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Another
technical

knockout

the first 100 /150 W
single sideband devices

There's more talk-power available
on efficient single-sideband radio and
Motorola now introduces state-of-the-
art 100 and 150 W units for unprece-
dented PEPs in your new SSB lineups.

The MRF421 and MRF422 con-
tain the biggest single RF chips in
production today.

And that means single-chip rug-
gedness and consistency.

Each chip incorporates 648 indi-
vidually-ballasted emitter sites. The
geometry was precisely computer-
designed for optimized cell placement

within thesilicon real estate to ensure uniform tempera-

ture throughout the chip area.

And that means optimized reliability.

Computer-designed 248 x 140 mil chip

And cooler chips mean improved
dynamic linearity and enhanced IMD.
OEM applications help to aid you
in building your 12.5 and 28 V single-

SSBtype PEP G, .dBMin. V.V Package
MRF406 20W 12 dB 125V 211-03
MRF420 75W 10dB 125V  211-02
MRF422 150 W 10dB 280V 211-04
MRF421 100 W 104dB 125V  211-04

sideband radio is available through
your Motorola rep. And a new Engi-
neering Bulletin, EB-27, is ready to
give you the right directions. Get

detailed information on the construction of matching

transtormers, schematic diagram, printed circuit board
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the cover
Honeywell’s multistation automatic test system typifies the trend to computer-controlled testing
described in the article heginning on page 44. Shown is one station of seceral at the company’s
new product ecaluation laboratory in Arlington Heights, . Designed and built by Honeywell's
Gocernment and Aeronautical Products Div., the system checks functional modules of building-
automation systems prior to production, and monitors production operations, too.
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Get the picture
withTelel/id

Now you can transmit still pictures over
ordinary telephone lines with TeleVid.

Standard Features
Simple Operation
25 or 50 second picture transimission

Picture viewing during transmission &
reception

Use standard TV cameras, monitors,
& video accessories

"Dial up’* or dedicated circuits
Compact transmit terminal
Non-fading image display

Options

- Multiple image storage
Hard Copy
Frame Freeszing
Video Pre-Processing
Color

Computer Interconnect

Get the picture

Colorado Video, incorporated
P. O. Box 928

®
Boulder, Colorado 80302 U.S.A.
Phone (303) 444-3972
TWX 910-940-3248

Pioneers in Compressed Video
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spectral lines

Who gets published? Part Ill: Proceedings

The Proceedings of the IEEE, it should be re-
membered, is the offspring (some would say con-
tinuation) of the Proceedings of the Institute of
Radio Engineers, a journal which, during the his-
tory of IRE, served as its core publication.
Today, Proceedings retains many of the tradi-
tional characteristics of Proceedings of the IRE.
yet differs in important ways. In particular, it is
available to members by subscription (some
30000 at present subscribe, and its readers repre-
sent all the Groups and Societies of IEEE, in-
cluding those, like the Power Engineering Soci-
ety, that were not constituents of IRE). During
1973, Proceedings published more than 1800 edi-
torial pages, encompassing 144 papers and 225
technical letters.

As in the case of its predecessor, the aim of the
Proceedings is to publish general-interest papers
having technical depth. It differs from Spectrum
in that articles are usually much longer, more de-
tailed, contain all relevant mathematics, and are
accompanied by extensive bibliographies. It at-
tempts to avoid papers that would appeal nar-
rowly to one Group or Society, and which would
therefore be more appropriate for one of the
Transactions.

A Proceedings issue presently appears in one of
two formats: ‘“‘regular’” or ‘“‘special.” The Editor
of the Proceedings. Robert Lucky of Bell Labora-
tories, distinguishes between the two as follows:
“In the case of special issues, I appoint guest edi-
tors who have complete editorial control over the
issues they handle. Topics and possible guest edi-
tors for these issues are suggested to me by the
Editorial Board of the Proceedings. Once ap-
pointed an editor can obtain material for his spe-
cial issue either through a special call for papers
or through inviting particular papers from prese-
lected authors. Both approaches have been used
in the past. We have had completely invited spe-
cial issues, and we have had those which were
obtained entirely from contributed manuscripts.
In either event, review procedures are entirely at
the discretion of the guest editor. Regular issues
consist hoth of invited papers and of contributed
[not specifically solicited| papers. In the past,
nearly all papers were contributed. Starting
about six years ago, the supply of contributed pa-
pers was supplemented with invitations to select-
ed authors to write tutorial-review papers on im-
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portant subjects. In the last few years, these in-
vited papers have constituted about half the con-
tents of the journal.”

In 1973, five special issues were published; thus
far in 1974, six special issues have been published
and one more is planned. In the case of regular
issues, both the invited and contributed manu-
scripts are reviewed by a minimum of three re-
viewers expert in the field. For the purposes of
our present discussion, we shall concentrate on
regular issues, and, in particular, on contributed
manuscripts.

Editor Lucky observes that the number of con-
tributed papers in recent years has continually
declined, due largely to the development of the
individual Transactions. If that trend continues,
the Proceedings could evolve into an all-invited
journal. There is, of course, the question of
whether this would be good or bad.

A serious problem cited by Dr. Lucky is the
general misunderstanding of the role of Proceed-
ings by prospective authors, so that most of the
unsolicited manuscripts are much too special-
ized; many of them are promptly recommended
for resubmission to an appropriate Transactions.
On the other hand, the kind of paper that Pro-
ceedings is seeking (the authoritative tutorial
review) is not the kind that an author is apt to
write “‘on speculation.” It is, rather, the kind
that warrants prior negotiation.

As a result, the Proceedings has set a new poli-
cy of soliciting proposals for tutorial-review arti-
cles. The policy enables a prospective author to
send an outline of the contents of the proposed
article, prior to actually generating the complete
manuscript. He is encouraged to include a brief
description of why the subject is of current inter-
est. along with a few words about his own rela-
tionship to the field and his qualifications to
write the paper. Such a proposal would be exam-
ined by the KEditorial Board of the Proceedings,
and, if approved, the author would be invited to
prepare the paper. While the manuscript would,
of course, still be required to undergo review, Dr.
Lucky emphasizes that the author would be
guaranteed that the Proceedings had a genuine
interest in the topic, had no competing papers
scheduled, and was prepared to publish the man-
uscript providing it survived the review process.

Donald Christiansen, Editor
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Instrumentation

Automatic test systems

Seven basic elements make up the ideal ATS;
neglect of any one is an invitation to disaster

There is probably an automatic test system (ATS) in
the future of almost every product designer and in-
strumentation engineer. For those engineers directly
responsible for solving test and repair problems. such
systems—particularly those built around computer
data bases—are fast becoming an everyday necessity.

With modern electronic testing techniques now less
than ten years old, it is not surprising that many en-
gineers haven't yet had the opportunity to discover
how automatic testing systems work and what they
can do. While recognizing that the art of automatic
circuit testing continues to develop rapidly—with new
concepts and methods constantly being discovered-
this article aims to provide a general survey of the
field. Starting with the basic elements of automatic
testing systems, the discussion covers the essentials of
ATE hardware and software techniques, highlights
some of the major problems and pitfalls involved in
successful use of the systems, and points to the types
of people and organizations that now play a key role
in automatic testing.

Automatic testing—the basic elements

An automatic testing system consists of seven main
elements (see Fig. 1):

1. Data base of circuit descriptions

2. Means of circuit simulation

3. Method of test generation

4. A language with which to command a piece of
automatic test equipment to carry out tests and a li-
brary of programs in this language

5. Automatic test equipment (ATE)

6. A diagnostic (fault-locating) method

7. Some scheme for managing the mass of data
Not to consider all seven of these components in es-
tablishing an automatic testing system is to invite
both frustration and financial loss. In fact, it is still
not widely understood in the industry that the need is
far greater for test systems than just test equipment.

For maximum efficiency, an enlightened manufac-
turer will apply a test system to products in one or all
of the following: design verification, testing during
manufacture, and diagnosis by a repair organization.

The data base

Although very recent products may be associated
with a computer data base of circuit descriptions
(e.g.. bills of materials. wiring lists. pin loading re-
quirements, printed board art masters. schematic di-
agrams, IC types, etc.). slightly older products may
be documented either by manually retrievable means

Kilin To, R. E. Tulloss Western Electric

or in a form not readily available.

Undoubtedly. the processing of this data for pur-
poses of computer simulation and test generation can
become one of the most time consuming and tortuous
tasks involved in the application of an ATS to a given
product. It is still rare for this process to be automat-
ed to a significant degree—although a computer-read-
able data base makes this possible in principle.
Therefore, one corollary for the manager or engineer
convinced of the need to systematize is:

Know your data base and its relationship to your

available means of simulation and test generation,

and devise as efficient a means as possible of 0b-
taining a simulatable model from the data base.

Currently, only a few large manufacturers—those
with extensive design automation commitments—
have completely grasped this lesson and applied it to
new product lines.

Circuit simulation

To simulate a circuit you must have a model of the
circuit—a problem that can be extremely nontrivial if
the model is to be faithful both to the design intent
and to the modes of circuit failure.

The best automated test systems are based on a
tremendous one-time expenditure on software and
modeling of small components from which products
are constructed. In the average case. however, human
input to the modeling of products is still needed.

In the worst case—and all test engineers have seen
this happen—an engineer prepares a logic diagram
that he assumes correct. He then traces input signals
through the diagram by hand. If the circuit has any
complexity. there is no hope of verifying the correct-
ness of the model or generating a set of inputs that
will test the circuit for a significant proportion of all
possible faults. More and more frequently. computer
simulation is becoming an absolute necessity.* Al-
though a computer simulator may be designed for a
specific product. the ideal simulator in an ATS
should be applicable to a broad range of products.

If a simulator is to be widely utilizable, there must
be a means of providing it with circuit models. In a
fully automated test system. the model is automati-
cally derived from wiring lists and a library of compo-
nent models. More commonly. a circuit model is de-
scribed to a simulator by means of a special circuit
description language. These languages have syntaxes
ranging from fixed position numerical codes to En-
glish-like formats.

* Some will disagree with this contention on the grounds that there
are some practical disadvantages to computer simulation. There are
cases in which a test sequence can be huilt up by hand and a fault
dictionary built empirically through experience with an ATE.
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Computer-controlled, multipoint interface ‘“‘pegboard” joins
automatic test equipment to complex circuitry undergoing test.
Pegs, here spelling out ATE, complete appropriate test loops.

Creating the model to be described is, of course,
the sticky point. For circuits composed of standard
digital ICs, modeling can be greatly simplified. Engi-
neers or technicians who can model mixed-technology
circuits accurately and rapidly, however, are an asset
to the company that employs them, for they are rare
birds, indeed.

Simulators may fall into any of the following types:

Po, Tulloss—Automatic test systems

. Waveform network analysis
. Gate-level simulation
. Functional simulation
4. Layered simulation (a combination of types 1-3)
For design purposes, the waveform analyvsis ap-
proach may be almost a necessity. For TTL logic that
has been in production for some time, gate-level sim-
ulation is common and useful. As the building block

O o =—
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components gain greater and greater functional com-
plexity, however, the need for simulating their inter-
nal workings decreases and functional or layered sim-
ulation becomes more desirable.

Simulation of a fault-free model enables the engi-
neer to check that model against the behavior of the
actual product—model validation. The problem be-
comes one of obtaining a set of inputs that will dis-
tinguish good products from failing ones (fault detec-
tion) and, if economically feasible. will provide a suf-
ficiently large set of stimuli to allow for better fault-
location resolution in the failing products.

Test generation

Although ‘test generation” generally implies the
preparation of tests for digital logic, some analog test
generation methods have recently emerged. Of course,
complete testing of a circuit board may require the
measurement of some analog parameters, but auto-
matic generation of tests for these parameters is ex-
tremely unusual today. The general procedure is to
separate analog and digital testing. even though they
may both be accomplished by a single test program.

A number of algorithms and heuristic methods

exist for the generation of test sequences that are re-
garded as “complete”—i.e., the test sequence can be
shown to detect the presence of any single, stuck-at-
0/1-type (also called stuck-at-type) fault in a given
circuit by the use of a fault simulator. But in highly
sequential circuits, if complete coverage of all detect-
able faults is desired, an engineer will more likely than
not find it necessary to finish off the test generation
by hand even when a computerized test generation
algorithm is available.

Command language and program library

A test command language is a programming lan-
guage that directs an ATE through the testing of any
member of a given class of products. Most manufac-
turers of ATE provide a test command language and
compiler with their hardware; but the level of the
language varies from rudimentary mnemonics to
English-like languages. Certainly test command lan-
guages like general-purpose programming languages
are most useful if they can be easily understood.

From the test system’s point of view, it is always
desirable to have the maximum information about a
product available with minimum effort. Hence, a

Problems, pitfalls, and pluses of an automatic test system

The problems encountered in managing a test system
depend, of course, on the system's sophistication (see Box,
pp. 50-51). At one extreme, the “strictly manual” test sys-
tem (if adequate for the product) requires the least effort in
the preparation of test specifications; however, it takes highly
skilled technicians to troubleshoot, locate, replace, and re-
pair the faulty components. Because human judgment is
involved both in the preparation of test specifications and in
troubleshooting, the process is slow and prone to error.
Eventually, the quality of the tested products suffers or falls
into question. On the other hand, a highly skilled techni-
cian's knowledge of the product under test may compen-
sate, at times, for inadequately written test specifications.

At the other extreme, a highly automated test system has
problems of its own that managers have come to recognize
only recently. Since automatic test systems are more and
more common today and definitely the trend of the future,
it is worthwhile to point out to those who will manage them
possible problem areas and pitfalls.

Lack of system concepts: Since ATE is the tangible part
of an automatic test system, potential users are often
preoccupied with it to the extent that insufficient effort is
spent on the rest of the system, with total performance af-
fected for the worse

An ATS is far more than the hardware involved. Off-line
modeling, simulation, and fault analysis are all indispens-
able to the system and should not be taken lightly. Before
any other work has started. the ATS manager must plan
where and by what personnel each of the steps in a test
system is supposed to be handled. An example of mis-
match in design would be a system where the ATE is fitted
with probes that are never used because no probing in-
structions are provided by the off-line test command pro-
gram generator.

Using a software simulator: The circuit to be simulated
may have basic building blocks that are not readily avail-
able among the simulator’'s circuit description primitives
(basic simulator elements). Difficulties often arise in trying
to describe to the simulator the circuit with a limited set of
modeling primitives; the description must perform function-
ally like the physical circuit in both fauit-free and faulty
conditions

To lessen the consequences of not having the right prim-
itives, some simulators provide macro facilities or utilize
truth-table descriptions of a circuit's basic building blocks
When a data base of basic circuit building blocks is lack-
ing, the time it takes to describe some circuits in the simu-
lator's circuit description language is long, with one man-
month per circuit not uncommon.

Modeling limitations of fault simulation: Most digital sim-
ulators inject only single faults of the stuck-at-0/1 type
The test sequence previously verified to be complete by the
fault simulator may not detect some actual faults in the cir-
cuits that do not fall within the set of faults known to the
fault simulator. The frequency of occurrence of these
nonsimulated faults obviously affects the usefulness of the
test sequence, which should be validated by testing actual
circuits on an ATE before production testing.

Test program validation: The processes of circuit mod-
eling. test generation, and simulation are prone to errors
caused by human oversight and too much idealization of
real-life circuit parameters. ATE hardware limitations, as
well, necessitate that the test program, once written, be
carefully validated before release to production testing: this
is accomplished by actually running it with sample circuits
in the ATE.

If the system also provides automatic diagnosis, this pro-
cess becomes even more important. In such a case, the
validation would have to include the insertion of real faults
into the sample circuits in order to check that they are
diagnosed correctly a tedious and time-consuming job
Some ATE vendors are attacking this problem, and there
are now commercially available ATEs that can automatical-
ly insert physical faults on the pins of IC DIPs (dual in-line
packets) through built-in relays.

Wasting computer time: Because a fault simulator is
available to verify the completeness of test sequences. the
test engineer is not motivated to obtain short, complete test
sequences. This increases expenses incurred in computer
simulation time, and extends ATE test time for a single unit.

System cost: Most first-time users of an ATS have the
misconception that the cost of the ATE is the cost of the
entire system. (This is equivalent to saying that the cost of
running a computer system is equal to the cost of the com-
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high-level test command language (preferably with
sophisticated macro capability and one that allows
in-line comments) has the distinct advantage that,
for a given product, a carefully written and docu-
mented test program in such a language can serve as
a company-wide test specification—even to locations
that may test the same product manually, semiauto-
matically, or automatically on different hardware.
The confusion that can be saved by such care in writ-
ing the test program cannot be overemphasized.

ATE

Automatic test equipment appears in a variety of
species. ranging from comparators driven by paper
tape, to systems composed of sensing devices directed
by a dedicated minicomputer.

The direction now being taken by industrial test
engineers is toward more scphisticated ATEs with a
wide range of capabilities that can be applied to a
number of product lines with minimal reconfigura-
tion. This type of equipment is becoming more and
more suitable for testing systems that have minimum
human intervention between circuit design and test
command program generation.

The ideal ATE has sufficient capability so that its
influence on modeling and simulation efforts can be
either minimized or clearly and concisely catalogued
for reference. It should allow the use of a high-level
programming language, for which a compiler must be
readily accessible. If economically necessary, its soft-
ware package should contain an adequate fault-locat-
ing routine to speed up repair and if it does not. then
the software should be designed so that addition of
such a routine is a simple matter.

The diagnostic method

Once a faulty circuit is detected, the next step is to
locate the fault within the circuit. The words “‘fault
location,” “‘fault isolation,” and “*fault diagnosis” are
synonyms. We shall briefly discuss three different
ATE approaches to fault location:

1. Fault-location capabilities can be implicitly
written into the program that directs the ATE send-
ing and receiving signals. Such a test consists of com-
parisons of the actual and desired responses. If the
network is fault free, then the test program will follow
the “go™ path to a terminal printout (or display) that
indicates 'no trouble found.”

puter hardware.) It often comes as a shock to the novice
that the test command programs and related software of
the ATS cost as much, if not more, than the ATE itself.

ATS overenthusiasm: Some people are so attracted by
the sophisticated capabilities of ATS that they immediately
want to replace their existing test procedure. OId test pro-
cedures need not always be replaced if they are doing the
job properly and economicalily.

Maintenance problems: The maintenance of an ATE re-
quires specialized personnel that most existing shops do
not have, and implies a knowledge about computers and
interaction with the maintenance crews of a number of
vendors. Building and training such a staff is often costly
and time consuming, but it is inevitable.

The all-purpose ATE: Subconsciously, people believe that
an ATE can be easily programmed to test product lines
other than the one the machine was purchased to test. Un-
less other product lines were taken into consideration dur-
ing the planning stage of the ATS, preparing the ATE for
broader testing may not be easy at all. Often it is an im-
possibility.

Words like “universality” and “modularity” —loosely used
to describe ATE—can be more meaningful if they are inter-
preted as: “This ATE is universal enough to test a small
class of products (not any product),” or “This language is
universal enough that a written test command program will
run any configuration of this ATE as long as it has the
same or more capabilities than the standard configuration.”
A modular ATE is one that has a repertoire of software
drivers and hardware instruments that can be reconfigured
for application to a particular product or set of products.

Engineering changes: Engineering changes on the prod-
uct under test often affect the test command program, di-
agnosis, etc. Hence, a procedure must be worked out to
update the ATS quickly in order to cope with these modifi-
cations. This often means some changes in the test pro-
gram—another reason to have a test command language
that is easy for the test engineer to understand

Designing testable circuits: Some circuits are hard to
test because they are designed by well-intentioned design
engineers using tricks of the trade. Such circuits are poorly
laid out with few access points or with some components

difficult to remove and replace. The problem is that people
who are in charge of testing and repair normally have a
hard time getting a more testabie circuit from the design
group. Unfortunately, this situation will remain until we
have established a theory of testable circuit design. One
remedy is to demand the design engineer also to derive
and validate the test sequence for his circuits.

Buying the ATE first: Sometimes the choice of the ATE
inadvertently compromises or limits the choice of other lev-
els of the test system: comparators and pattern generators
are good examples of this, and we have sought to describe
their merits elsewhere in this article.

Misunderstanding simulation: At this very moment, a
number of testing engineers are engaged in futile attempts
to write comprehensive test programs for highly sequential
digital circuits. In the majority of these cases, the engi-
neers are not fully aware that any hope of obtaining a test
sequence based on hand calculations would require the
commitment of many unborn generations. There are many
circuits with such large numbers of inputs and outputs and
significant sequential depth that they require more than
2100 calculations simply to verify that a test sequence is
complete for stuck-at-0/1-type faults!

Save now—pay dearly later: Some ideas intended to re-
duce manufacturing cost unintentionally increase the cost
of testing and repair. Substituting stock components or
material may alter the life of the components and increase
the incidence of testing and repairing the circuit.

Pay now—save later: Although putting extra test points
in a circuit increases the cost of manufacturing, the sav-
ings realized in testing and repairing may be large enough
to be well worth it.

Quality control: In many cases. most of the data that is
available during testing are not collected because to do so
would slow down the testing process. In the manual mode
of testing, to gather sample data, special studies have to
be conducted. These studies are not only disruptive to the
testing process, but they are costly as well. Fortunately. in
a computer-controlled ATS, data collection can be done by
the computer and the extra cost is mostly a one-time ex-
penditure for some additional software

K. T.andR.E. T.
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Such an approach to fault location often requires
tedious manual coding and debugging of the test
command program and a “‘weaving in" of the fault-
locating capability. Moreover, any future changes in
the network under test, due to engineering updates or
new issues of the same product, necessitate laborious
recoding of the test command program. This entails
efforts similar to implementing additional features
into an intricately woven, previously coded computer
program, the woes of which are well documented in
software journals.

2. By using a fault simulator, a tabulation of fail-
ure symptoms vs. faults (often called a fault dictio-
nary) can be derived. It is used in the following man-
ner.

First, a sequence of tests is simulated on a circuit
under test (CUT) and the actual responses of the
CUT are recorded. If one or more of the responses is
not equal to the corresponding response in the simu-
lated fault-free circuit, then the circuit is faulty. A
fault signature is calculated, which is composed of
both the numbers of failing test steps and a faulty
output list for each of the failing steps, although this

1-&.:%.
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Data management: computer-age need I

The need for data management can be amply justi-
fied by the following case history, which—though :“
hypothetical-—parallels the experiences of many ac- [‘
tual electronics firms with which the authors and the
reader are familiar: I

The XYZ Company tests 100 different circuit types
with a multistation ATE. As in many manufacturing
and repair center environments, available space is
restricted and there is a logistics probiem. For every
circuit tested there is a 3—-6-inch stack of computer |
printouts, schematics, a plug-in patch board, and a |
| variety of fault-free sample boards, interface boards, |
| and probe mats. In addition, there is a library of |
15-20 magnetic disks containing test and diagnostic
programs, with duplicates for each of the disks. (
| As if this were not enough, the test programs un- |
dergo frequent alterations (about 2-5 per month)—
improvements required by design changes.

It is obvious that someone has to keep tabs on |
what is happening. Has the back-up pack for circuit |
X been updated? Where is circuit Y's “gold-plated” ’
good board? Disk Z has been clobbered, where is ‘
the back-up? Where is the circuit drawing for circuit
A. for which an error in the patch-board wiring is |
. suspected? |

The job of data management is a big one requiring |
extensive familiarity not just with the ATE but with |
the entire automatic test system. We call the person |
handling this job the data manager. a position that is ‘
| seldom assigned explicitly, but that falls by default
on one or more test engineers who systematize lo-
gistics up to the point where most crises are avert- |
ed. A written logistics plan is fairly rare under these
circumstances, so temporary chaos can result when
any of these de facto data managers leaves the i
company. It is not uncommon to find an updated test ll
program put onto disk with the diagnostic programs |
of an earlier version or even a different circuit. I

The job of effectively minimizing such errors is not |
an easy one, but would certainly be optimized by the \

increased use of data managers. “
d K. T.andR.E.T. |
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information may be compacted by some hashing
technique. A search for a matching signature in the
fault dictionary will frequently yield the identifiers of
the faulty modules.

3. To employ a dynamic on-line fault locator in-
volves some complex on-line circuit tracing algo-
rithms plus sophisticated off-line software aids. To do
this, one takes the “‘good old test engineer's” own
troubleshooting approach, in which the following
pieces of information are normally available: (1) a
complete sequence of tests and a set of corresponding
responses for a fault-free circuit, and (2) the schemat-
ic diagram, and perhaps the logic diagram of the cir-
cuit, and a description of the boundaries of the re-
placeable modules the circuit contains.

The test engineer executes the given sequence of
tests on the circuit, records the corresponding re-
sponses, and compares them with the given responses
of the fault-free circuit. If a difference is noted, he
applies his knowledge of electronics and traces
through the schematic and/or logic diagram following
one of two schemes:

Pessimist's method—Start with one of the faulty

."’7"";_ o

Wanted: more research

I Without belaboring the research work of the past, we
‘ can broadly outline current trends in the field of
electronic circuit testing. This does not mean that
some of these problems have only recently ap-
peared. It is just that they have always been known
| to be conceptually difficult to handle.
\ Most of the work done in fault analysis is in the
| digital circuit area. Much less effort has been ex-
| pended on fault analysis of analog circuits, and even
less on hybrid networks (circuits consisting of analog
and digital subcircuits and relays). Since all these
circuits abundantly coexist in the real world, why not
develop test and repair techniques for all three
areas?

A lot of research work has been confined to clas-
sical stuck-at-0- and stuck-at-1-type faults. However,
other types such as intermittent faults, pin shorts,
| and “wrong component” faults frequently occur. Re-

cent articles have reported explorations in this direc-

tion.
Many studies in fault analysis have been entirely
dependent on the “single-fault” assumption. Multiple
| fauiting in combinational circuits has been re-
searched in some detail, but multiple faulting in se-
| quential circuits is an area that has not produced
. many applicable results.
| Efficient algorithms for generating tests. while de-
| veloped for combinational circuits, still take too
much computation time for highly sequential circuits.
. In the case of analog circuits, automatic test gener-
| ation has barely been mentioned in the literature. As
| discussed in the text, there is an important and nec-
. essary distinction between fault simulation and test
| generation.
1 Substantial time has been devoted to the analysis
of the effects of faults on a circuit. Recently, work
| has appeared on synthesis—the principles of design
i — with the idea of simplifying testing problems by the
allocation of test points, partitioning, packaging, etc.
With such an improved design methodology, many
testing economies can be effected.
K. T.andR. E. T.
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Test generation

Circuit description data base

). Test simulation

Test program
generation

Validation

Circuit under test

Fault diagnosis

® Data management

® Education

Library of test data

Automatic test equipment

[1] An automatic test system is much more than just the ATE hardware, which may cost as little
as a quarter of the entire system. With large investments going into such “intangibles™ as data
processing and software, it is no wonder that the need is increasing for better data management

and more informative testing education.

primary outputs. using perhaps the single-fault as-
sumption, and see what subcircuit is electrically con-
nected to this particular output. Then. using the op-
erating principles of gates, deduce what gate could
possibly cause such an output.

Optimist’s method—Instead of starting with the
faulty primary outputs, start with the correct outputs
and say. “If this output is correct under this test
input and with a given state of the circuit, then this

T'o, Tulloss—Automatic test systems

gate and those gates must bhe fault free.” Do this by
checking off faults that cannot be present given the
correct responses at the output pins for each test
input. In the end. what is left will be a list of gates
that cannot be logically deduced to be fault free.

Data management

A position of data manager (a person who coordi-
nates necessary information for testing a particular
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product) has become necessary to keep an orderly li-
brary of test programs and to cross-reference them
with simulation models and the original circuit data
base entries; in some cases, product samples may also
be kept as standards.

The importance of this data manager cannot be
overemphasized (see Box, page 48). Poor control here
means that engineering changes will lead to chaos on
the testing floor. Product changes—which result in
modeling changes, new simulation and analysis data.
new test generation, and new test command pro-
grams—all must be carried out in an efficient., orderly
manner. In the majority of automatic testing applica-
tions. this data management position is never creat-
ed: consequently, the system deteriorates over time
because data becomes older and more irrelevant.

Who makes up the testing population?

The four major groups involved in testing are the
academicians, the instrument manufacturers, the
software houses. and the hard-pressed testing engi-
neers. Unfortunately, these diverse groups often do
not understand each other’s jargon—especially at test-
ing conferences—which can be an extremely frustrat-
ing experience.

The four groups can be defined by their interests, as
described in the following sections.

The academicians

It appears that most articles published in profes-
sional journals on automatic testing are written either
by university professors, graduate students, or persons
from research and development centers. Their work
consists mainly of test generation techniques, design
of testable circuits, simulation, fault diagnosis, and
failure tolerant systems. Well-known test generation
methods include path sensitization, D algorithms,
and Boolean difference techniques. To make prob-
lems more tractable, faults are assumed to be of the
stuck-at-0 and stuck-at-1 type, although recently pa-
pers have started to explore the effects of other types
of faults. such as intermittent faults.

Most research reported to date has concentrated on
test generation for single faults; however, recent pub-
lications have begun to consider multiple faults. Un-
fortunately, most present test generation methods.
while good for combinational circuits, are not easily
adaptable to sequential networks—an area that is not
too well understood.

Because they are more and more widely used and
conceptually simpler to work with, digital circuits
seem to attract the main efforts of automatic testing
research. Digital circuits are composed of building
blocks such as NANDs, NORs, flip-flops, etc.. but
many analog circuits are single (perhaps even unique)
entities. A good example of the imbalance that exists
in the automatic testing field is seen in the fact that
work on test generation for analog circuitry is almost
nonexistent (see Box, page 18).

The development of criteria for designing testable
circuitry (again mainly digital) that the practicing
engineer can readily use is still in its infancy. Al-
though there is work being done on LSI (large-scale
integration) cellular arrays and fail-safe machines,
theories in these areas are still in their infancy and
seldom used by practicing design engineers. Tech-

ATE—a hardware to go!

At the very heart of every automatic test system can
be found a piece of test equipment. With interest in
automatic testing stimulated by the necessities of
maintaining today's highly complex electronics sys-
tems, the market is virtually exploding with all sorts
of ATE hardware. Basically, however, the field can
be narrowed down to either fixed program or vari-
able stored program hardware. The advantages.
problems, and solutions of the various approaches
within these two ATE classes give some indication of
the broad range of performances that can be ex-
pected from ATE systems.

Fixed program

The comparator approach ($1000-$30000). Cir-
cuits under test (CUT) are inserted one at a time
into the test equipment, and random signals are fed
into the input pins. Signal values of the output pins of
the CUT and, possibly, of some internal nodes are
then compared with the values measured from the
corresponding pins and nodes of a known-good cir-
cuit that is used as a reference. A board that is
fault-free serves as the standard to which all CUT
measured values are compared.

The advantages of the comparator approach are
that there is basically no programming required
(therefore no software overhead) and that the system
is inexpensive to build. There are problems, how-
ever, which are:

1. It is not suitable for testing sequential circuits
with no reset line, since the CUT normally powers up
in a different internal state than that of the known-
good circuit.

2. Because of the random inputs used as tests,
fault coverage of the test is usually not complete
and. in fact, fairly poor for deeply sequential circuits.

3. Since a known-good board (a board verified
fault-free by some manual or functional method) is
used as a standard for each of a number of different
types of CUTs, and since at least one board of each
type must be kept at each of the locations testing
them, a high inventory of known-good boards must
always be kept. Known-good boards or so-called
“golden boards™ also deteriorate with time.

4. Comparators have limited capabilities for con-
necting instruments to different pins of a CUT.

The foliowing solutions can be used to overcome
the problems encountered with comparator testing:

1. In a sequential circuit, a CUT plugged in and
powered up could be in any state and probably is in
a different state than the known-good circuit. If a
test sequence is fed in, outputs will differ, and good
circuits will not pass the test and be unnecessarily
rejected. If a reset line is available, however, both
circuit boards can be reset to the same state. Other-
wise, a homing sequence (an input sequence to ini-
tialize the circuit to some known state) must be de-
rived to serve as an initialization both of the CUT and
of the standard good circuit before the actual test
begins. Some comparators do not allow for this solu-
tion.

2. Random inputs normally can detect 30-60 per-
cent of the faults of the CUT during the first few in-
puts. However, many more random inputs will be re-
quired in order to increase the fault coverage, and
will involve an almost exhaustive trial and error pro-
cess. For sequential circuits. this problem is further
compounded by the fact that the order of the tests is
also important. If a fault simulator is available, tests
can be generated manually or by any known algo-
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rithm (such as path sensitization, D-algorithm. or
Boolean difference methods) and verified for com-
pleteness. Again. some comparators do not aillow for
this solution.

3. Known-good circuits do not necessarily have to
be kept and used as standards. The values of good
circuits can be predicted either by a fault simulator
or from the actual measurement of a known-good
circuit when the complete tests are fed in. These
values can in turn be retained in hard copy form:
paper tape, cards, etc. In this way, there is no fear
of known-good circuit deterioration.

4. A limited amount of switching can be incorpo-
rated to move some instruments from pin to pin.

The pattern generator approach ($500--S15 000).
The pattern-generator concept of automatic testing
involves applying a test vector to the input pins of a
known-good board and recording its output vectors
or making a count on the number of transitions from
1 to 0 and from 0 to 1 for each output pin. Any cir-
cuit under test that does not have the same output
vectors or transition counts on corresponding output
pins is then concluded to be faulty. For fault location
purposes, transition counts for internal nodes are
also recorded. In order to avoid race conditions, one
input pin is changed at a time, with Gray code, 1-
out-of-n code, etc., normally used.

The advantages of the pattern generator approach
include:

1. Because of the fixed test procedure, it is con-
siderably less expensive than computerized testers
and the associated software cost is nil.

2. Presumably the code generator can carry out
tests very fast.

3. The test sequence is exhaustive if the circuit
under test is combinational or if all of its flip-flops
can be set/reset and sensed externally.

This testing technique has the foliowing inherent
deficiencies:

1. Initialization problem: Because combinational
circuits do not have initialization problems, this
method is more applicable to combinational circuits.
However. sequential circuits may power-up in un-
known states. Starting the CUT in a state different
from the state in which the reference unit started at
the time of the reference count will cause rejection
of fault-free CUTs.

2. Faulty circuits with correct transition counts: If
the heuristic method of keeping the output pin tran-
sition counts is used instead of recording all of the
actually received output vectors, then there exist cir-
cuits such that if a fault is present. the transition
count of the output pin is the same as the good cir-
cuit, except that the transitions occurred under dif-
ferent input combinations. In other words. the transi-
tion count is not unique to the good circuit, present-
ing the possibility of passing bad circuits.

3. Incompleteness of test sequence: Since a fixed
pattern is used as a test sequence. it may not detect
all possible faults for sequential circuits. Again, this
may lead to passing bad circuits.

Solutions to the problems just described include:

1. A homing sequence to reset the CUT must be
used for sequential circuits that have no reset line.
This may be impossible in some pattern generators.

2. A fault simulator can be used to verity whether
the transition count is unique to the good circuit. Al-
though fault simulation is not usually thought of as
useful in this fashion, it can be done easily.

3. The completeness of the fixed test pattern for a
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particular circuit can be verified——agaih by a fault
simulator. Instead of using a fixed pattern generator,
we can have a PROM (programmable read-only
memory) as a pattern generator. A complete test se-
quence (produced and verified by a fault simulator)
can be programmed into the PROM, which means
building your own pattern generator or doing some
careful shopping around.

With a complete test sequence, fault location can
be obtained by executing the sequence again and
again while tracing back from the bad output pin
probing each stage and comparing with precalculat-
ed values until the good output is measured. The
fault must then reside just after the good output.

Variable stored program

Computer-controlled test system  approach
(S50 000 and up and still rising). The computer-con-
trolled test system is the most fiexible and expensive
of all ATEs. Test sequences are usually verified to be
complete by simulator, and the faults are located by
addressing a fault dictionary or an on-line fault loca-
tor.

The different organizations mentioned here affect
the inherent speed of test execution. In the following
descriptions, SV means send (input) vector, and RV
means received (output) vector:

Single buffered SV. RV: In the following methods,
the time required between one test and the next is
bounded by the memory cycle time. The time re-
quired to shift the test sequence into the send vector
buffer is proportional to W(SV)/W(BUS). where
W(SV) is the width of the send vector in number of
bits and W(BUS)} is the width of the bus from the
computer to the send vector buffer: parallel shifting
of the test sequence can be achieved by addressing
the bits in a particular bus width. Usually, the test
sequence does not change in too many bits from one
test to the next. Therefore, the changed bit can be
selectively addressed. The speed will be the number
of changes multiplied by memory cycle time plus the
time required to send back the RV. Some cycle
stealing can be achieved; however, time is essential-
ly bounded by memory cycle time.

Fully butfered SV. RV: Instead of loading the SV
and taking up the RV one at a time, a multiple buffer
on both the SV and the RV can be used. The com-
puter will send out complete test sequences into the
buffer, then start execution of the test at the highest
speed determined by a local clock to the full buffer.
Received vectors are stored in the RV multiple buff-
er.

Flexibility is the strong point of computer-con-
trolled test equipment. This is inherent because (1)
stored program control is used. (2) the switching
system routes the instrument connections, (3) any
data processing needed can be performed by using
the existing computer, (4) there is a wide selection
of vendors from whom to select the test equipment
building blocks (although most commercial ATE
manufacturers prefer that core instruments be their
own}, and (5) there is an expandable capability
through addition or deletion of software or hardware
building blocks.

The management problem of operating and main-
taining such a complicated test system is enormous
and not unlike managing a computer center. It is
here that the job of data manager will be especially
needed (see Box. page 48).

K. T.andR. E. T.
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niques have been explored to improve the speed of
fault analysis by dealing with classes of faults as
units. For fault location purposes, fault tables and re-
lated methods are also being researched and used in
many locations.

The instrument manufacturer

Instrument manufacturers—who make and sell auto-
matic test equipment—are becoming increasingly in-
volved in the implementation of high-level test com-
mand languages and on-line fault simulation and
location methods. Hardware organization schemes seem
to be as varied as the companies making ATEs them-
selves. ATE hardware can be conceptually divided
into two basic classes: those with fixed programs. and
those with variable stored programs. Of course. one
can always find a combination or variation of these
two configurations. (It should be remembered that
ATE of either type may or may not be controlled by a
general-purpose computer.)

As an aid to the reader’s understanding of automat-
ic testing. each of the two basic automatic test equip-
ment types is examined in the box on pp. 50-51,
along with potential solutions to some of their inher-
ent problems.

The software houses

The software service houses that are in the testing
business are often set up by people who have devel-
oped fault simulation software either at a university
or in the design automation department of a large
corporation. They provide such services as test gener-
ation, fault simulation, translation of test inputs into
the test command language of the customer’'s ATE,
and fault dictionary preparation: mainly for digital
circuits. The fee normally charged for these services
usually depends upon the percentage of complete
fault coverage required and the complexity of the cir-
cuit to be tested.

As a rule, software vendors provide single-fault
simulation of the stuck-at-0/1 type in digital circuits,
with an occasional timing fault analysis capability.
The most commonly used commercial 1Cs (integrated
circuits) are sometimes already modeled in a data
base; hence a circuit board can often be described
easily to the simulator just by describing the wiring
between the previously modeled 1C building blocks.
The fault diagnosis information that is provided is
normally in a fault dictionary format. These dictiona-
ries may be organized to disclose at which test steps
and at what output terminals a given fault is detected.
and they may even give the expected logic values of
each IC terminal. allowing for the possibility of using
IC clips to locate bad ICs.

This scgment of the electronic testing industry is
just beginning to flourish and the quality of software
service varies greatly from vendor to vendor. How-
ever, corporations that have large R&D budgets and
manufacturers of the more expensive automatic test
systems (A'TS) are attempting to fill this gap by pro-
viding their own fault simulation packages.

The test engineer

Because testing has become a rather specialized
field with its own “‘in"" jargon. most engineers who are

confronted with a testing assignment may not be able
to assess the entire testing problem. The problem is
compounded further by the nonexistence of a unified
body of knowledge in the form of tutorial texts on auto-
matic testing; hence the engineer must wade through
voluminous and not so easily digested technical jour-
nals before finding something that can be readily ap-
plied. The engineer’s most frequent compromise,
therefore, is to take what is available commercially
(after an inexhaustive study of the field) and tailor
whatever he buys to fit the product that is to be tested.
As a result, there is a tendency to buy ATE haphazard-
ly or build the whole ATS from scratch with great
expenditure of time and money.

The eighth component

To obtain a truly successful ATS, an eighth compo-
nent is required. We think the proper name for it is
education: (1) self-education, planning, preparation of
detailed specifications unifying off-line software. on-
line software. hardware, and human processing: (2)
education of potential ATS users as to the signifi-
cance of real needs and the meaning of a system ap-
proach; and (3) education of managers regarding the
necessity for both better testing and the complex sys-
tem required to perform it, and the savings that can
be expected in spite of the initial cost.

The engineer or manager committed to introducing
an ATS will be faced again and again with the need
to explain that his system is something much more
elaborate than just hardware. Hardware is central to
an ATS: but though it is more tangible than software
and human elements. it is only a single component in
a svstem requiring much more in order to be coherent
and operational. Hence. the successful ATS man is an
educator who must constantly and lucidly justify
spending one. two, or three times his hardware costs
on the intangible information processing that will
make the hardware more than merely a dust collec-
tor.
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Instrumentation -

Get to know op amps;
use a curve tracer

For the out of the ordinary application,
it is not surprising to find op amp spec sheets wanting

Working with operational amplifiers often requires no
more information about their characteristics than is
provided in manufacturers’ spec sheets. But under
nontypical conditions, such as use of a +5-volt and a
—5-volt power supply instead of the standard %15
volts, most spec sheets are inadequate. In such cases,
a curve tracer is a valuable tool for determining what
to expect from the op amp. The instrument is also
useful for verifying op-amp manufacturers’ claims
under standard conditions.

The reason that op amp spec sheets don’t always
give sufficient information (except, perhaps, for the
more costly op amps), is that it is impractical to
characterize the devices in ways that only a few cus-
tomers might find useful. To verify such character-
istics means added production costs.

Point-to-point op amp testers

Production testing of op amps-—as is the case with
other high-volume components—is usually done with
automatic testers that separate most bad op amps
from the good ones. These testers make point-to-point
measurements of key parameters in a fairly rapid se-
quence. For example, open-loop gain may be mea-
sured by applying an input voltage that causes the
output to be +10 volts, measuring that input voltage,
changing the input voltage so that the output is —10
volts, measuring the new input voltage, subtracting
the lower input voltage from the higher one, and divid-
ing that number into 20 (the output voltage swing). By
this procedure, the ratio of output voltage swing to
input voltage swing is obtained. It is a point-to-point
measurement since it is from the +10-volt to the
—10-volt point. These two points can be identified
easily in the gain curve produced by a curve tracer.
Such a curve would have output voltage change plot-
ted against input voltage change. The curve would
show all the points between the +10-volt and —10-
volt output levels. If desired, the curve can be made
to extend past these levels into the saturation region,
near 15 volts.

Op amp curve tracing can be done on paper or on
the screen of a cathode-ray tube—a storage CRT is
needed because the open-loop 3-dB bandwidth of many
op amps is so low that the curves must be plotted
slowly.

Typical op amp curves that can be plotted with a
curve tracer are listed in Table I and a functional

John Mulvey, Jack Millay Tektronix, Inc.
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block diagram for an op amp curve tracer is shown in
Fig. 1. The functional block diagram changes some-
what depending upon what kind of curve is being
traced. In Fig. 1, the configuration is that used for
plotting offset, the voltage between inputs versus the
output voltage. A similar configuration is used for
plotting gain. The main difference, in this case, is
that a dc voltage is produced internally and applied

The op amp curves in this article were taken using the
Tektronix 577 curve tracer. It is converted from a transistor
curve tracer to an op amp curve tracer by adding two inter-
changeable plug-on test fixtures. A single switch selects the
type of curve to be displayed.




to point A in Fig. 1 to center the display automatical-
ly.

The op amp to be tested is made part of a feedback
loop that tends to keep the positive input of the feed-
back amplifier constant (near ground potential) as

I. Op amp characteristic curves plotted on a curve tracer

Curve Vertical (Y-Axis) Input Horizontal (X-Axis) Input
Offset Voltage between inputs Voltage between
output and ground
Gain Voltage change between Voltage change
inputs between output and
ground
CMRR* Voltage change between Voltage between
inputs inputs and ground
+Input 1* +Input bias current Voltage between
+input and ground
—Input 1* —Input bias current Voltage between
—input and ground
+Supply 1 +Supply current +Supply voltage
—Supply 1 —Supply current —Supply voltage
+PSRR* Voltage change between +Supply voltage
inputs
—PSRR* Voltage change between —Supply voltage
inputs
+PSRR* Voltage change between +Supply voltage
inputs (tracking)

* The output voltage is held constant at close to 0 volts for these common.

mode rejection ratio (CMRR), input, and power supply rejection ratio (PSRR)

curves.

[1] In the configuration shown, the op amp curve tracer is
used for plotting offset. the voltage between inputs versus
the output voltage.
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the sine-wave sweep generator causes the positive
input to change. The amplitude of the vertical deflec-
tion signal depends on the amplitude setting of the
sweep signal. the ratio of the resistors between feed-
back and ground at the negative input of the op amp
under test. and the open-loop gain of the op amp.
Horizontal deflection is proportional to the output
voltage of the op amp.

Open-loop gain measurement

Figure 2 shows a nearly ideal gain curve. Input
voltage is plotted vertically against output voltage
plotted horizontally. Supply voltages are +15 and
—15 volts and load resistance is 20 kilohms. The
input signal (sweep) has enough amplitude to drive
the output into saturation in both the plus and minus
directions. Gain is equal to any output voltage change
divided by the input voltage change that causes it.
The slope of the curve at any point depicts the small-
signal gain near that point. The more horizontal the
slope. the greater the gain. In Fig. 2. the slope of the
curve between —12 and +12 volts is fairly constant,
signifying that large-signal gain is nearly equal to
small-signal gain. The output can swing between —12
and +12 volts before saturation gets significant. Satu-
ration occurs near the positive extreme at a slightly
lower voltage than at the negative extreme. Scaling
the horizontal and vertical distances between points 1
and 2 indicates that a 20-volt, peak-to-peak output
signal (—10 to +10 volts) was caused by a change of
slightly less than 0.10 mV between the two inputs.
Gain, therefore, would be slightly higher than 20 di-
vided by 0.1 X 10 3, or slightly more than 200 000.

Figure 3 shows the effect on the gain curve for the
same op amp when the load is 2000. instead of 20 000,
ohms. Not only is the gain different from what it was
in Fig. 2. it is radically different for different output
signals. If the op amp were to be used in an open-loop
configuration (an unlikely event), there would be se-
vere distortion at the output.

In the curve of Fig. 3, thermal feedback accounts
for the radical shape. With a 2000-ohm load. more
power is delivered to the load than was the case with
the 20000-ohm load and. as a result, the op amp
heats up more. Since the output transistors in the op
amp generate most of the heat. there is a higher tem-
perature rise at the power-transistor locations than
elsewhere on the integrated circuit. For slowly chang-
ing output voltages. the position of the hottest spot
shifts. depending upon whether the output is positive
or negative. Temperature gradients in an op amp af-
fect its response in a manner that is dependent on the
physical location of the different elements of the op
amp. The curve, therefore. is characteristic of the
lavout of the op amp, and will vary considerably from
manufacturer to manufacturer.

If the op amp output voltage swings between 0 and
—5 volts (points 3 and 4 in Fig. 3). the voltage be-
tween inputs will have changed by 140 ¢V (the verti-
cal distance between points 3 and 4). Gain iz 5 volts
divided by 140 ¢V, or 36 000. The minimum large-sig-
nal gain spec for this particular op amp with a 2000-
ohm load is 70 000.

When the output of the op amp swings from 0 to
+5 volts, the voltage between inputs will have
changed by 120 ¢V for a gain of 42000. The change in
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direction of the slope of the transfer function for out-
put signals between 0 and —3 volts, compared to out-

put signals between 0 and +5 volts, is important. If

the op amp is placed in a closed-loop configuration
where a gain of 1000 would result in an ideal op
amp. the gain will be high by about three percent
(1000 divided by 36 000) for 0- to —3-volt swings. And
the gain would be low by about 2.5 percent (1000 di-
vided by 42 000) for 0- to +5-volt swings.

This type of gain error cannot be compensated for
by the usual technique of slightly altering the ratio of
the feedback resistor to the input resistor. To do so
would improve the gain error for some small signals
but only at the expense of increasing the error for
other small signals. A sine wave amplified by such an
op amp would be compressed on one halt-cycle and
expanded on the other half-cvcle.

The slope of an imaginary line between points 6
and 7 of Fig. 3 is nearly horizontal, signifyving that
gain is very high for a 20-volt, peak-to-peak output
signal that varies between —10 and +10 volts. Since
there is less than 20 4V difference between points 6 and
7 on the vertical scale, gain is greater than 1 000 000 (20
volts divided by 20 uV). It is interesting to speculate
about a gain measurement made by a point-to-point
tester that measures the input voltage swing neces-
sary to obtain an output voltage swing from —10 to
+10 volts across a 2000-ohm load. Such a specifica-
tion is very common on data sheets. And it is mis-
leading since it implies high gain when, in actuality,
gain is very poor for small signals.

Figure 4 shows the gain curve for an op amp driving
a 20000-ohm load. The gain curve is linear but the

a0

slope is reversed from that in Fig. 2. This suggests
that, in an open-loop configuration, a positive-going
signal on the positive input to the op amp causes the
output to be negative-going. It is interesting to note
that a small amount of teedback to the negative input
terminal will actually raise the op amp gain. Figure 5
shows the gain curve for the same op amp as was used
for the curve in Fig. 4 with a 6.2-megohm resistor
placed hetween the output and the negative input,
(iain is raised to over one million. If the ratio of feed-
back resistance to input resistance is 100000 to 1 on
an op amp with an open-loop gain of 100 000, the gain
would theoretically go to infinity if the slope of the
gain curve was as shown in Fig. 4.

Figure 6 shows the gain characteristics of the same
op amp as used for Figs. 4 and 5 except that the load
was changed from 20 000 to 2000 ohms. The effects of
thermal feedback can be contrasted with those shown
in Fig. 3.

Note that with a 2000-ohm load there is still a re-
versal of slope. The open-loop gain measured between
+10 and —10 volts (points 8 and 9) is over 500 000.
Again that would be a deceptively high indication of
gain for most output signals from this particular op
amp.

The nonlinearities of open-loop gain curves indicate
the extent to which op amp gain will change for dif-
ferent size signals when used in a closed-loop configu-
ration. In applications where extremely good gain lin-
earity is important, one should look at curves, not
just at two points. It is sometimes possible to buffer the
output of op amps that won’t drive low-impedance
loads as linearly as necessary, once the curve tracer
has been used to measure the
actual characteristics of the op
amp.

Input offset voltage
Offset voltage is an impor-

tant parameter when an op
amp is used to amplify small
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[6] Gain. type 741 op amp, £15-voit sup-
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[7] Offset voltage, type 741 op amp,
+15-volt supply, 20 000-ohm load.

10 Corresponds to zero output voltage.

Figure 8 shows the result of using the same op amp
as was used for the curve in Fig. 7 but with negative
offset voltage at room temperature (middle curve).
The input offset voltage is about —0.35 mV compared
to +2.5mV for theop ampin Fig. 7.

To illustrate the effect of temperature gradients
with an op amp, one was tested under three condi-
tions. The top curve in Fig. 8 shows a great reduction
in offset voltage as the tip of a small 15-watt solder-
ing iron was held on one end of the dual-in-line pack-
age. The bottom curve was traced after putting the
tip of the hot iron on the opposite end of the package.
Regardless of how small the drift-versus-temperature
spec may be, it is important to consider how well iso-
lated the op amp will be from local sources of heat
that can produce a difference in temperature across
the integrated circuit.

Figure 9 shows curves for the same op amp as was
used for the curves of Fig. 8 but tested for offset with
three different pairs of supply voltages: +15 volts,
+10 volts, and %5 volts. Offset with the £5-volt sup-
ply is shown to be less than half of that for the *15-
volt supply. An interesting effect that was not part of
the test is apparent on the curves. The slope of the
curves becomes more horizontal as the supply voltage
is decreased. With 5 volts, for example, the gain is
much higher than for £15 volts.

Ottset null

There is a pair of terminals on some op amps that
is labeled ‘'offset null.” If a potentiometer is wired
between these two points, with the slider of the pot

connected to the positive voltage supply, adjustment
of the pot permits the input offset voltage to be ad-
justed to zero. When this is done, however, other
characteristics, such as common-mode rejection ratio
or power supply rejection ratio, may suffer or be im-
proved, or the offset null adjustments may be used to
optimize a characteristic that needs to be better than
what was specified.

Figure 10 shows three gain curves for one 741 op
amp with the offset null adjustment set for highest
gain (middle curve) and set at opposite extremes of
the potentiometer for the other curves. Input offset
bias was +15 mV at one extreme and —15 mV at the
other.

Common mode rejection ratio

The common mode rejection ratio (CMRR) of an op
amp can be evaluated and measured with a curve
tracer. Use of the null adjustment can improve the
CMRR, but when some other parameter is optimized
with the null adjustment, CMRR may suffer.

Figure 11 shows the CMRR of a type 741 op amp.
The change in voltage between the two inputs is plot-
ted vertically against common mode input voltage,
plotted horizontally. The output of the op amp under
test was held nearly constant at 0 volts while the test
signal exercised the op amp. The CMRR is fairly lin-
ear for input swings from —10 to +10 volts (points 13
and 14). The voltage between the inputs had to be
changed by about 0.4 mV to hold the output at 0
volts while the common mode input changed from
—10 to +10 volts. The CMRR is about 20 volts divid-
ed by 0.4 mV or 50 000.
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20 000-ohm load.

[10] Gain change with three offset null

adjustments, type 741 op amp, *15-volt
supply, 20 000-ohm load.
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[8] Offset voltage with temperature gradi-
ents, type 741 op amp, *15-volt supply.

[11] Common-mode rejection ratio, type
741 op amp, :£15-volit supply.

{9] input offset; type 741 op amp; *5-,
+10-, and £15-volt supplies; 20 000-ohm
load.

[12] Common-mode rejection ratio, opti-
mized with offset null adjustment, type
741 op amp, *15-volit suppiy.
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Using the offset null adjustment with the same op
amp, the slope of the CMRR curve was flattened, as
shown in Fig. 12. Between the —10- and +10-volt
points on the curve, the voltage between the inputs
has to be changed no more than 0.08 mV to keep the
output at 0 volts, This is comparable to a CMRR of
250 000. The offset voltage was changed from —0.35
mV to +1.3 mV to accomplish this improvement in
CMRR. It should be noted that this procedure will
also increase the offset voltage drift by about 3 uV,
°C/mV of offset.

Power supply rejection ratio

Power supply rejection ratio (PSIXR) may also he
plotted and measured with a curve tracer. PSRR
shows the effects that a change in power supply volt-
age may have on the output of an op amp. Either the
positive or negative supply may be changed to show
the effect, or both the positive and negative supplies
may be increased and decreased simultaneously by
the same amount to show the effect of that kind of
change. The output of the op amp is held close to
zero volts during these changes by applying the right
amount of voltage between its inputs. Input voltage is
plotted against power supply voltage.

In Fig. 13, the curve was traced with both the posi-
tive supply and the negative supply changing between
0 and 15 volts. The curve, however, shows only the
positive half of the total power supply swing. The
negative half is almost identical. Below about +2
volts there is not enough voltage for the op amp to
function normally. Points 15 and 16 correspond to the
5- and 10-volt supply levels and show that a change of

5 volts in the positive supply is comparable to about
0.8 mV of signal between its inputs. The ratio of 10
volts (%5 volts) to 0.8 mV equals 12500. That ratio
could be increased greatly by adjusting the null con-
trol to produce the curve shown in Fig. 14. For the op
amp used, the offset had to be changed from +0.4
mV to —1.5 mV to optimize the plus and minus
power supply rejection ratio.

Supply current vs. supply voltage

Figure 15 shows the symmetry and linearity of sup-
ply current versus supply voltage for a type 1156 op
amp. Only one supply voltage was swept at one time.
The top half of the display is produced as the positive
supply is swept from 0 to 15 volts. The bottom half is
produced as the negative supply is swept from 0 to 15
volts. Below about 1 volt in either direction, current
diminishes greatly and the op amp can no longer
function normally.

Figure 16 shows the curves for a type 308 op amp.
In this case, supply current is practically independent
of supply voltage from about 1 to 15 volts for either
polarity. The curves are produced by changing the
voltage between inputs enough to keep the op amp
output close to 0 volts as one supply is swept from 0
to 15 volts,

Input current

Input current may be plotted in relation to com-
mon mode input voltage. Either the current passing
through the positive input terminal or that passing
through the negative input terminal may be dis-
playved. Figure 17 shows both. Current at the negative
input (bottom curve) is shown
to be a rather linear function
v of commmon mode input voltage.
. y Sometimes the curves even
cross each other. Input current
for the positive input is 100
nA (point 17) and the current
for the negative input is 94

»‘-‘

nA (point 18). 6 nA less. In-

put bias. defined as the dif-

[13] £Power supply rejection ratio, type
1456 op amp.
1456 op amp.

[15] Supply current versus supply volt-
age, type 1456 op amp.

[16] Supply current versus supply volt-
age, type 308 op amp.

— ference hetween the two input
currents at 0 volts output, is
then 6 nA for this op amp. A
notable aspect of the display

[14] Power supply rejection ratio, opti-
mized with offset null adjustment,

type
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[17] Input current versus common-mode
input voltage, +15-volt supply.
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[18] Low-frequency noise versus source
resistance, type 741 op amp, *15-volt

supply.

[21] Noise from 50-ohm source, type 308
op amp, =15-volt supply.
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is the extra noise current that is present at the positive
input.

Chasing noise

It is interesting to see whether noise also shows up
when measuring offset voltage. Figure 18 shows offset
voltage measured two ways. The top curve indicates
offset bias is 3.3 mV, but noise is not evident because
the input resistances are only 550 ohms. When the
input resistances are 50 000 ohms. however, the indi-
cated offset bias goes down to 3 mV and noise again
becomes evident.

In Figs. 19 and 20, the vertical scale was changed
by a factor of 20 compared with Fig. 18. At this high-
er sensitivity, a dramatic difference between 50-ohm
inputs (Fig. 19) and 50 000-ohm inputs (Fig. 20) can
be seen clearly.

Not all kinds of noise show such a radical depen-
dence on input resistance. And it should be remem-
bered that, in the examples given, most of the noise
was associated with just the positive input to the op
amp.

A comparison of the effects of 50-ohms versus
50 000-ohms input resistance was made using another
type of op amp. the 308. The results are shown in Figs.
21 and 22. There is about a 1.5 to 2 times increase in
noise for 50000-ohm sources. The high-frequency
components of this kind of noise are evident in the
two displays. The approximate amount of peak-to-
peak noise can be seen to be slightly less than one
vertical division in Fig. 21. which is equal to only 10
uV.

One of the most interesting types of noise found in
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[19] Noise from 50-ochm source, type 741
op amp, £15-volt supply.

[22] Noise from 50 000-ohm source, type
308 op amp, £15-volt supply.
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[20] Noise from 50 000-ohm source, type
741 op amp, £15-volt supply.

[23] Popcorn noise, type 741 op amp,
+15-volt supply.
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op amps is so-called popcorn noise. The term is usu-
ally used to mean a type of noise that is characterized
by a fairly low average frequency and random shifts
between two discrete levels. Figure 23 shows an ex-
ample. Popcorn noise may take several seconds to be-
come evident and fast, point-to-point testers may
miss it completely.

Although the value of op amp curve tracers has not
been widely recognized, the examples cited in this
article will hopefully give the reader a feeling for the
usefulness and versatility of the instrument for this
particular application,

John Mulvey has been with Tektronix for more than
20 years working in the production. marketing. and |
engineering departments. He spent nearly six years
as a field engineer in Philadeiphia and Los Angeles
and. in recent years., had been providing technical
training and support to field engineers. He is the au-
thor of two Tektronix Concepts books—one on sam-
pling oscilloscope circuits and the other on semicon- |
ductor device measurements.

Jack Millay joined Tektronix in 1958 and has been
involved with component evaluation since that time.
He has managed the Curve Tracer Development |
Group for the past five years and is responsible for |

] the design of many curve tracer products. Prior to

doing instrument design work. he managed the Com-
ponent Evaluation Group. He has written many tech-
nical articles for a number of electronics journals
and for Tekscope. a Tektronix publication.
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Linking micr

Applications ——

oprocessors

to the real worid

A proper interface serves as communications traffic cop,
setting priorities and directing the flow of messages

Microcomputers promise the engineer new design
freedom. But, to harness the potential power of tiny
computer chips, he has to enter an often unfamiliar
world where software and circuitry must be skillfully
combined. In forging the connections between various
pieces of microcomputer system equipment, the engi-
neer faces a task that demands the full use of these
skills.

The box on this page reviews some of the basic
terms used to describe this interconnection, or inter-
facing process.

Starting on the next page, Paul Russo and Michael
Lippman describe how they designed the interfaces
for a microcomputer-based store-and-forward commu-
nications system. Their experience illustrates how in-
terfacing techniques can be combined to meet the re-
quirements of a particular system design.

Howard Falk Senior Associate Editor

What is a peripheral interface?

A Microcomputer system centers around a Micropro-
cessor unit, capable of performing logical functions
under the control of sequences of software instruc-
tions. Closely tied to the microprocessor is a Memo-
ry unit, capable of storing data and programmed
(software) instructions.

The rest of the system is made up of peripheral
units. Devices such as keyboards, teletypes, tape
readers, CRT displays, disk memories, and even
communications links, are all considered to be pe-
ripherals, when they are connected to the processor.

Data flows between the processor and the periph-
erals over a Data bus. Individual, binary data bits,
travel on this bus in groups called bytes. For most
microprocessors, a byte consists of 8 bits (however,
there are also 4-, 12-, and 16-bit processors). One of
these can be a parity bit, which may be added to

Databus

Microprocessor
and
memory

Control signals
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Taking a more general view, it seems important to
consider the overall role of a microcomputer interface.
The basic job of such an interface is to allow the
transfer of information, back and forth between the
processor section of the microcomputer system and
various devices such as communication lines, key-
boards, CRT displays, large memories, data collection
devices, and control actuators.

Since the processor usually talks to all its peripher-
als over only one or two main interconnecting busses,
the interface must insure that processor outputs reach
only the intended peripheral. In the reverse direction,
the interface must provide a means for information
from each peripheral to reach the processor without
interfering with other units hanging on the system
busses. In addition, the interface must reconcile any
differences between microprocessor and peripheral
timing. The microprocessor runs on its own internal
clock. Peripherals may, or may not, have internal
clocks of their own.

make the sum of the 8 bits in the byte either an odd
or an even number. This process can then be used
to check for possible errors in the data, caused by
noise or system malfunction.

The Peripheral interface is necessary to convert
the data from the processor format to one that is ac-
ceptable to the peripheral device, and also to per-
form the required conversion from peripheral to pro-
cessor data formats. The interface also reconciles
timing differences and relays processor instructions
in the form of control signals to the peripheral.

Flags—usually flip-flops—in the interface, are set
to inform the processor of significant current, periph-
eral conditions. /nterrupts are signals generated by
the interface to force the processor to take immedi-
ate action when the peripheral must have quick ser-
vice.—H. F.

Peripheral Peripheral
interface device
Control signals " )
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[1] Simple microcomputer input-output interface. Output
latches, an input multiplexer, and their controls provide the
elements needed to connect peripheral devices.

Data to peripheral devices
[ |
|

Output select
2 Output latches

Control Peripheral L - ) |
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Data bus — \
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Input select

Input multiplexer
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Data from peripherals

The interface usually handles timing problems by
temporarily storing data in shift registers or flip-flops.
Then, when the processor is ready to take the data
from a peripheral, the bits can be “clocked™ out of
this temporary storage by the processor clock.

Beyond the problem of reconciling data-transfer
timing, the interface provides means for the processor
to control peripheral actions and to get status infor-
mation from the peripherals. Most microprocessors
also provide one or more interrupt lines that the pe-
ripheral devices can yank, when they have an urgent
need for attention from the processor.

Latches and multiplexers are basic

A simple input-output interface arrangement is
shown in Fig. 1. Here, the bus from the processor
transfers data to the peripherals through groups of
flip-flops. called latches. A control signal from the
processor selects the flip-flop group in which each
segment of output data is to be stored, and each of
these groups is connected to a different peripheral de-
vice.

Data coming into the processor from the peripher-
als is fed into a multiplexer. Using input select sig-

Case history: store and forward

Here, in one system, are interfaces for
communications, a floppy disk, and a TV display

Interfaces were a central concern in our design of a
microprocessor-based store-and-forward system at
RCA, for international leased line communications.

We found it desirable to make a number of inter-
face parameters program-selectable, or programma-

Paul M. Russo, Michael D. Lippman
RCA Laboratories

Interrupt line COSMAC

>
>

ble. For example, in our communication link inter-
faces, transmission characteristics such as data rate,
stop-bit length, character length, and parity are pro-
grammable and can all be set by simple software in-
structions.

[A] System-interface interconnections. Linking the proces-
sor and the peripheral interfaces are a data bus, a control
bus, and special lines for: interrupts, cycle stealing, and
initial program loading.

Random access

processor

Data bus
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Address it )
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nals the processor can choose which input it wishes to
connect to its data bus.

Multiplexing is generally done by hanging a set of
logic gates on the data bus connected to the output of
each peripheral device. When enabled. a given
group of gates connect the desired peripheral output
to the data bus.

Tri-state gates are increasingly used for this func-
tion. In addition to the usual input and output signal
lines, tri-state gates have a special control line input.
When the control line is ON, the gate looks like any
other logic gate—that is, its outputs can be either in
the 1 or 0 state.” The added feature comes in when
the control line is OFF. Then the output of the gate
has a very high impedence. and looks almost like an
open circuit.

For the engineer who wants to connect many differ
ent devices directly to a single, common bus, the tri-
state gate is indeed a boon. It virtually eliminates the
need to deal with complicated impedance loading cal-
culations, and substitutes simple control line selec-
tion of devices, for what might otherwise be a more
cumbersome multiplexing procedure.

However, many logic designers don't yet feel com-

fortable connecting outputs directly together, in the
way made possible by tri-state gates.

Interfaces on a chip are appearing

Most I/O interfaces for microcomputer systems are
built up on integrated logic circuit packages. but
complete interface packages on a single chip are be-
ginning to appear.

Designing and producing a large-scale integrated
(LSI) chip is expensive, but many powerful features
can be packed into a small space. The idea is to pro-
vide one part that can be set to serve many differ-
ent interface functions. Then each peripheral device
can interact with the microprocessor through its own
interface chip. With one chip for each peripheral, the
volume use of the chips make the use of L.SI economi-
cal.

The Peripheral Interface Adapter (PIA), shown in
Fig. 2, was designed by Motorola Semiconductor
Products Inc. to serve peripheral devices, Data from
the microprocessor reaches the peripheral through ei-
ther of two [PPeripheral Interface Registers that con-
tain the necessary latches. Data from the peripheral
to the processor is gated directly onto the processor

Just how our design finally took shape will become
evident as we present a description of the system’s in-
terface hardware and software.

Moving messages through the system

Incoming messages enter the system through one of
two communications interfaces. Here the messages
are converted from a stream of bits into characters,
each contained in an 8-bit data byte. These bytes are
transferred, one at a time, into the system’s semicon-
ductor random access memory (RAM). When 232
bytes accumulate, they form a block of data.

The data block is then moved into the larger disk
memory, where it is held until needed for retransmis-
sion. Outgoing data blocks move from disk, to RAM,
to the appropriate communications line.

The RCA COSMAC microprocessor controls this
sequence of events with programs written to fill the
requirements of the overall store-and-forward com-
munication process.

The entire microcomputer system (Fig. A) consists
of a large-scale integratéed microprocessor, a 4096-byte
RAM, and five peripheral interfaces, each of which
use a group of integrated circuit packages, and serve
to connect different ‘‘devices” to the system.

The microprocessor makes both a data bus and a
control bus available to the peripherals. These busses
carry almost all the information that flows between
the processor and the peripherals.

Since several different interfaces are connected to
these busses, there must be a clear way to indicate
which interface is permitted to be active at any given
moment. The Select instruction performs this assign-
ment function.

Each interface has its own, unique selection num-
ber. For example, a Select instruction together with

the number 08 on the data bus, will activate the flop-
py disk interface. Once an interface is selected, it is
free to act on further processor instructions.

To control certain peripheral functions—such as
disk startup and head location, or communications
transmission speed—the processor issues a Set in-
struction. Other processor instructions are used to
test the state of external flag lines. These lines are
connected to flip-flops, set by the peripheral inter-
faces to indicate such conditions as readiness to read
or write, as well as faults and error conditions.

Three special lines allow the peripheral interfaces
to initiate system actions, without first getting per-
mission from the processor. By using the Interrupt
line, the communication interfaces demand immedi-
ate handling of incoming data &s it arrives on the
communications links, and an immediate supply of
outgoing data from the RAM, as it is needed for
transmission over the links. With the Cycle steal
lines, the floppy disk memory and TV display gain
direct access to the RAM so they can write into the
memory, or read from it, without software instruc-
tions. Finally, via the Load line, the system can be
reset and restarted—using a disk-stored program—
after a catastrophic failure or loss of power.

Inside the communications interface

When a communications interface has received an
incoming character from its communications link, it
raises the microprocessor interrupt line. At the same
time, this unit raises an external flag, EF1, to indi-
cate that a received character is available.

At the microprocessor, the interrupt causes the
ongoing program to branch to a special software rou-
tine designed to service interrupts. Since there is only
one interrupt line, the routine must first find out

Falk —Linking microprocessors to the real world
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[2] Interface on a chip. This flexible and sophisticated in-
terface was designed to connect a wide variety of periph-
erals to the Motorola M6800 microprocessor system. Two
sets of lines are used to send and receive peripheral data.

data bus.

The processor selects the peripheral device it wish-
es to talk to. by sending chip select control signals to
the PIA Control and Seleet Logic. Every peripheral

Controi “"es‘ interface chip in the system is selectively wired so
. | B T’eripheral "i(—’Al-— that these signals will activate only the interface that is
regoiz:er:r)A | direction interface | €A% selected. ]
| (| reetsterAl register A [T Other control signals from the processor atllow the
: 1 A T[] Deta processor data bus to reach any one of the six PIA
registers shown in Fig. 2. There are also signals that
Interrupts properly time the peripheral interface outputs to the
le—a— ] . processor and that reset’ ‘the.mterface circuits when
=<—B Chip il d peripheral s_vstem.p.m.\'er comes on. Two mter.ru.p.t lines allow the
| operation = - Y PIA to initiate needed processor activities.
logic i The PIA is capable of a wide variety of different
I Control : | operations, including several powerful. automatic
signals Control lines | modes. For example. a single command from the pro-
— —— ——k—'Bl-— cessor can send a data byte through the PIA to its pe-
~From Control ‘ dir?;ttiaon Piﬁ'épr?;cri' B2> ripheral on a handshaking basis. and the PIA will do
processor | register B | i register B register 8 [ all the necessary details of housekeeping completely
: o - T—r—‘ Data automatically.
I To get this kind of operation, the PIA must first be
Data bus ] } set up. by loading appropriate control bits in its Con-
fes | trol and Data direction registers. These registers are
which of the two communications interfaces sent the  cessor (for transfers in the opposite direction, a Write
interrupt, and then determine what kind of service is instruction is used). On receipt of the Read instruc-
needed. This information is obtained by testing to see tion, the interface places the received byte on the
which external flags are raised. ingoing data bus, and the processor clocks the byte
The actual programmed sequence in the interrupt into RAM memory.
routine includes a Select instruction for each commu- The system allows up to four external flags (EFs)
nications interface. After an interface is selected, its  for each peripheral interface, and the meaning of each
external flags are tested to determine the presence of these flags—or combinations of flags—can be dif-
and cause of the pending interrupt. Knowing the de-  ferent for each interface. For the communications in-
vice and its flagged condition, the processor issues an  terfaces, EF4 is set in conjunction with EF1 if the re-
appropriate instruction to service that condition. For  ceived character is erroneous (bad parity). When an
example, in response to flag EF1, indicating a re-  interface is transmitting data, EF2 is set to indicate
ceived byte of data is available, a Read instruction that the next character can be transferred. Finally,
would be issued to call for the transfer of a byte of
data from the communications interface to the pro-
[B] Internal functions of the communications interface. Two
of these interfaces are used in the system. One handles the
domestic traffic link; the other, the overseas traffic link.
Interrupt 12:‘?;:;;; <
line generator i v ¥
> Control Status | > c?itsal;ras; ——————> Control panel
Instruction > EEEISIE control
Control bus Hecoder . A
Data bus = |
H Command
. pcoase Universal -
Communications . Modem,
ool I8 Ik i communications
WEgAS (UART) interface link
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each set up by a single control byte (8 bits of data)
sent from the processor on the system data bus. Sepa-
rate control signals to the Chip operation logic specify
the register that will receive the first control byte.
When such a hyte is received, its bits set the registers
for the kind of peripheral operation that is desired.

For example, the Data direction register control
bits define whether data can flow into, or out of, the
system data bus lines connected to Peripheral inter-
face registers A and B. The data bus includes eight
parallel bit-lines and the direction of each of these
can be independently set.

Usually the “A” data lines are set to send data in
from the peripheral to the processor, while the “B”
lines are used to send data out to the peripheral. In-
deed the A and B sides of the PIA are specifically de-
signed to handle these data transfers efficiently. The
Control registers are set up to select the use of the in-
terrupt lines to the processor and the control lines to
and from the peripheral. One combination of control
bits in Control register B might set up control line B2
(see Fig. 2) to go low, right after a data word from the
processor is loaded into Peripheral interface register
B. The same control setup could also specify that B2

would remain low until a signal from the peripheral—
on line Bl —indicates that the data has been received.
Finally, the same control setup could relay the Bl
signal back to the processor, on Interrupt line B, to
call for another data word to the peripheral. With this
kind of automatic operation, the programmer can set
up the PIAs to handle peripherals with very simple
and fast software routines.

The PIA has two “interrupt’ lines going to the mi-
croprocessor. These can be set up as flag lines—pre-
senting information about the status of the peripheral
to the processor—or they can be set to be used as in-
terrupts, which demand the immediate attention of
the processor.

For situations where input-output needs don’t have
to be served immediately, polling techniques are
often used. In that case, the microprocessor is pro-
grammed to test the Control registers every so often,
for given logic levels on the flag lines, and when these
are found, it can leave its ongoing program temporar-
ily, to serve the peripheral device that needs atten-
tion. When peripherals require more immediate at-
tention, interrupts from the peripheral are used to
force the processor to branch from its ongoing pro-

EF3 is used to indicate special conditions, such as ab-
normal communication line operation.

While a given interrupt is being serviced, all other
interrupts must wait their turn. Priorities for servic-
ing interrupts are established in the processor’s soft-
ware interrupt routine. For example, the domestic
communications interface is always selected first by
the routine. Domestic data rates are usually higher
than international rates, and therefore the penalty for
keeping the domestic line waiting is greater. Like-
wise, Read interrupts are always given priority over
Write interrupts, because failure to read may result
in loss of data, but the worst penalty for failure to
write is time lost on an idle transmission line.

The interrupt-driven form of data transfer is well
suited to the communications function. Competing
functions and devices are easily queued; each input
character can be examined and processed as it is re-
ceived; new devices are easily added; and existing de-
vice priorities are easily changed.

The hardware that communicates

Communications interface hardware centers on a
large-scale integrated circuit—contained in a single
40-lead chip—that handles several key functions.
This circuit, called a Universal asynchronous re-
ceiver-transmitter (UART), converts data bytes from
the microprocessor into a stream of serial bits for the
communications link. The UART also performs the
opposite conversion, taking serial bits from the com-
munications link and shaping them into characters
for the microcomputer system. Actually, each charac-
ter consists of up to 8 data bits, and an odd-even par-
ity bit may be added. When called for, these parity
bits are generated by the UART as it transmits char-
acters, and the UART also checks the parity of in-

coming characters from the communications link.

Surrounding the UART are a number of functional
blocks implemented in transistor-transistor logic (see
Fig. B). The Interface program register provides the
means for microcomputer program instructions to
control the Clock and the communications mode
(half- or full-duplex). Flip-flops in this register select
speed-control lines into the clock to allow program
selection of bit-per-second transmission and reception
rates. The type of parity (even or odd), length of
characters, and number of stop bits used in serial
transmission are also under program control.

To connect the transistor-transistor logic (TTL)
circuits in the interface to communications link cir-
cuits, some matching is necessary. This is done in the
Communications link interface circuitry. For links
using RS-232 industry-standard data interfaces, volt-
age-level shifting of TTL signals is needed. For tele-
type links, output currents must be controlled to
specified levels. Some communications links require
that there be no direct ground connections. For these,
optical isolation devices must also be included.

Instructions to the communications interface from
the processor are received over the system’s control
bus and routed through the Instruction decoder which
interprets microprocessor codes and generates logic
signals that can be used to control the interface hard-
ware. Since some of these microprocessor codes come
over the system data bus, there is a Command decod-
er to interpret this added information. The Interface
status register indicates whether the interface is, or is
not, currently selected and thus allowed to communi-
cate with the processor.

The Control logic distributes all the appropriate in-
formation to the Interface program register, the
UART, and other parts of the interface. The external
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gram to one that will serve the peripheral as soon as
possible.

Interrupts and more interrupts

Most present-day microprocessors make some form
of interrupt capability available. But there are inter-
rupts and interrupts. Some processors just give the
user a single general interrupt signal to work with,
and that is often far from adequate. To handle the in-
terrupt properly, the system usually needs to know
where it originated and why it occurred.

Other processors, like the Intel 8008, use a single
interrupt line, but offer a somewhat more elaborate
capability. The user can code three bits, which allow
him to reach specified main memory locations. The
idea is to store the first instruction of an appropriate
interrupt-handling routine at each of these locations.
With three binary bits. up to eight different interrupt
routines can be addressed. The capability is called a
vector interrupt.

Some of the newer processors offer more than one
interrupt line. The National Semiconductor IMP-16C
microprocessors offer two lines —one is a vector inter-
rupt: the other. a general interrupt. Motorola’s M6800

flags that inform the processor of the interface cur-
rent status are placed on the system’s control bus by
the Interrupt and flag generator. This information
comes from the UART and Status register, which is
used by the UART and other circuits to record the
occurrence of such fault conditions as parity errors
and open communications lines.

The third major element of the system, in addition
to the communications interface and the microproces-
sor-RAM combination, is the floppy disk interface.

Stealing cycles for more efficient operation

The key feature of the floppy disk interface is its
direct access to RAM memory, without need for de-
tailed microcomputer program control. Using this di-
rect memory access feature—built into the COSMAC
processor—the disk can put data bytes into the RAM,
or take them out, without receiving even a Select

processor provides two interrupt lines, and the Toshi-
ba TLCS-12 processor has eight independent lines,
with a hardware-implemented priority scheme.

Of course. the system designer can usually make
his application work with a single, general interrupt
line, but there may be extra costs attached to his de-
sign. He may use external circuitry to handle priority
when several different interrupts occur together. That
will mean added equipment costs. He may be able to
solve the priority problem with software. But an in-
terrupt-handling subroutine takes time to handle the
job, and time can be a critical design parameter.

The capabilities of the interrupt lines give only part
of the design picture. Important also is the sequence
of events that occur when an interrupt takes place.

At that time. the processor is probably churning
away at ongoing program tasks. When an interrupt
occurs. the processor is supposed to complete the cur-
rent ongoing program step, and then drop everything
to take care of the interrupt.

The problem is. that after the interrupt has been
served, the processor is supposed to continue the
ongoing program just where it left off. To return to
this task smoothly, it is always necessary to store

command. In fact, it can transfer this data while the
processor is occupied with other tasks, such as talking
to a communications interface.

The direct memory access mechanism used here is
called cycle stealing. There are normally two micro-
processor cycles for each program instruction: a fetch
cycle, followed by an execute cycle. When the cycle
steal line comes up, say during a fetch, the processor
will complete that fetch, and the corresponding exe-
cute cycle, and then hold its breath for a one-cycle
interval before moving on with the next instruction,
fetch cycle. It is during these stolen one-cycle inter-
vals that data bytes are moved between the RAM
and the disk.

Before the cycle stealing can begin, a direct memo-
ry access address register must be loaded with the

[c] Floppy disk interface. Once set in motion by processor
commands, the disk speaks directly to the system’s RAM
memory using a cycle steal technique.
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something. Ideally it would be best to store the entire
state of the machine including the contents of the
arithmetic accumulator, and all registers, as well as
all of the flags that indicate the statuses of various
system operations. In practical terms, storing the
contents of a few key registers may be adequate.

Having stored the ongoing program status, the pro-
cessor is free to handle the interrupt. When finished,
it can retrieve the status information and smoothly
resume its ongoing tasks. This store-and-go operation
should, ideally. be as fast and simple as possible.

Some of the newer processors, like the Intel 8080,
Motorola 6800, and the RCA COSMAC, take care of
this store-and-go operation automatically, but with
other machines, the process may be more difficult.

For example, a simple store-and-go procedure is not
possible in the Intel 8008. After an interrupt. the 8008
registers that are used to reach the microcomputer
memory continue to hold address values needed by
the interrupted program. The user can get around
this shortcoming by reserving two of the processor’s
general-purpose registers to hold the contents of these
main storage address registers during the interrupt.
But this is awkward, because in addition to the time

first RAM memory address of the data block to be
read from, or written on, the disk. Then the register
is automatically incremented at each succeeding sto-
len cycle, until an entire block of 232 data bytes has
been transferred. And all the processor sees is a slight
slowdown, usually less than a 1-percent reduction in
the time available for its ongoing program activities.

Controlling the floppy disk

The floppy disks used in this system are 7.5 inches
in diameter. Data is recorded on one side of the disk
—coated with oxide material—which is made of flexi-
ble plastic. The disk is packeted in a paper envelope,
and a recording band, about one inch wide is accessi-
ble through the envelope.

During reading and writing the disk is “loaded,” so
that physical contact is made between the read-write
head and the disk surface. Since this causes wear, it
is desirable to unload the disk as soon as possible.
The disk rotates at 90 r/min, can store 1.4 Mb, and
costs about $5. Data can be transferred from the disk
at arate of 33 kb/s, and it takes an average of 560 ms
toreach a desired specific data block on the disk.

Each of the disk’s 64 concentric data tracks can
hold 8 complete blocks of data. And each of these
blocks begins with 16 bytes of synchronization infor-
mation, followed by 232 bytes of data, and capped off
by 8 bytes of trailing zeros.

This structure provides an 11-ms gap between adja-
cent blocks on the same track, and this gives the sys-
tem enough time to process the blocks one right after
another.

Data from the disk is always transferred to the sys-
tem’s RAM memory, before going elsewhere, and all
data stored on the disk comes to it from the RAM.

As with the communications interfaces, a Select in-

—
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lost for the necessary program steps. two of the SVS-
tem’s seven registers are then not available for pro-
cessing the interrupt.

A more acceptable alternative is to add enough ex-
ternal circuitry to supply a register that can hold
three bytes of information. By passing the contents of
the two storage address registers through the 8008’s
accumulator register, the contents of all three of these
registers—all the information needed to resume the
interrupted program-—can be stored in the new exter-
nal register.

Following the interrupt servicing process, the end
registers can be reloaded by using an input instruc-
tion to the external register. This process can be quite
efficient, in terms of the number of program steps re-
quired, if the external register is in the form of a push
down stack that can be both “pushed’” and “popped”
by a single instruction. However, it does mean that
added hardware—the external register—must be
used.

One-chip communications interfaces

In minicomputer and microcomputer systems, in-
terfaces with communications lines have usually been

struction—including the disk’s identifying number—
is used to initiate contact between the processor and
the disk. Four additional instructions are used to con-
trol disk functions. Locate A and Locate B specify the
disk storage location for each block of data; Start
loads the disk head and allows data flow to or from
the disk when the desired location is reached; Stop
unloads the disk when the desired data transfer is
completed.

To follow these disk control operations in more de-
tail, refer to the interface function diagram in Fig. C.
The Locate A instruction sends the desired track-
location number to the interface Control Logic, and
Locate B sends the corresponding sector-location
number.

Actually, the Locate B instruction serves a double
purpose since it also tells the control logic whether
data is to be written onto the disk or read from it.
This information, along with the current track and
sector location data, is stored in the Control Buffer,
where it is available until updated by new Locate A
or Locate B instructions.

When a Start instruction is received, the Control
Logic activates the Head Positioning Logic to move
the head into the position stored in the Control Buff-
er, and simultaneously loads the head into contact
with the disk.

After the disk mechanisms have had time to settle
to steady-state operation (delays to guarantee this are
generated by the Control Logic), the actual data
transfer is initiated by the interface itself. No proces-
sor instructions are needed during this transfer, which
is not complete until an entire block of data has been
moved.

When the disk is to be read, the disk head is first
loaded, the desired location is reached, and the read
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constructed of dozens of integrated circuit logic pack-
ages mounted on large boards. Development of stan-
dard Universal asynchronous receiver-transmitter
(UART) chips. each replacing 20 to 25 logic packages,
has considerably simplified this type of equipment.
The communications interfaces described by Russo
and Lippman in this article. illustrate a UART-based
design.

Recently. single-chip communications interfaces
have been announced and are expected to be on the
market soon. These large-scale integrated circuits
combine. in a single package. all of the functions
needed to connect a microprocessor system to a com-
munications link.

Motorola Semiconductor seems to have the most
sophisticated of these new single-chip devices. Called
the Asynchronous Communications Interface Adapter
(ACIA), this device operates with the Motorola
M6800 microcomputer system to provide software
control of a variety of interface functions. Serial data
flows from the communications link into a shift regis-
ter in the ACIA's Receive data register section (see
Fig. 3).

Here. incoming bits are assembled into bytes. to be

circuits are activated somewhere within the 16-byte
synchronizing pattern that prefaces the desired block
of 232 data bytes. The Sync Pattern Detector then
searches for the synchronizing pattern to determine
the exact moment when the first data bit in the block
is about to move into position under the read-write
head. This mode of operation allows large design tol-
erances on both the location of the head and on the
timing for reading and writing.

The Read-Write Logic frames the data bytes while
the disk is read. That is, it defines the beginning and
end of each byte as it appears in the serial stream of
one-bit read pulses from the disk. When it is time to
transfer a byte of data to the microcomputer RAM,
the Control Logic raises one of the cycle steal lines,
and the byte is then placed on the system data bus.
When data is being recorded on the disk, the Read-
Write Logic takes in each data byte and converts it
into a stream of one-bit write pulses to the disk head.

At the present time, the Read-Write Logic adds a
parity bit after every 8 bits it sends to the disk. When
the disk is read, these parity bits are checked to get
indications of errors that may have occurred during
the disk read operation. Since disk errors tend to
occur in bunches, or bursts, future system design
plans call for the use of burst error-detecting coding
techniques rather than parity bits. The savings in
available storage space should be substantial.

In addition to coordinating all the other disk inter-
face operations, the Control Logic sets the external
flags that notify the processor about disk conditions.
For example, a flag is raised when the interface fin-
ishes transferring a complete block of data to the
RAM, or when a complete block of data has been
written on the disk. By testing this flag, the micro-
processor program can decide when to change Locate

instructions, and initiate new Start instructions to
read or write additional data blocks.

As a convenience feature, the disk stores a boot-
strap program that can restart the entire microcompu-
ter system from scratch after power is lost, or after
some other unanticipated condition puts the system
out of commission. Any other program residing on the
disk can then be loaded using this bootstrap program,
eliminating the need for auxiliary program load de-
vices such as cassettes or paper tape, and greatly sim-
plifying system regeneration after a crash.

Less vital to the system than the floppy disk, but
still interesting from an interfacing viewpoint, is the
TV display.

Talking to a TV display

The TV can display text indicating communica-
tion-link fault conditions, and other system status
conditions. But experience has shown that its most
useful function is to display memory patterns; bit
patterns on the data bus; and other information for
diagnosis, test, and maintenance of the system.

A standard, unmodified TV set is used for the dis-
play which is refreshed from 128 bytes of RAM mem-
ory. This storage space is dedicated to the display,
and these data provide 1024 dots for the display. Like
the floppy disk, the TV display uses the direct memo-
ry access (cycle-stealing) capability of the system.

Every 60th of a second, the TV interface interrupts
the processor and asks for new information. The in-
terrupt routine then points to the beginning of the
128 bytes of RAM memory that contain the TV dis-
play data. These data are then sent to the TV inter-
face on a cycle-stealing basis.

Since only one peripheral device can be served at a
time by the direct memory access capability, the disk
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sent to the microprocessor on the system data bus.
Outgoing data moves from the system data bus to the
Transmit data register, where it is shifted out as a
stream of serial bits—with necessary added trim-
mings, such as start bits and parity bits—onto the
communications link.

Operation of the interface is set up by software, in
the form of a single byte of control information stored
in the Control register. Among the communications
parameters controlled by the contents of this register
are: the word length, parity (even or odd), and num-
ber of stop bits for each transmitted or received char-
acter.

It is interesting to note that Paul Russo and Michael
Lippman (see companion article below) also made pro-
grammable parameters a feature of their communica-
tion system interfaces. In fact. atter completing their
equipment. they felt that their floppy disk interface
would also have benefitted from the use of program-
mable parameters.

They found that this approach is preferable. in most
applications. to one that requires manual hardware
modification, whether this consists of logic modifica-
tion or simple strap selection. For their disk. they felt

and the TV cannot operate simultaneously. The disk,
vital to the main communications function of the sys-
tem, is given absolute priority over the TV. The re-
sult is that when disk and TV needs conflict, the TV
display may flicker or show a reset pattern for up to
about % second.

The lowest-priority peripheral in the system is the
manual keyboard used to enter data bytes (in the
hexadecimal code internally used by the system) into
the RAM memory. This provides a means to debug
and modify programs—for example, to change track
and sector numbers manually for floppy disk opera-
tions.
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parameters such as parity. block length, character
length. sector size. and head stepping-time could all
have been made program-selectable. The interface
would then have been capable of controlling a multi-
tude of different disk drives with only minor modifica-
tions to its hardware.

The ACIA contains its own clock. to time incoming
and outgoing data, and the rate of this clock is set by
control register bits. Here, control is limited to the
basic clock rate and rates of Yg and Y%s4 of the basic
rate. The control register contents also determine
whether or not an interrupt will be generated when
the receive data register is ready to communicate
with the microprocessor. Finally. the control register
provides for optional transmission of a break level
(space) on the communications link, sets the level of
request-to-send signals for controlling a communica-
tions modem. and enables or disables a ready-to-
transmit interrupt to the microprocessor.

The Status register stores the flags that notify the
microprocessor of important conditions at the inter-
face. These include indications that data has been re-
ceived from the communications link, and that the
transmitter is ready for data from the microprocessor,
as well as such error indications as overrun (data
coming in faster than it is being read) and parity
error.

The ACIA can be operated on a polling basis, in
which case the microcomputer program checks status
flags and initiates all transfers of data to and from
the interface. It can also be operated on an interrupt
basis. Interrupts to the microprocessor are generated
when the Receive data register contains a full byte of
data for the processor, and also when the presence of
a carrier is first detected on the communications link.

A second one-chip communications interface is the
Telecommunications Data Interface (TDD designed
for use with Rockwell International’s PPS microproces-
sor systems. Like the ACIA. the TDI accepts serial
bits from a communications link, converts them into
bytes for the microprocessor, and vice-versa. while
taking care of formatting, parity, and other communi-
cations housekeeping chores.

A unique feature of the TDI is the inclusion of a
full modem on the same chip as the interface circuit-
ry. The 1200-b/s modem is designed to drive a tele-
phone line through an operational amplifier.

The TDI generates interrupts when the transmitter
register is empty and when the receiver register is
full. These must be followed hy microprocessor in-
structions to test the source of the interrupt. From
one to eight characters may be transmitted or re-
ceived within a single pair of start and stop bits, al-
lowing very flexible formats.

Parameters like bit-rates, parity, and word length
are set by wired-in circuit straps and cannot be
changed—as they are in the ACIC—by program in-
structions.

Reprints of this article (No. X74-091) are available at
$1.50 for the first copy and $0.50 for each additional copy.
Please send remittance and request, stating article number,
to IEEE, 345 E. 47 St.. New York, N. Y. 10017, Att: SPSU.
(Reprints are available up to 12 months from date of pub-
lication.)
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— Rail transportation

Electronics and
Swiss railways

Switzerland’s rail system designers’ bag of tricks ranges from
wayside signals to sophisticated telecommunication and automation

The Swiss rail network has become as sophisticated
in its services to its passengers as any in Europe (see
the first of this two-part series in the August Spec-
trum, pp. 44-54). Though less extensive, Swiss subur-
ban commuter and urban transit systems are equally
advanced. Why? Speed and traffic density have ne-
cessitated a radical upgrading in design sophistication
of signaling, safety, and telecommunications systems.

Rail vehicle automation

The obvious answer for meeting increasingly rigor-
ous performance criteria—the needs for more rapid
acceleration and deceleration and for decreased train
headways, for example—was to transfer the train con-
trol operations from the driver to a compatible auto-
matic train supervision (ATS) system.! Accomplishing
this objective permits the driver to focus his attention
more completely on the visual monitoring and sur-
veillance of the track ahead and the wayside signal
system.

However, at speeds over 125 km /h, the driver’s task
of accurately observing wayside signal aspects can be-
come very difficult, especially under adverse weather
conditions.

Brown, Boveri Company engineers at Oerlikon indi-
cate that the current policy of the Swiss Federal Rail-
ways (the Schweizerische Bundesbahnen, or SBB) is
to keep the driver in manual control of his train while
the ATS continuously checks his operations. The pri-
mary task of the ATS is to indicate to the driver the
permissible zone speed and/or speed restrictions in
heavily trafficked sections and interlockings. These
engineers feel that full automatic train operation
(ATO) is not yet feasible for Swiss mainline trains,
but they foresee its near-term application to S-Bahn
systems (which will be discussed later in this article).

Nevertheless, the establishment of command and
control speed and braking programs, routing, and sta-
tion-stop scheduling, which will be transmitted from
fixed stations, is proceeding apace with the ultimate
goal of mainline ATO in mind. In such a configura-
tion, both on-board and fixed-station computers will
be the central components. The telecommunications
link for this projected system must function univer-
sally for various classes and vintages of locomotives
and train sets under all climatic conditions (and Al-
pine winters can be very rough'). Further, the signals
must be capable of being transmitted through long

Gordon D. Friedlander Senior Staff Writer

tunnels (see Box, p. 75)-—and, especially, the spirals.
Therefore, the SBB selected a special continuous-
cable track conductor for its circuits. As of the end of
last year, 30 km of such conductors were installed
along a section south of the St. Gotthard tunnel.

A basic ATC system layout

Figure 1 is a block circuit diagram illustrating the
basic principles of an automatic train control system
and showing the basic layout of speed-control and
braking subsystems.2 In operation, the driving switch,
or master controller, provides to the speed regulator
(1) the difference V, between the desired speed V.
and the actual speed V. Beyond the speed regulator,
the configuration divides into the motor-current-con-
trol circuit (top) and the braking circuit (bottom).
The speed regulator furnishes the required value cur-
rent I., which is a dependent variable of the differ-
ence (V,) between desired and actual speeds, and this
current is fed into the motor-current-control circuit.
The speed regulator also supplies the pneumatic-
brake pressure reduction P,. in the brake-control cir-
cuit subsystem.

The motor-control circuit comprises the
e Motor-current controller (2), which acts on the
tap-changer position §

e Tap changer, with transformer taps (3) supplying
the motor voltage U,
e Traction motors (4)

The current controller regulates the motor current
to the desired value I..* By limiting the value of I,
the motor current can be easily restricted to the max-
imum permissible value both for running as well as
for regenerative (dynamic) braking, because the con-
troller can only reach the maximum desired value of
the motor current.

The brake controller (5), which gives the required
pressure F’. for the main line of the air brakes, is lo-
cated in the brake-controlled branch, together with
the electropneumatic pressure transducer (6). This
last-mentioned component converts the desired P, to
the corresponding pressure P in the compressed-air
line. The subsystem also includes the compressed-air
brake (7). which is applied throughout the train.

The brake controller ensures equalized and uniform
application and release of the air brake to attain the
desired pressure reduction P,.. Further, it is inter-

* For traction, or running, operation, the value of I, is positive (+),
and negative (—) for regenerative brake operation of the traction mo-
tors. The motor-current controller must also act on the reversing
brake-changeover switch (not explicitly indicated in Fig. 1).
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esting to note that the characteristics of the speed
regulator for the two desired current and pressure re-
duction values (/. and P, ) are so coordinated with
each other that the air brake does not engage until
the electric regenerative braking force is insufficient
to maintain the speed difference, or deviation (V.),
within allowable limits.

The traction motors thus supply the regenerative
braking force Z, while the mechanical force Z, is fur-
nished by the air brake. The resultant force (Z,) acts
on both the traction vehicle (locomotive) and the
train loading, or trailer cars (8), and these two vari-
ables determine the traveling speed V.

A practical example: if a train proceeds from a
level section through a transition into an ascending
grade, the climbing resistance W', will increase.t
thereby initially causing the speed V to decrease.
This speed change is immediately measured by the
speed regulator, and the required value for the motor
current /. is increased. This is the reason why the
motor-current controller regulates the motor current /
by notching up the tap changer to a higher position;
thus, the tractive effort Z is increased and the speed
Vis maintained constant.

However, if the train enters a downgrade section,
the traveling speed V will initially increase a bit. But
the speed regulator reacts instantly to this speed
change by a reduction of I.. This, in turn, causes the
tap changer to be switched back, the reversing and
brake changeover switch are set to braking mode, and
a brake stage is selected that will maintain the speed
at an almost constant value. If the electric regenera-
tive effort is not enough, the air brake is also auto-
matically cut in.

The desired speed value V, is increased or lowered
for acceleration and deceleration, respectively. The
speed regulator then monitors I, or P,  so that the
speed V follows the value of V,. as closely as possible.

This procedure has been tested with prototype
equipment. With certain modifications, it can be
used for multiple-unit operation (two or more traction
vehicles used in tandem). The lead traction vehicle
handles the entire regulation and control operations
in this mode, with the exception of the motor-current
controller; the other components are locked out in the
remainder of the traction vehicles.

The SBB has also installed on the Gotthardbahn an
ITT-built (Standard Elektrik Lorenz AG) CATC sys-
tem, called CORECT, similar to that which is in opera-
tion in Germany between Hamburg and Bremen. The
first portion (24 route kilometers) of the CORECT sys-
tem will go into service before the end of this vear.

Signaling and communications

Similar to the system employed on the German
Federal Railways (see “‘Germany automates its rails,”
Spectrum. July, pp. 73-77), track circuits are used
for wayside-to-train and train-to-station communica-
tions. Coded information is transmitted from wayside
stations to trains at a frequency of 30 kHz. The opti-
mum transmission rate is 1200 bauds per second.

In the supervisory sections, which are usually 12
km long, the fixed station must have the following

t The effect of the catenary voltage ', on the motor voltage /,,, to-
gether with the climbing resistance W', of the line section acting on
the traveling speed 1 are both *disturbance values.”

Friedlander  Electronics and Swiss Railways

Workhorse of the Swiss railways. the SBB Ae 6 '6 engine
develops 4480 kW with speeds of about 120 km/h. In the
foreground is a dwarf signal. located at each station switch
to indicate route settings and shunting movements for in-
coming and outgoing trains.
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characteristics and data from each train in its control
area in order to calculate permissible speed, headway,
and safe-braking distance:

1. Type of train (freight, local passenger, or express
passenger)

2. Weight and length of train

3. Total number of axles

4. Total braking capacity (electric regenerative and
pneumatic)

5. Instantaneous speed and location of train.

In the SBB philosophy, the primary task of tele-
communications and automatic control is to keep the
traction vehicle driver continuously aware of the per-
missible speed in all supervised zones, and to rely on
a combination of wayside signal aspects in both su-
pervised and unsupervised zones.

Marshaling yard at Chiasso

The Chiasso marshaling yard at the southern end of
the main railway route from northern and western
Europe to Italy is one of the most important facilities
of this type on the Continent. The yard was com-
pletely rebuilt and extended in 1964-68. It receives
70-80 merchandise trains daily; thus, a total of 3000-
4000 freight cars are remarshaled in every 24-hour pe-
riod. The yard comprises 23 siding tracks (Fig. 2).

One of the problems inhibiting yard expansion at
Chiasso is the terrain: it lies in a narrow valley
hemmed in by mountains to the east and west.
Therefore it was not possible to build independent
north- and southbound yards; hence, a single unidi-
rectional yard was designed to cope with traffic in
both directions. One of the principal features of the
layout is a large semicircular loop that brings north-
bound trains from Italy along the west side of the val-
ley and into the receiving sidings at the yard’s north-
ernend.

The original shunting capacity of about two freight
cars per minute was not fast enough for the large
number of trains that had to be processed by interna-
tional customs examination, documentation, and re-
routing. The only answer to breaking this ‘‘log jam”

[1] Regulating circuits of an automatic train control system,
including speed-control elements.
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5 Brake controller
6 Electropneumatic pressure transducer

3 Tap changer and transformer tappings 7 Compressed-air brake

4 Traction motors
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8 Traction vehicle and train loading

of traffic lay in the semiautomation of many proce-
dures, with a long-range objective of full cybernetic
control. As a first step, the yard was divided into siding
groups, identified by letters, as shown in Table I.

Because of the difference between the 15-kV,
1625-Hz, and 3000-volt dc electric traction systems of
the SBB and Italian State Railways (FS), respective-
ly, special switching arrangements are required at the
arrival sidings. In section L (Table I), for example,
tracks 1 to 4 are only energized at the SBB’s 15 kV,
but tracks 5 to 11 can be energized at either 15 or 3
kV—the voltage being switched from the signal-con-
trol panel in the Chiasso cabin.*

Control, supervision, and automation

A new signaling installation is now functioning in
the Chiasso cabin that controls the marshaling yard
and the 3-km-long approach track from Balerna
(northwest of Chiasso). Siemens-built entrance/exit
panels are provided for route-setting in the yard area.
A main control and supervision panel is under the
surveillance of the inspector in charge of operations.
This panel controls the receiving sidings in group L,
the block section to Balerna and to ‘“‘Chiasso No. 4
signal box’’ (the Italian wayside station controlling
the south end of the Chiasso passenger station), with
override control of connections to group U, the hump
in section K, and the connections in sidings in groups
N,O, P, R, S, and Z (refer again to Table I).

Subsystem, or auxiliary, panels, can be operated by
signalmen independent of the main control board
(under supervision of the inspector), and are used for
route-setting and shunting movements in various
parts of the yard. One such panel controls sorting sid-

* The Swiss end of section L is energized only at 15 kV; arriving Ital-
ian locomotives (whose operation is compatible only with 3000-volt
dc on the catenary) lower their pantographs, after coming to a full
stop. They are then uncoupled from their trains and hauled away by
a Swiss diesel-electric yard shunter; then, the FS electrics are re-
turned by the shunter to track 11, where the catenary is energized at
the required 3000-volt dc level.

I. Identification and use of Chiasso sidings
ID Letter

Code
(group) Use

C Departure sidings to the north and south

K Hump area

L Receiving sidings for trains from the
north and south, and departure of
block trains to the north

M Sundries traffic, north-south

N Sorting sidings for south-north traffic

0 Sorting sidings for north-south tratfic

P Customs group, with accommodation for
cars destined for goods sheds 10-13 in
group Z (see below)

R Customs group, with handling facilities
for fresh meat

S Customs group, with cattle dock

T Subsidiary sorting sidings

u Holding sidings for cars or trains that
have arrived ahead of customs-
clearance documents

\ Car repair shops

4 Sundries group, south-north

IEEE spectrum SEPTEMBER 1974



ings N and O; also the transfer sidings in group T,
and the goods shed sidings in section M. Another
auxiliary panel handles sorting sidings in group P, the
customs group sidings in R and S, and the goods shed
in group Z. A third subsidiary panel covers shunting
movements in sections L. and U. An independent sin-
gle-panel board controls the hump and the connec-
tions to sidings N, O, and P (for humping action of
cars), A second independent panel is used to control
the track brakes (horizontal squeeze-action speed re-
tarders set in the track that press against the wheel
flanges). The retarders are applied automatically
when a car passes over them, but they are released
manually by pushbutton on the control panel.

A degree of automation is applied for hump route
setting. For example. after a goods train arrives in the
receiving sidings (L.). the shunter examines the train,
uncouples cars as necessary, and makes out a ‘“‘cut
card’” (a sheet noting how the train is to be broken up
and how the cars are to be reassembled and incorpo-
rated as part of other trains). The cut card is trans-
mitted, via pneumatic tube, to the teleprinter office
where a copy of the cut list is typed out simulta-
neously with the production of a punched-tape record.
A copy of the typed cut list is then sent to the operat-
ing floor of the Chiasso cabin where the hump opera-
tor sets up the pushbutton program to execute the or-
ders on the cut list. The hump-route order is set up
for an entire train, and the routes are stored and exe-
cuted automatically as each cut passes over the
hump.

In addition to normal loudspeakers and telephone

equipment in the yard area. considerable use is made
of two-way radio communication between shunters on
the line and the shunting locomotives in the vard.
Radio communication is also provided on mainline lo-
comotives and in freight train cabooses, although the
broadest range is limited to immediate wayside sta-
tion or signal-cabin areas. There is also two-way radio
contact between intermediate stations along the Got-
thardbahn and on-board train crews.

The semiautomation of the new Chiasso marshaling
yard has reduced the locomotive shunting time from

10 to 15 percent, and has permitted a cut of 40 staff

personnel in the yard area. The net annual savings on
the new operation are estimated at about 3 million
Swiss francs (about $1 million). Operation of the new

yard has expedited the passage and clearance of

freight trains across the Swiss-Italian frontier; this, in
turn, has increased the capacity of the entire Got-
thardbahn. Freight trains no longer need to be held at
sidings and intermediate stations for the conventional,
time-consuming clearance formalities at Chiasso.

ATO for Swiss U- and S-Bahn systems

At the present time, automatic train operation
(ATO) for urban underground and mass-transit sys-
tems is in the planning and developmental stages.3
Criteria for a comprehensive configuration for full au-
tomatic operation of such transit schemes could in-
clude
e Maintenance of the proper interval (headway) be-
tween trains for passenger safety
e Automatic train dispatching from terminals and

[2] View of the Chiasso marshaling yards on the Swiss-Italian border. Here, an ever-increasing
degree of semiautomation in customs clearance and reassembling and routing of trains exped-

ites the arrivals and departures of international trains.

Friedlander - Electronics and Swiss Railways
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Legend:

1. Central control with
a: computer room containing 2-5
b: control room containing 6-14
Train running—protection computer
. Operations computer
. Interface
Transmission system
Telephone
. Closed-circuit television transmitted from stations
Computer display
9. Computer output
10. Computer input
11. Commands to and information from stations
12. Telephone link with trains through line conductor
13. Manual input to central signal box
14. Information from central signal box
15. Centraf signal box containing 16-20
16 Points control
17. Dwarf signals
18. Substitute signals
19. Points heating
0. Track—current circuits
2la, b. Stations containing 22-29
22a. b. Destination display and announcement
23a. b. Lighting, ventilation, escalators, etc.
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b. Fixed-point stop check
b. Television cameras
26a, b. Transmitter
b. Television transmission
b. Telephone
a, b. Emergency—stop equipment
30. Line conductor
31. Coaxial cable link for:
telephone
television transmission
station supervision
32a, b. Signalling equipment outside the stations
33. Cables to signal boxes
34. Traction—vehicle equipment, including 3544
35y, 352. Aerials for data transmission
361.362. Aerials for emergency stop at station
37. Telephone aerial
38. Data transmitter
39. Telephone transmitter
40. Processor
41. Cab
42. Automatic door—closing device
43. Visual display
44. Announcements

[3] General arrangement of a fully automatic control system (ATO) prototype design for urban
rapid transit (S-Bahn) and underground (U-Bahn) railways.

intermediate stations in accordance to schedules—
and the determination of optimum train running
time

The Swiss philosophy in going to ATO in U- and
S-Bahn operations is primarily aimed at maintaining
uniform train speed with maximum reliability and
safety. In densely trafficked urban and suburban
commuter operations, where trains may run on head-
ways from 1.5 to 5 minutes during peak-hour periods,
and 5 to 15 minutes on off-peak hours, the main con-
cern is not with rigid adherence to timetable sched-
uling, but rather with handling efficiently the volume
of traffic by improving the throughput capacity of a
line during the peak periods.

The individual wayside and on-board components
shown in Fig. 3 include

1. Fixed installations in a central control room that
provides necessary data for each train

2. Transmission equipment for the transferral of
information between central control and all trains op-
erating on the system

3. On-board data-processing equipment that con-

tains automatic monitoring/braking control capabili-
ty

4. The appropriate electronic gear for centralized
traffic control at stations, and also embracing com-
piled operational data for each station at central con-
trol, transmission equipment between central control
and all stations, and EDPs at all stations

Finally, the display unit (Fig. 4), similar to the ver-
sion used on the German Federal Railway (see also
Fig. 3, p. 75, Spectrum, July 1974), has three strip
indicators: one for the actual speed of the train,
one for the set speed as transmitted from central con-
trol, and the third for the target distance (in meters)
at which the set speed must be reduced. Note that
the target speed in Fig. 4 (callout 5) is given in digital
readout form. A series of symbols (7) and (8) are em-
ployed to indicate the reason(s) for the speed reduc-
tion.

However, Brown, Boveri engineers and the SBB
feel that ATO is a new concept and that no urban or
suburban transit system anywhere (even BART!) has
had a backlog of practical experience in the routine
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Legend:
1. Actual speed 5. Target speed starting command — faster, slower, steady

2. Set speed 6. Time
3. Maximum speed of traction vehicle

4. Target distance

7. Additional information,
such as unoccupied stations

neutral section route
display—left or right
speed display—

8. Target
9. Check lamps
10. Lighting setting

[4] Display unit for traction vehicles with continuous automatic train control (CATC). This unit is
similar to the type used by the German Federal Railway (DB) that was illustrated in the July

Spectrum article (pp. 73-77).

operation of such a system. Thus, with the eventual
introduction of ATO into Swiss railways, initial oper-
ation would require a motorman or operator in the
train’s cab, together with a visual display unit such as
that in Fig. 4.

Electronic reservations

By the summer of 1970, the SBB had installed a
comprehensive electronic seat and sleeping car reser-
vation system that is essentially comparable to that
installed in Sweden (see Spectrum, March, p. 63).
Germany. and other Furopean countries. Forty SBB
railway stations and 27 private travel agencies in towns
and cities throughout Switzerland are equipped to
handle electronic place reservations (EPR) for train

passengers bound for both domestic and foreign des-
tinations.

The principal component in the EPR system is the
256K -byte IBM 360/40 computer in the reservation
computer center. A four-disk memory storage can
hold about 1 million available place reservations. If a
reservation is made at any of the Swiss railway sta-
tions equipped with terminals, a seat reservation can
be made quickly and efficiently.

In describing the SBB’s electronic reservation sys-
tem, let’s take a hypothetical example:

You are a traveler who wishes to take a train from
Zirich’s Hauptbahnhof (main station, or “HB™) to
Como, Italy. Although it is late in September, Como
is still a popular tourist area. The express train you

f Transition to automation

A top-priority objective of the SBB is to conduct nor-
mal railway operations with a reduced number of
personnel. However, this is not a plan that would
tend to increase unemployment among workers. Par-
adoxically. Switzerland is one of the few countries in
the world that suffers from “negative unemployment”
—more jobs available than there are applicants!

As its operations continue to expand. the SBB is
confronted by the difficulty of recruiting new raitway
employees. Thus. automation is a logical solution to
the problem. Telecommunications and radio control
are the first steps in this direction. Fixed-station con-
trol points are being established along mainline
rights-of-way. Also. contrary to the practice in the
U.S., there is only one man in the cab of a Swiss lo-
comotive —the driver; and his degree of versatility
must be unusuaily broad. For example, a qualified
locomotive driver is expected to handle any ma-
chine—from the now-antiquated Be 6 '8 "Crocodile”
(that was built in the 1920s) to the latest Re 6/6. In
fact. my host Beat Steiner of BBC told me that the
young man driving the four-current deluxe TEE train
“Gottardo” (see last month's issue of Spectrum)
might very well be next assigned to an Ac 4/7 (built
in the 1930s), at the head end of a freight train.

L Thus, the incentive to automate lies in the fact

~

that the machine will not displace nonexistent per-
sonnel in unfilled jobs! Furthermore. labor unions in
Switzerland do not have the powerful influence that
they enjoy in the U.S. So, the resistance to automa-
tion is practically nil. Nevertheless-—and perhaps
again paradoxically—the Swiss. because of their dif-
ficult terrain for railway operations. place much more
faith in human control than machine control for deci-
sion making in emergency situations. Therefore,
complete automation will probably proceed more
slowly than in neighboring countries.

The foreseeable areas in which automation will
eventually play a large role are
e The projected high-speed line between Otlten and
Bern. This will be an additional right-of-way. with
trains operating at speeds between 140 and 160
km/h. It will serve to relieve the heavily trafficked
existing freight train route in this area that has inter-
fered with passenger express trains.
e Extension of S-Bahn projects. especially in a
50-km radius of Zurich.
e The building of center-city to airport mass-transit
systems, such as the new Zurich-Airport line, which
will be incorporated into the SBB system.
e The introduction of automatic coupling at mar-
shaling yards and freight depots.

Y
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Offices equipped with a reservation desk

40 Railway stations

27 travel agencies

Teleprinter

Numeric
encoder
(telephone dial link)

Teletypewriter/teleprinter

L

1 1)

= . &
Reservation
input terminal
timetable
Records
Ordering
Special
) situations

Computer center for reservations

IBM 360/40

Communications with
foreign rail systems
(telecommunications)
such as FS (ltaly),
OBB (Austria),
SNCF (France),

DB (West Germany), etc,

BERE 7 RRAL

S8B

31 ZUERICH HB SALSBURG

26.09 301

Seat reservations

[5] Automated system for seat and sleeping-car reservations presently in use at 40 railway sta-
tions and 27 travel agencies in Switzerland. Note the telecommunications links to the railway

systems of bordering countries. At

the lower left is a typical reservation marker that is simulta-

neously printed out for placement in an appropriate slot aboard the train; it corresponds with the
most pertinent information on the reservation slip issued to the passenger.

want to take runs from Zurich to Milan. This, plus
the fact that it is a deluxe TEE train that departs at
8:49 a.m., means that it will also be favored by busi-
ness men on a one-day roundtrip between these ter-
minal cities. Therefore, to ensure a seat, you go to the
reservation window at the Hauptbahnhof and stipu-
late the number of vour train, its scheduled departure
time and day, and the number of seat reservations re-
quired. You may also specify the class* (first or sec-
ond on regular trains) of the coach, whether you wish
a smoking or nonsmoking car (or section in a car),

* TEE trains carry only first-class accommodations.

and whether you prefer a window seat.

This information is keyboarded by the attendant on
his terminal console, and the teletyped request is
transmitted via telephone or private leased lines to
the computer center. In a matter of seconds, the com-
puter will advise whether or not your reservation can
be honored. In the event there is space, you will be
advised to step over to a nearby window, where a
teletvpewriter is printing out your reservierung-
sauswels (seat reservation card). At the same time,
another teletypewriter is printing out the reservation
marker (Fig 5), corresponding to your card, that will
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i The long tunnels

One of the problems in telecommunications, auto-
matic train control. and wayside signal automation is
to be found in the story of three of the worid's lon-
gest tunneis—and how to ensure fail-safe operation
of electronic equipments in bores of such great
length. In chronological order of their construction,
they are

St. Gotthard

The valleys of the rivers Reuss and Ticino form a
natural north-south cleft. or pass. crossing the main
Swiss Alps in one “jump.” This topographic feature
indicated to railway engineers—as far back as the
mid-19th century—an ideal rail route for heavy
goods and passenger traffic flow from the English
Channel ports, and technologically oriented Germa-
ny. to the industrial areas of northern Italy. notably
Milan and Turin.

The 15-km-long tunnel pierces the massifs be-
tween Goschenen, on the north, and Airolo, on the
south. Its construction began in 1872 and was com-
pleted in 1881. It was. perhaps. the most daring and
dramatic engineering feat accomplished in the latter
half of that century.

In those predynamite days. black powder was
used for blasting, and steam drills were employed for
the rock boring. As might be expected in such an
unprecedented project, many lives were lost among
the Swiss and Italian workmen as unexpected geolo-
gic anomalies and rock spalls caused cave-ins and
flooding during the nine-year-long endeavor. To ven-
tilate the tunnel adequately for the steam traction of
the day, large blower stations were installed at both
L portals. The first steam-locomotive-hauled train

passed through the bore on January 1, 1882.

Simplon

o

The initial construction of the world's longest tun-
nel (20 km) between Switzerland and Italy began in
1898. By the turn of the century. engineers realized
that the elaborate ventilation system devised for
steam-locomotive traction would be impracticabte for
a tunnel of such great length. The Brown, Boveri
Company at Baden then made plans for the imple-
mentation of three-phase ac traction. The first elec-
trically hauled train passed through the bore on June
1, 1906.

The further extension of the electrified SBB line to
Lausanne was delayed until 1923, when single-phase
15 kV, 16 2/3 Hz began to replace the original
three-phase system.

Lotschberg

The third great tunnel, the Lotschberg, was autho-
rized in June 1906. This tunnel, unlike the other two,
has a pronounced "S-bend’ that starts shortly south
of the northern portal. The reason for this departure
from the original plan was the disaster of July 24,
1908. when 25 laborers were buried under an ava-
lanche of mud and water that cascaded upon them I
after the detonation of a string of dynamite charges.
This accident stopped further construction for six
months, pending an investigation. It was finally de-
cided to abandon the flooded section and to divert
the bore clear of the scene of the mishap by running
the line eastward (hence the bend). This made the
tunnel 800 meters longer than had been originally in-
tended.

On July 15, 1913, the BLS was opened for full ser-
vice from Bern to Brig, completing, via the Simplon

tunnel, the link with Italy.

= w—

be placed either in a frame in your compartment’s
corridor or, in this case, since you are traveling in a
TEE “électromotrice’” six-car train set, the card will
be placed in a slot directly at your seat.

Since your journey is aboard an international TEE
train, you can sit back and relax, because your reser-
vation is not subject to change or cancellation at the
[talian frontier. However, if you plan to travel on a
regular train whose cars will cross the border onto an-
other country’s railway and traction system; say, for
example on a trip from Zirich to Salzburg, it may be
necessary for the computer center to transmit a re-
quest for a continuation of your Swiss reservation into
Austria; or, if necessary, a second reservation may
have to be made for a seat somewhere else in the
same car-—or another car—when the train enters the
control of the Austrian Federal Railways. In this case,
the computer center transmits an inquiry to the Oes-
terreichische Bundesbahnen (OBB) processing center
for verification. If the Austrian reservation is con-
firmed, vou will be issued, in addition, a computer
punch card, marked **OBB” giving the information con-
cerning the status of your seat reservation when your
train crosses the Austrian border.

At present, the Swiss computer center has direct
telecommunications connections-—in addition to the
OBB- with the Italian State Railways (FS), the
French National Railways (SNCF), and the German
Federal Railway (DB).

Now, let’s say that, instead of being at Zirich’s

Friedlander- Electronics and Swiss Railways

HB, you are closer to a private travel agency that has
a computer terminal for handling reservations. No
sweat. The same information is keyboarded into a
teletypewriter/teleprinter unit and is transmitted to
the computer center just as if you were at the railway
station. Your confirmation will be relayed to the trav-
el agency in a minute, or less.

And now, alook ahead

Thus far, in our international railway epic we have
covered the rail systems of three countries: Sweden,
West Germany, and Switzerland. Our next episode
will cover the French SNCF, the only country to uti-
lize commercial frequency (50 Hz) over a portion of
its electrified system. So, we have a vicarious date,
with Paris as the rendezvous, in a forthcoming issue
of Spectrum.
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‘Fax’ in the home:
looking back and ahead

Great hopes are held for facsimile for consumer use. Will it
“go broadcast” again, as it did 35 years ago?

When Scotsman Alexander Bain invented, in 1842,
his system of synchronized electric clocks to send
crude graphic messages over telegraph wires, no one
could foresee where this discovery would lead. It took
roughly half a century for the basic concept to evolve
into a means for sending pictures by wires and an ad-
ditional half century for it to inspire a unique broad-
casting venture aimed at printing the daily newspa-
per right in the customer’s home. “Facsimile”—or
“fax,” as it came to be known—came remarkably
close to preceding both hi-fi music and television into
the nation’s living rooms, and, although the “‘elec-
tronic newspaper’’ concept failed to gain public
approval, its eventual debut remains within the realm
of probability.

It all began in the mid-1930s, with a handful of
experimenters who were convinced that fax was the
natural successor to the daily newspaper. Although
radio had become established as the home entertain-
ment medium, and despite its potential for rendering
the printed newspaper obsolete, the latter was still
being delivered daily— by car, bike, and on foot—to
millions of homes across the nation. The reason, ap-
parently, was that people still craved pictures and
visible records of events, not to mention such extras
as crossword puzzles. comic strips, printed recipes,
and illustrated ads. What’s more, you could not wrap
fish in radio waves.

But fax could readily fill the gaps in radio’s capa-
bilities. So said its proponents, some of whom had
already proved their point in limited experiments.

The concept of fax broadcasting of printed news
was probably originated by C. F. Jenkins in 1924. He
proposed to use fax to distribute news headlines
in advance of the detailed news, which would con-
tinue to reach the home via newspaper. Another pro-
posal, made at that early stage. was to use fax broad-
casting merely to deliver daily printed program sched-
ules to radio listeners.

The earliest fax broadcast venture was that of Aus-
tin Coolev in 1926. He managed to persuade more
than two dozen broadcasters to experiment with a
system he had devised, called “ray photo.” The sys-
tem employed a unique recording technique using a
corona discharge. It worked, but was soon to be aban-
doned because of its very low speed and its produc-
tion of noisy signals that offended the ears of radio
listeners. A few years after Cooley’s experiment, both

Daniel M. Costigan Bell Laboratories

RCA and General Electric ran field tests of broadcast
fax receivers.

Meanwhile, significant advances had been made in
the use of fax as the transmission medium for news
photos and weather charts, and, by the mid-1930s,
the worldwide transmission of photos by facsimile—
via wire and radio—had been developed to a high de-
gree of refinement. The Associated Press had, in fact,
made such a phenomenal success of its national *“wire-
photo” network, that four new development and
manufacturing firms were formed almost simulta-
neously to meet the sudden demand for apparatus.
Finch Telecommunications and Radio Inventions
were founded by W. G. H. Finch and J. V. L. Hogan,
respectively, the latter a well-known TV pioneer.
About the same time, Austin Cooley founded Times
Telephoto Equipment (later renamed Times Facsimi-
le), and Acme Newspictures established its own man-
ufacturing facility. Bell Telephone’s Western Electric
was already supplying apparatus for the AP picture
net.

Very soon after the news-picture networks had
begun to flourish, fax's “grand”™ experiment officially
got underway. The new watchword was broadcast,
implying the delivery of daily newspapers by radio-
facsimile, right into the “subscriber’s” own living
room. In the eyes of the general public, it was a rath-
er fanciful “‘blue sky'™ concept for its day. But not to
technologists like Finch, Hogan, and RCA's illus-
trious fax development team, all of whom felt that it
was both technically and economically feasible and
therefore ripe for launching.

a )

The names of the game

As it evolved, facsimile took various names, stress-
ing usually its specific use at the time the name was
given. There were “copying telegraph™ and “picture
telegraph.” for example: and, later, “phototelegra-
phy” and its complement “telephotography.” At
some point, the word ‘facsimile’ was introduced, de-
rived from the Latin fac simile meaning ‘'make simi-
lar." which is basically what this technology of send-
ing graphic messages over the wire is all about.
Thus, “‘facsimile telegraphy” was picked up. When
broadcasting got underway, there came “photo
radio” and “radio facsimile” too. But “facsimile” was
to stick. followed by “fax.” its abbreviated phonetic
successor, which holds to this day.

. J
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The first actual ‘“‘deliveries” of newspapers via
commercial radio broadcast stations were made in
1937, by KSTP in St. Paul, Minnesota; WGH in Nor-
folk, Virginia: WHO in Des Moines, lowa: and WOR
in New York. The very first experimental fax broad-
casting license had been granted in September of that
year, to a New York noncommercial station, W2XBF,
owned and operated by W. G. H. Finch, who had de-
signed the transmitters and receivers that were to be
used in most of the other trials.

The idea caught on rapidly, and by the end of that
year there were a total of nine commercial stations
licensed for experimental fax transmission.

In 1938, the St. Louis Post-Dispatch joined the list
of pioneering experimenters, and Chicago’s WGN,
Cincinnati’'s WLW, and Cleveland’s WHK joined
WOR to form the first facsimile broadcast network.
By the spring of that year, the number of experimen-
tal fax broadcasters had more than doubled, and in-
terest within the broadcasting community continued
to mount.

Broadcasters engaging in experimental fax trans-
missions were required by the Federal Communica-
tions Commission (FCC) to install a minimum of 50
receivers (or receiver accessories) in selected residen-
ces within the area served by the station. Thus, by
early 1939, there were at least 1000 private homes
throughout the country equipped with fax receivers.
Most of these early receivers were provided by Finch
Telecommunications and RCA, with the broadcasters
footing the bill.

By the close of the thirties, there were nearly 40
commercial stations regularly broadcasting fax news-
papers, and by 1941, more than 10000 fax receivers
had been sold for home use—a phenomenal number
for a single application, even by today’s standards.
The receivers retailed in the range of $50 to a little
over $100, which was also surprisingly moderately
priced, even allowing for the higher value of the dollar
at the time. One of the more popular receivers, a
radio attachment designed by Finch Telecommunica-
tions and produced and marketed by Crosley Radio,
was purchasable in some of the country’s large de-
partment stores—Macy’s in New York City, for ex-
ample.

But in spite of the apparent success of the venture,
there were definite signs, by late 1940, of a declining
public interest. One reason was that the price of the
home receivers, fair as it seemed, was still more than
the average family could really afford in the de-
pressed economy of the 1930s, particularly for some-
thing that still had to be regarded as a novelty, de-
spite its practical potential. On top of that, the appa-
ratus was slow, somewhat noisy, and perhaps not as
reliable as one might have liked it to be.

Another problem was that no agreement had been
reached on what constituted the best printing pro-
cess. In some machines, the mechanism was complex
and wasteful of materials, and in others, it was sim-
pler, but produced a copy of marginal quality or re-
quired a very special type of paper, or both.

Meanwhile the United States had gone to war and
the emphasis in fax development had shifted to mili-
tary applications. In its new role, fax overcame some
of its prewar shortcomings and matured sufficiently

(Continued on page 81)
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Fax: specs
and projections

The fax broadcasting venture of the '30s and the '40s
(described in detail by Daniel M. Costigan in the ac-
companying article) was but one of the many faces
facsimile communication has shown in its long and
somewhat capricious history. It assumed its present
role as a standard business communications tool in
1962, with the official opening of the telephone dial
network (via appropriate interfaces) to customer-pro-
vided fax terminals. It has matured steadily in this
latest role, finally achieving status as an industry in
its own right.

Specifications of fax apparatus

Fax transmitters and receivers are offered today by
many vendors. Applications vary from weather-map
transmission to relay of police records and finger-
prints. Specifications, too, vary accordingly. While an
average office document can require a vertical resolu-
tion no greater than 60 to 90 lines per inch (lpi), up-
wards of 200 lpi is needed for police transmission of
fingerprints. Scanning and transmission speeds are of
great concern as well. In this respect, there is a
marked difference between an analog fax apparatus,
where about three to six minutes are required for a
transmission of an 8.5- X 11-inch standard office doc-
ument, and its digital counterpart, doing the same
jobin afraction of a minute.

In an analog fax system, there is normally a trade-
off between the scanning speed and the resolution.
Some customers would prefer the faster machines—
i.e., equipment with a three-minute or less scanning
time for a standard page, while others may assign top
priority to resolution. Some vendors, however, provide
a selection of a few resolution and speed values in one
transceiver (a combined transmitting and receiving
apparatus}.

About the highest transmission speed demonstrated
to date in a digital fax system via voice-grade circuits
is 15 seconds per “‘average” standard office document,
and this has been achieved through use of a variable-
velocity scanning technique developed by Comfax
Communications Industries in equipment now com-
mercially available from EAIL Similarly, digital data-
compression techniques, like those used in both the
Dacom and Rapifax systems, permit increased scan
rate with no sacrifice of resolution.

To convert the information of the scanned page
into a signal that can be transmitted over regular
telephone lines (the so-called voice-grade circuits),
and vice versa, a modulator and demodulator
(modem) is required. Most modem equipment is de-
signed for use on voice-grade circuits, but modulation

‘ Gadi Kaplan Associate Editor
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l. Typical facsimile transceivers and their specifications

Min. = - — Max.
Scan Digital Analog Resolution
Max. Page Size Time —
— - Per Band- Vert.
Input, Output, Page, width, Horiz. lines/ Scan.
Manufacturer Model No. in X in in X in s kbits/s kHz Modulation  pel/in in Tech.
Alden 11 24 X cont. 11 X cont. 408 — 1.2 VSBAM — 166
18 18 X 24 18 X cont. 132 — — 166
600 6 X cont. 6 X cont. - — 96
Dacom 300 25 X 24 25 % 24 360 150 — — 2000 1200 PE
410 8.5 X 14 8.5X 14 40 4.8 — — 200 200 PE
412 8.5 X 14 8.5 X 14 40 32 — — 200 200 PE
430 8.5 X 14 8.5 X 14 40 4.8 — — 200 200 PE
441 8.5 % 14 8.5 X 14 40 4.8 — — 200 400 PE
Datalog Message fax 8.5 X 14 8.5 X 14 250 — — VSBAM — 91 PE
Digifax | 8.5 x 11 8.5 X 11 210 9.6 — - — 96 PE
MX-T, R 8.5X 14 8.5 X cont. 210 — — AM - 91
501 22X 15.4 22 X 15.4 180 o — AM — 600
DDR 24 X 17 24 X 17 1200 .8 — — — —
EAI FAX-115 9.5 X 14 *15 9.6 — — — 192 FS
FAX-130 9.5 X 14 *30 4.8 — — — 192 FS
FAX-1 60 9.5 X 14 *60 2.4 — — — 192 FS
Faxon 811 8.3 10.8 8.5 X 11 32 - — FM 100 FS
Graphic dex broadcaster 9% 14 9x 14 180 — 1.4 VSBAM — 88 PE
Sciences dex | 99X 14 9X 14 360 — 1.4 VSBAM — 88 PE
dex VI 9Xx 14 9% 14 360 — 1.4 VSBAM — 88 PE
dex VII IX 14 IX 14 360 — 1.4 VSBAM — 88 PE
dex IX 9Xx 14 9x 14 240 — 1.4 VSBAM — 62 PE
dex 120 9x 14 9Xx 14 120 — 1.4 VSBAM — 62 PE
dex 180 9% 14 9 X 14 180 — 1.4 VSBAM — 88 PE
dex 181 9X 14 99X 14 180 —_ 1.4 VSBAM — 88 PE
dex 182 9x 14 99X 14 180 — 1.4 VSBAM — 88 PE
dex 185 99X 14 9% 14 360 — 1.4 VSBAM — 88 PE
dex 580 9% 14 9Xx 14 180 —_ 1.4 VSBAM; FM — 88 PE
dex 3000 8.5 X 11 8.5 X cont 180 — 1.4 VSBAM — 88 PE
dex 3400 8.5 X 14 8.5 X cont 180 — 1.4 VSBAM; FM — 88 PE
dex 4100 8.5 X cont. 8.5 X cont 120 — VSBAM; FM — 64 PE
3M VRC Il 8.5 X 14 8.5 X cont 240 — FM 96 96
VRC 600 8.8 X 14 8.5 X cont 240 — FM 96 96
VRC 603 8.5 11.8 8.5 X 11 180 — FM 96 96
Muirhead 180 9.8 X cont 360 — 0.8 FM 90
240 9.8 X cont 246 — 0.8 FM 90
300 9.8 X cont 196 — VSBAM 90
500 9.8 X cont 120 — 90
K-351-D/F (Tr) } 8 X 10 8 X 10 820 — 1.3 VSBAM 200
K-300-D/F (Rec) 8% 8 8X 8 820 — 1.3 VSBAM 200
Mercury IV 60 —_ 0.3 FM 90
Rapifax 100 8.5 X 14 8.5 X 14 35 2.4/4.8 — — 200 200 PE
Stewart Warner Datafax 150 8.5 X 11 8.5 x 11 540 — 1.0 FM 137
Datafax 180 8.5 11 8.5 X 11 360 — 1.0 FM 96
Datafax 240 8.5 X 11 8.5 X 11 270 — 1.0 FM 96
Datafax 360 8.5 X 11 8.5 x 11 180 — 1.0 FM 90
FT(R) 3628A(B) 8.5 11 8.5 X 11 180 — AM 96
FT(R) 9095A(B) 8.5 X 11 8.5 X 11 60 — AM 96
Telautograph 300D 8.5 X cont. 9 X cont. 180 — 2.0 VSBAM 83.3 PE
300AD 8.5 X cont. 8.5 X cont 180 - 2.0 AM 83.3 PE
300 8.5 X cont. 180 —- 83.3 PE
900 8.5 X cont. 8.5 X cont 72 — 9.1 AM 100 PE
Victor Graphic 3618 8.5 X 11 8.5 X cont 100 — FM 100
Systems 4828 8.5 X 11 8.5 X cont 138 — FM 100
6030 8.5 X 11 8.5 X cont 108 — FM 100
9045 8.5 X 11 8.5 X cont 72 — FM 100
Xerox Telecopier 400 8.5 X 11 8.5 X 11 240 — 2.5 FM 96 96 PE
Telecopier 400-1 8.5 X 11 8.5 X 11 240 — 2.5 FM 96 96 PE
Telecopier 11 8.5 X 11 8.5 X cont 240 — 2.5 FM 96 96 PE
Telecopier 410 8.5 X 11 8.5 X 11 240 — 2.5 FM 96 96 PE

Transmission Mode

techniques vary. While FM or vestigial sideband AM
is preferred by manufacturers of conventional analog
equipment, digital data-compression techniques are
fast catching on. But equipment using the latter
techniques is naturally more expensive.

Coupling to the phone lines in facsimile transceiv-
ers is normally accomplished either through a specific

data-access arrangement (DDAA), usually leased from
the phone company, or, as is the case in more conven-
tional analog equipment, through acoustic coupling to
the telephone receiver.

Purchase price and monthly rental rates vary wide-
lv. Generally, the more expensive the unit becomes,
the more likely some special features are offered with

8

IREE spectrum SEPTEMBER 1974



Purchase

Price/
Error . Biggest Monthly
Record. Data Cor- _Automatic Power Dimension, Weight, Rental,
Tech. Sync. Comp. rect. Trans. Rec. Line Coupl. w in Ibs dollars Options
El — — — v A/DAA/HW 700 50 (h) 613 Auto. feeder
El —_ — —_ v A/DAA/HW 700 55 (h) 809 Auto. feeder
El — — \ v A/DAA/HW 150 21 (d) 125
Ph — Vv v Modem 64.5 (h)
Es — 7 7 7 v DAA 1150 39 (h) 375 13 000/510 Auto. feeder
Es —_ 7 v \ v DAA 1150 39 (h) 375 14 130/520 Auto. feeder
Es — 7 7 Vv Vv DAA 1035 39 (h) 375 14 920,545 Auto. feeder
Es - v v v v DAA 1150 39(h) 375 12 700/470 Auto. feeder
El PG — — — —_ HW 250 21.3 (w) 78
El PG — — v Vv
Ph — — — — 2300 47.5 (h)
Vv — — — 1200 47.5 (h)
Es — Vv — DAA 920 43 (h) 300 9800/300 Auto. feeder
Es — Vv — DAA 920 43 (h) 300 9800/300 Auto. feeder
Es - v - DAA 920  43(h) 300 11 300/300 {Qﬁ:g: ;enes“’:gr}
Es - v v v v DAA 1150 40 (w) 20
Sp CL — - —_ —_ HW/DAA 180 22 (w) 47 9900/190
Sp CcL — — — — A 180 22 (w) 47 1200/57.5
Sp CL — — —_ — A 180 22 (w) 47 1200/57.5
Sp cL = — — — DAA 180 22 (W) 47 1200/57.5
Sp CL — — —_ — A 180 22 (w) 47 1200/57.5
Sp CL — — — — A 180 22 (w) a7 4000/85
Sp CL —_ — — — A 180 22 (w) 47 4000/85
Sp CL - — — = DAA 180 22 (W) 47 4000/85
Sp CL —_ —_ — —_ DAA 180 22 (w) 47 4000/85
Sp CL — — — — DAA 180 22 (W) 47 4700795
Sp CL —_ —_ Vv — A 180 22 (w) 47 4600/95
Sp CL - - Vv v DAA 180 24.5 (w) 58 5400/91.5
Sp CL —_ = v v DAA 180 24.5 (w) 60 6000/100
Sp CL — — Vv v DAA 300 34 (w) 75 -
Es CL —_ —_ Vv v DAA 275 24 (w) 59 3195/90 Auto. feeder
Es CL — — — v DAA 275 24 (w) 59 2995/85
Es CL — — — —_ A 18.4 (w) 18 1645/57.5 -
E! PG = = = Y. 16 (w) 87
El PG — —_ — Vv 16 (w) 87
El PG — — — Vv 100 16 (w) 87
El PG = = = v HW 16 (w) 87
Ph CL — — — — 100 23 (w) 75
Ph CL — — — —_ 370 50 (h) 376
El CL — — — —_ 16.8 (d) 80.5
Es = v —_ Vv v DAA 1035 42 (h) 375 -
El cL - _ v i HW 375 21 (d) 45 Auto. feeder
El cL = = v v HW 375 21 (d) 45 Auto. feeder
El CcL — — v Y, HW 375 21 (d) 45 Auto. feeder
El CcL — — Y, . HW 375 21 (d) 45 Auto. feeder
El PG/CL — — v Y HW 19.5 (d) 160 Auto. feeder
El PG/CL — —_ v v HW 19.5(d) 163 Auto. feeder
El CL — —_ — — HW 700 19 (d) 136 6000/
El CL — — — Vv HW 700 19(d) 136 6000/
El CL s — — v HW 700 19 (d) 136 6000/
El cL — — — — HwW 700 19 (d) 136 6000/ - ]
El CL v — v v HW/DAA 18.5 (d) 123 55007270 Auto. feeder
El CL v — v v HW/DAA 18.5 (d) 123 5600/280 Auto. feeder
El CL v — v V. HW 18.5 (d) 123 5700/290 Auto. feeder
El CL v — v v HW 18.5(d) 123 5900/320 Auto, feeder
Sp CL — — — — A 18.4 (w) 18 1540/60
Sp CL — — — — A 30 (d) 65 1540/60
Me CL = = = v A/DAA 19.8 (w) 46 1825/62.5 UA
Sp CL — — v v A 500 30 (d) 65 4580/100

it—error correction, automatic transmission and/or
reception, line-fault indication, automatic document
loading, automatic cutting of the received page to the
required length, to mention but a few. Some vendors
even offer a scrambling circuit as an option.

The table above represents a typical segment of
facsimile transmitters and receivers available today.

It is by no means a comprehensive one. Very special-
ized equipment has been omitted.

What’s in the table?

Following the manufacturer's naume and the model
identification number, the apparatus’ characteristics
gradually reveal themselves. (Continued on next page)
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In the Max. page size column, “Cont.” stands for a
continuous reel of paper, automatically cut to length.
The Min. scan time per page column refers to the
fastest scanning for a maximum page size. Asterisks
indicate a statistical average of the scanning time com-
puted for ten or more office documents of the “stan-
dard” 8.5- X 1l-inch dimension, the scan speed being
variable according to the printed message.

In the modulation column, VSBAM is the abbre-
viation for vestigial-sideband amplitude modulation.
Horiz. is, of course, horizontal, but pel/in is a resolu-
tion unit of picture elements per inch. Vertical is ab-
breviated as Vert. and Scan. tech. is simply the scan-
ning technique that is used in the apparatus. This
technique can be either purely photoelectric (I’E) or a
cathode-ray tube flying-spot technique (FS). But the
recording technique—Record. tech.—refers to any of

the following: electrostatic (Es), electrolytic (E!),
photographic (I’h), the technique of electrical spark-

ing (Sp), and that of a mechanical impact (Me).

Sync. stands for synchronization between transmit-
ter and receiver, which is essential in analog facsimi-
le. PG is the conventional synchronization by the
power-grid waveform, while CL stands for an internal
clock or frequency standard. Among the extra features
available in some fax apparatus are data comp. or data
compression; error correct., error correction; and Auto-
matic trans. ‘'rec., automatic transmission or reception.
Availability of any such feature is indicated by a +
sign.

Line coupl. is line coupling, where A stands for an
acoustic coupler to the telephone apparatus, and JAA
is a data-access arrangement. HW is simply hard wir-
ing to a telephone line dedicated to facsimile commun-
ication. In the options column, UA means unattended
answering.

Once aware of the general facsimile picture, one
can get a better insight of the technology involved, by
analyzing the functioning of a typical analog fax
transceiver.

Analog fax transceivers—how they work

The common phone-coupled analog fax transceiver,
designed as a business communication tool, is made
of the following basic building blocks: (1) A scanning

[1] A phone-coupled fax transceiver like this one from
Graphic Sciences (left), an increasingly common sight in
business offices, may be tomorrow’s newest rage in home
appliances.

[2) Functional diagram of a typical phone-coupled analog
fax transceiver. Coupling to phone lines can be made via a
data access arrangement (DAA), provided by the phone
company, or via an acoustic coupler, normally supplied by
the terminal vendor.
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and recording mechanism. (2) A modulated oscillator
and demodulator circuits. (3) Control logic. (4) Fre-
quency standard for synchronization of transmission
and reception. (5) A circuit coupling the transceiver
to phone lines.

The scanner signal is used to modulate the oscilla-
tor (AM or FM) within the conventional telephone
circuit bandwidth (roughly, 0.3 to 3.0 kHz). The typi-
cal system transmits at a speed of 180 scan lines per
minute. At that speed, the system is able to resolve
about 100 picture elements (pels) along the scan axis
(i.e., horizontally across the scanned document). At a
vertical resolution of 100 scan lines per inch, an 8.5- x
11-inch document will be transmitted in about six
minutes.

Initial ‘‘phasing” of the “send” and ‘‘receive”
drums is achieved by the latter being held at a lower
or higher speed until a received and a locally generat-
ed end-of-line pulse occur simultaneously. Both re-
ceiver and transmitter will now remain aligned
through the transmission. To ensure alignment, the
motors are energized from precision power supplies.
Recording may be by one of several processes—e.g.,
electrolytic, electroresistive, electrostatic, electroper-
cussive—all of which result in direct, permanent re-
cordings, requiring no subsequent processing.

Future comeback of home fax?

With ever expanding markets for fax apparatus and
increased sophistication of the equipment manufac-
tured, there is still a question to be asked whether the
fax broadcast venture should be regarded as having
died or as merely having become dormant.

An intriguing question in this respect, as raised by
Daniel Costigan, is whether the failure of the fax
news broadcast venture some 25 years ago was just an
error in timing on the part of its promotors. Accord-
ing to Mr. Costigan, it is entirely possible that had
that venture endured until TV's initial novelty had
worn off, it might have survived. Now that facsimile
has become an industry in its own right, with several
large companies lending their developmental and pro-
motional skills, the potential for fax as a home enter-
tainment and information medium is, according to
Mr. Costigan, as strong as ever.

Mr. Costigan also maintains that immediate possi-
bilities exist for home fax broadcast. One such possi-
bility is that of dialing up a special phone number, or
a CATV channel, to receive up to the minute news
and pictures in any one of a dozen different catego-
ries.

In addition to that scheme, Mr. Costigan also
claims it is even possible that commercial FM radio
may yet serve as a fax broadcast medium, as original-
ly planned. As has recently been verified, the Federal
Communications Commission’s standards for that
service of an FM broadcast are still on the books, and
at least one enterpreneur is currently taking advantage
of that fact. John Porterfield, a veteran communica-
tions engineer, has been broadcasting fax experimental-
ly from New York’s WNYC-FM for the past three
years.

L’ In light of this, the chances are good, according to

Mr. Costigan, that the survivors of the ill-fated grand
experiment of the '30s and '40s may yet see some of
their high hopes and promises fulfilled.

Costigan—*["ax’ in the home: looking back and ahead

(Continued from page 77)
in the first three years of the war for the broadcasting
industry to begin preparing for phase II of the grand
experiment.

Under the guidance of Ilogan and Finch, the fax in-
dustry and the broadcasters agreed upon a set of
standards under which the fax-in-the-home venture
would be resumed. The FCC consented to issue offi-
cial operating standards, and General Electric was li-
censed under Hogan patents to produce the initial
run of required standard transmitters and receivers.
The choice of FM broadcasting (advocated by Finch)
and Hogan’s improved electrolytic recording tech-
nique were definite improvements over the chaotic
situation of the ’30s.

Phase II got underway about 1947 with test trans-
missions by Finch’s commercial FM station WGHF in
New York and by the Miami Herald via its WQAM-
FM outlet. Meanwhile, interest had been stimulated
among a number of other FM radio stations as well as
several major newspapers. Two additional manufac-
turers had also joined the fold—Stewart Warner and
Alden Products. The former had drawn up plans for a
line of broadcast receivers that included special units
for installation in public places, while Alden was to
manufacture a variety of fax devices of its own de-
sign. Finch Telecommunications, already in the mar-
ket, was preparing for high-volume production of
home receivers designed to the new broadcast stan-
dards. /

The FCC’s fax broadcast standards went into effect
in June, 1948, by which time four of the country’s
leading newspapers—The Chicago Tribune, The New
York Times, The Philadelphia Inquirer, and The
Miami Herald—were already on the air with experi-
mental fax editions. The Inquirer had established a
regular 8-page weekly edition, and The Herald was
transmitting five editions daily! The latter leased re-
ceivers to hotels for $85 a month. By July of that
year, a total of 11 stations were authorized to broad-
cast fax “programs’’ experimentally.

Until late in 1949, there still seemed ample reason,
in some quarters, to believe that the fax radio news-
paper was here to stay. Receiver manufacturers were
confidently predicting that, with increased produc-
tion, recorder attachments for existing FM radios
would soon be retailing for under $100, comparable to
prewar pricing. But within a matter of months, what-
ever optimism still existed began rapidly to fade, and
by early 1950, it was pretty much all over. Two dec-
ades of dreams and innovations had evaporated with
the failure of a venture that, for a while, seemed to
have everything going for it.

It was not as if the participants in the experiment
had been oblivious to the advent of commercial tele-
vision. Indeed, they had already foreseen it in the "30s
and were well aware of its implications regarding the
fax venture. But they had clung stubbornly to the
idea that the public would not be content with televi-
sion’s fleeting images, that the need would remain for
a printed communications medium, and that facsimi-
le and television could therefore coexist. Unfortunate-
ly, they had misjudged the public's elusive tastes.

It is a measure of fax’s durability that, of all the
major participants in the venture, only one name was
subsequently to disappear from the roster, and—iron-
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arly fax broadcast apparatus

In the fax broadcast experiment of the thirties, the
transmitted original news page was a paste-up of
hand-typed text and original photographs and line
drawings (including ad copy). This material was in-
termixed as on a conventional newspaper page, but
with the content judiciously abridged to fill a page
measuring about 8% X 11 inches. For transmission,

This ad appeared in a 1939 issue of Radio News.
$49.50 and a little assembly work were all that was
needed to convert any FM receiver to a radio-oper-
ated home “printing press.”

BUILD YOUR OWN
FACSIMILE

3 RADIO
F\}"“PRINTER

this paste-up master was wrapped around a drum of
an optical scanner, and scanned “lathe style,” with a
laterally moving scan head, as the drum revolved at
about 360 r/min. The scanner's baseband output
modulated a subcarrier, which, in turn, amplitude-
modulated the transmitted carrier of the broadcast
station.

The combination of a comparatively low scanning
speed and a resolution of about 100 picture ele-
ments per inch of scan stroke, permitted the use of
a subcarrier that was within the audio range, and
which could therefore merely be substituted for the
normal audio input to the transmitter. Line-by-line
pulses were provided to sync the receiver to the
transmitter.

The tax receiver generally consisted of an existing
standard broadcast receiver with a graphic recording
accessory. It was a kind of nocturnal robot that
would stand idle by day and go into action after the
household retired for the night. In the recorder, a
metal stylus connected to the receiver output and
arranged to effect a sweeping motion, visibly recon-
structed the transmitted baseband analog, line-by-
line, on electrosensitive paper fed from a roll within
the machine. For compactness, some receivers were
designed to record on 4-inch-wide paper. Obviously,
the stylus stroke length and the paper feed rate in
these mini-receivers had to be proportionately ad-
justed so that the received page, while smaller than
the transmitted master, was nonetheless complete
and geometrically undistorted.

Regardless of the design of the fax receiver, the
received copy was immediately visible upon record-
ing (no subsequent processing was required). This
copy was essentially permanent, and, if reception
was good, had generally good contrast and crisp-
ness. But facsimile reception was vulnerable to all of
the same transmission impairments and circuit mal-
functions that occasionally plagued normal audio re-
ception via AM radio—fading, ‘“static,” drift, beat
frequency howls, etc.—and, under adverse condi-
tions, the copy quality suffered accordingly

ically—it was that of Finch Telecommunications,
which had been bought out and renamed, and which,
for reasons best known to its new managers at that
time, went out of business shortly thereafter. Finch
himself had left his firm in the 1940s to serve as a
U.S. Naval officer, and had returned to it briefly after
the war—just long enough to help to guide its recon-
version into a civilian product line.

Radio Inventions changed its name to Hogan Faxi-
mile, which continues to exist as a subsidiary of the
Teleautograph Corporation; and the Alden name con-
tinues to be carried on a broad line of commercial fax
equipment now produced by a spin-off of the original
firm.

Of the larger participants, GE terminated its sub-
contracting role upon fulfillment of its initial con-
tract., and has not since heen active in the fax field.
RCA, on the other hand, while not actively promoting

Reprints of this article (No. X74-093) are available at
$1.50 for the first copy and $0.50 for each additional copy.
Please send remittance and request, stating article num-
ber, to IEEE, 345 E. 47th St., New York, N. Y. 10017, Att:
SPSU. (Reprints are available up to 12 months from date of
publication.)

fax, has by no means written off its potential as a
communications tool. Stewart Warner, which had
been only briefly involved in the broadcast venture,
has since returned to the production of commercial
fax apparatus. As for the participating broadcasters
and newspapers, they merely returned full time to
vending their services in more conventional ways.

Daniel M. Costigan (M) has been an information-
systems analyst at Bell Labs since 1962, at which
time he helped to develop the Bell System’s pioneer-
ing microfilm program for engineering drawings. Mr.
Costigan's interest in facsimile communication goes
back many years, but his first real involvement with
it was in 1964, when Bell Labs began to assess its
potential to speed the internal flow of graphic engi-
neering documentation. The author is chairman of
the joint National Microfilm/Electronic Industries
Association Microfiim-Facsimile Standards Commit-
tee (EIA TR 29.1), and a member of the National
Microfilm Association Publications Committee. He is
author of a book on fax, and has published several
articles and papers on various technical topics dur-
ing the last 20 years. Mr. Costigan received a B.S.
degree from New York University in 1964.
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Refuse turns resource

Diverted from land fills to hammer mills,
municipal waste becomes an economic energy resource

Gasoline, heating oil, and electric bills in recent
months all testify to the inflationary effect of un-
checked demand on limited supply. Short-term,
workable solutions to the problem seem tangled in a
web of expert opinion. Scientists argue the merits of
nuclear fusion, solar power derived from synchronous
satellites, or the hydrogen economy. Environmental-
ists champion austerity, conservation, and a curtail-
ment of open-ended public consumption. But at least
part of the answer could lie outside Buck Rogers and
bureaucratic thinking in the earthy, engineering
realm of bootstrapping. The municipal waste of in-
dustrial nations—long relegated to rat-infested land
fills—can be diverted to fueling electric power and
steam plants. Practical, workable systems already
exist, while others are under advanced development.
And it’s a safe bet that no one need worry about run-
ning out of trash!

Today the U.S. produces approximately 0.9 tonne
of solid waste per person per year!-2 (or over
180 000 000 tonnes total) and this quantity has been
growing, until recently, at an annual rate of 5 per-

John E. Heer, Jr., D. Joseph Hagerty
University of lllinois

cent. It was estimated, and later verified by research
(carried out at the University of Louisville), that
some 50 to 60 percent of this waste is combustible.?
Thus, the potential exists for burning at least
90 000 000 tonnes of refuse each year. The heat content
of this fuel, when properly classified, will vary with
the characteristics of the local waste itself, but as a
general rule the heat content of two tonnes of refuse
fuel is equivalent to that of one tonne of average-
grade coal.? By simple arithmetic, recovery of energy
from this waste would be equivalent to burning
45000 000 tonnes of coal, but if the fuel needed to
mine and haul this quantity of coal to urban areas is
considered, the refuse substitute becomes an even
more impressive energy source (1.05 X 10'® joules po-
tentially available from refuse versus 78.4 X 108
joules total U.S. energy consumption in 1973). The
Environmental Protection Agency claims there may
be almost $1 billion worth of energy waiting to be re-
leased from solid waste every year.

From disposal to recovery

The field of solid waste management has experi-
enced two complete reversals of philosophy in the
past seven or eight years. In 1965, the U.S. Congress
passed the Solid Waste Disposal Act, which simply

These curbside companions harbor just a few days fallout from the “good life.” But
society's continued affluence may well depend on efficient use of the humble contents.
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told those involved to find the most economical waste
disposal methods. In 1970, the act was renewed as the
“Resources Recovery Act.”” The emphasis at that time
was put upon the recovery of recyclable materials and
economic disposal of everything else.*

Some 18 to 24 months ago the U.S. began to see the
first research efforts primarily devoted to both recy-
clable resources and energy recovery. Serious consid-
eration of power generation from solid waste predates
the present “‘energy crisis’ by nearly two years.

Efforts to reclaim energy from solid waste can be
broadly classified into four distinct schemes: direct
heat recovery from special incinerators, supplementa-
ry fueling of power plants, destructive distillation
(pyrolysis), and a systems approach adapting off-the-
shelf hardware to waste-heat recovery.

The first and oldest of these methods dates back
twenty years in its present resurgence, in both Kurope
and the U.S. Actually, many small incinerators at-
tempted heat recovery around World War I, but these
early projects were abandoned because of the waste’s
low caloric content (at that time) and the wide sea-
sonal variation in waste characteristics.

Incinerator update: a steamy situation

Recently, however, several large incinerators have
been installed in the U.S. with either add-on boilers
or waterwalls. The most notable of these are in Chi-
cago (both the Northwest and Southwest installa-
tions), and the Hempstead. Long Island, plant. The
Hempstead plant generates 68 000 kg of steam per
hour both for in-plant use and for the desalinating of
seawater. The Chicago Southwest plant currently has
contracts for supplying 454 000 kg of steam per day to
adjacent industries in the stockyards area. The newer
Northwest Chicago plant has no firm contracts as yet;
but since the plant is in an industrial park, the Chi-
cago authorities anticipate several substantial steam

[1] This incinerator facility under construction in Nashville,
Tenn., generates steam which will provide year-round heat
or air conditioning to nearby government office buildings.

contracts very soon.

A plant currently under construction in Nashville,
Tennessee, is quite similar to those just mentioned,
but somewhat more fortunate since it is being built
by the city in the center of the state government
buildings complex (Fig. 1). Such logistics guarantee
the installation of a year-round market for the steam,
which can be used for either heat or air conditioning.
And plant construction has received rather wide pub-
licity, probably more for the unusual location and fi-
nancing than for any unique technology.

Refuse will be delivered to the plant by Nashville,
at no cost, under the terms of a 30-year contract and
the steam generated will be used in 32 adjacent
buildings. Revenue bonds, raised for construction
funds, are guaranteed by the clients buying the
steam. Ownership of the facility will revert to Nash-
ville upon retirement of the bonds.

With respect to direct waste-heat recovery, Europe-
an solid waste management is quite advanced relative
to that in the U.S. Almost every large incinerator
built in Europe during the last decade has incorporat-
ed a waste-heat recovery system. And at least three
distinct system types are currently being used.

The new Edmonton incinerator, built on the north-
ern outskirts of London, in the United Kingdom, in-
corporates a waterwall furnace design, with the ex-
haust gases from the combustion chamber passing
through an economizer to aid in the generation of

- N

What have they done to the rain?

The trouble, of course, with just about every power
generation scheme involving combustion is pollution.
In recent years, the particulate portion of the prob-
lem has yielded to the adoption of electrostatic pre-
cipitators. Where many industrial smokestacks once
belched forth an ominous pall over neighboring com-
munities, now an innocent-looking, almost colorless
plume drifts skyward.

Unfortunately, the net result of this cleanup may
already have helped create acid rains far more seri-
ous than the local dirt and smell associated with un-
treated smoke. A recent study in the June 14, 1974
issue of Science magazine by Gene E. Linkens, Sec-
tion of Ecology and Systematics, Cornell University,
and F. Herbert Bormann, School of Forestry and En-
vironment Studies, Yale University, gives the details.

Drs. Linkens and Bormann suggest that a docu-
mented increase in acidic rain falling on the
northeastern U.S. and Scandinavia is attributable to
large amounts of sulphur dioxide (SO2) and oxides
of nitrogen being injected into the atmosphere in the
absence of equivalent alkaline substances. By re-
moving solid particles which, when present, combine
with SO» to form saits, tall smokestacks fitted with
the latest scrubbers have liberated considerable SOz
which is retained in airborne moisture and converted
to sulphuric acid (H2S04). Fish kills, stunted tree
growth, and corrosive damage to buildings highlight
the prospects of precipitation gone permanently
sour.

Recovery of energy from solid waste could appear
even more attractive when this acid rain research is
fully considered. Unlike most fossil fuels (other than
natural gas), municipal refuse has a low suiphur
content and therefore little potential for producing
SO2. As yet, there is no reliable, accepted method to
remove SO, from industrial stack gases.—Editor.

. v,
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steam. Under normal conditions this steam is used to
drive three 12.5-MW turbogenerators, which create
approximately 30 MW for export sale to the Greater
London Electric Utility, and to provide additional
power for in-house needs.

In Paris, a somewhat different approach has been
taken. Here a principal use of the steam has been
space heating, although some 200 million kWh of
electricity is also generated and sold to Electricité de
France. The center of the City of Paris is underlaid
with an elaborate steam piping network, much like
U.S. water and sewerage systems. Three strategically
located incinerators (all built within the last twenty
years, with the last one, at Ivry, finished in 1969)
supply steam to this system. Some 1.8 million tonnes
of steam are produced yearly for heating over 100 000
dwelling units.

In Dusseldorf, West Germany, an example of a
third type of waste-heat recovery system can be
found. Here the facility is quite similar to both the
Edmonton plant and the Ivry incinerator; however,
the steam, after generation, is first delivered to a
nearby municipal power plant and used to generate
electricity. The spent steam is then used for central
heating in the City of Dusseldorf. Interestingly, both
the incinerator and the power plant are city owned,
but the steam is sold at a negotiated rate.

The principal problem affecting energy recovery di-
rectly from incinerators is the wide assortment of
waste constituents and related moisture content.
Variations up to 100 percent in heat content can be
expected. This forces the incinerator plant to use sup-
plementary fuels to maintain high steam pressure' or
guarantee only a minimum output, with a resulting
loss of income.

Perhaps the most modern and sophisticated waste
heat recovery incinerator now in use was completed
recently near Rotterdam, in the Netherlands. This in-
cinerator, owned by Rotterdam and 23 small neigh-
boring communities, is located in the highly industri-
alized Botlek area on the Netherlands seacoast (Fig.
2). Approximately 90000 tonnes of domestic and
household wastes are to be processed each year in ad-
dition to about 400 000 tonnes of industrial waste and
about 63 500 tonnes of chemical wastes.

The domestic wastes and nontoxic solid industrial
wastes are processed in six furnaces, with five of the
furnaces being used at any one time and the sixth
furnace kept in reserve. Each furnace is capable of in-
cinerating roughly 14.5 tonnes of refuse per hour, and
producing 45 tonnes of steam per hour at about 30 at-
mospheres pressure at 350°C. Computerized controls
regulate circulation and mixing to ensure uniform
temperatures and pressures in the outlet steam. One
third of the produced steam passes through a turbo-

[2] Perhaps the most advanced
waste heat recovery incinerator l
to date is the Netherlands’ Bo-
tlek plant. The steam produced
here runs turbine generators
and provides heat for distilling
sea water. |
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generator, is condensed, and then returned to the
boiler units. The remaining steam also passes through
turbines, but exits to distilling plants. Here, contami-
nated and mineralized water (including seawater) is
distilled. At present, three distilling plants are in op-
eration, each producing 408 tonnes of demineralized
water per hour.

The purified water is sold to industrial plants in
the Botlek area for use in boilers, chemical processes,
etc. The power generated by the turbines is sold
through an electrical utility system. While a mini-
mum of 11 MW is guaranteed (by contract) to this
utility, the incinerator turbines can produce up to 55
MW (maximum capacity).

A solid supplement

A second system of energy recovery uses solid waste
as a supplementary fuel. In the U.S., this method is
becoming widely known as the “St. Louis System.”*
Attempting to minimize the impact of seasonal varia-
tions in solid waste’s heat content, the consulting en-
gineering firm of Horner and Shifrin (in conjunction

(3] Solid waste can be burned in a coal-fired power plant
as a supplement fuel if it is properly processed. The “St.
Louis System,” illustrated here, removes magnetic residue,
noncombustible solids, and moisture from raw refuse be-
fore it is shipped to generation sites.
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with the Union Electric Company of St. Louis} has
investigated using solid waste as an auxiliary fuel.

Under a grant from the Environmental Protection
Agency, a comprehensive study of the situation con-
cluded that the operating problems of coal-fired boil-
ers would not be significantly increased, if at all, by
burning properly prepared refuse as a supplementary
fuel. The Union Electric Company displayed its in-
terest in the project by making one, and later two, of
its major boiler units available for full-scale testing of
the process. The company further offered to bear the
capital expenditures required to modify its portion of
the prototype facilities.

Initial refuse preparation (Fig. 3) occurs at city-
operated facilities where material to be processed is
discharged from packer trucks to the floor of the raw-
refuse receiving building. Waste is then shredded in a
hammer mill and conveyed to a storage bin. The head
end of the conveyor is equipped with a magnetic sep-
arator to remove ferrous metals for recycling. Until
recently, this was the extent of waste preparation;
however, in the last several months an air-classifica-
tion system has been added to remove most of the re-
maining noncombustibles.

The preparation process was designed to be as sim-
ple as possible to minimize operational problems as-
sociated with the refuse processing. Those problems
that have occurred during the system’s first months
of operation have been mechanical in nature, and
mainly due to the preculiarities of the milled refuse.
Storage and handling has required special consider-
ation since milled solid waste tends to compact under
its own weight into a laminar, springy mass. Conse-
quently, power requirements have been constantly
underestimated for the handling equipment.

In the St. Louis prototype system, the processed
solid waste is transported 29 km to the Union Electric
Company’s power plant. (However, pneumatic con-
veyance directly to the boilers from the storage bin
would be feasible if the power plant were nearby.)

The transported, prepared refuse is dumped into a
receiving bin, which supplies a belt conveyor, and is
then discharged through a 30.5-cm pneumatic feeder
line to a 244-cubic-meter surge bin. Crude metering
of the refuse feed is accomplished with variable-speed
conveyor drag chains.

Prepared refuse is burned in two twenty-year-old,
tangentially fired Combustion Engineering boilers, lo;
cated 213 meters from the storage bin. These boilers
have a nominal rating of 135 MW each, with a maxi-
mum gross output of about 142 MW. Although the
boilers are not ‘‘modern,” the same basic furnace and
burner design is still used in new units just now being
put into service.

The Union Electric Company did not mix the pre-
pared refuse with coal in the feed system because
spontaneous combustion could occur in the coal pui-
verizers, and proper operation of the combustion con-
trol system was potentially threatened. Therefore, one
gas nozzle in each corner of the furnace was removed,
providing space for special refuse burners. Thus, solid
waste is fired (independently of the coal) through
these burners at 10 to 15 percent, by heat value, of
the boiler’s full-load fuel requirement. A 10-percent
firing rate at this plant amounts to about 11.3 tonnes
of refuse per hour.
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Since prepared refuse is fired to the boilers at a
constant rate, coal firing must be adjusted to accom-
modate variations in waste-heat content or boiler-
heat requirements. There has been no carry-over of
unburned (waste) particles into the back passes of the
boiler, nor any slagging due to firing refuse. Perfor-
mance of the hoilers, when fired with refuse and coal,
has been identical to the performance of the unit
when fired only with coal. Unfortunately, data re-
garding the long-term corrosion effects of refuse on
hoiler components are not yet available. Refuse’s low
sulfur content should decrease corrosion potential,
while its higher chlorine content will have an opposite
effect.

The heat value of prepared refuse used in the St.
Louis project depends somewhat upon the moisture
present. Since most prepared waste has an average
heat value of 11.6 X 108 joules/kg (as fired), it is logi-
cal to assume this represents a lower limit for air-
classified (and presumably dry) refuse.

Refuse preparation costs at St. Louis have been es-
timated between $4.95 and $6.61 per processed tonne.
However, Chicago recently signed a long-term con-
tract to supply such fuel to a local utility at $3.97 per
tonne (the equivalent of coal at $7.94 per tonne),
making the economics of waste heat recovery appear
more favorable as the cost of coal advances.

Recovery under wraps

A third method of energy recovery from refuse is
pyrolysis, which is destructive distillation of solid
waste in an oxygen-free environment. Here the organ-
ic portion of the refuse can be converted into gas, liq-
uid, and an inert char. The gas and liquid portions
can then be converted into energy (even the char has
some fuel potential). But this system for disposing of
solid waste is as yet unproven. There are several
major industrial companies that have such projects in
the pilot-plant or design stages; however, because the
processes are proprietary, results released to date are
sketchy and inconclusive.

A laboratory study on mixed municipal refuse con-
ducted by the U.S. Bureau of Mines in 1970 demon-
strated that 0.9 tonne of refuse could yield 68 to 181
kg of solid residue, 1.89 to 22.7 liters of tar, 3.79 to
15.1 liters of light oil, and 227 to 510 cubic meters of
gas. This gas was found more than sufficient to pro-
vide heat for sustaining the pyrolysis process.

A process similar to the Bureau of Mines experi-
ment has been tested by the Garrett Research and
Development Company, a subsidiary of the Occiden-
tal Petroleum Corporation. The Garrett system, now
in the pilot-plant stage, employs a “‘flash” pyrolysis
process designed to recover one barrel of synthetic
fuel oil for every 0.9 tonne of as-received refuse. This
synthetic fuel is low in sulfur, with a heat value ap-
proaching 75 percent of standard No. 6 oil. The Gar-
rett pilot plant has been successfully operated on a
3.63-tonne-per-day basis and a full-scale installation
using this system has been proposed for the City of
San Diego. Refuse must be preshredded to particles
smaller than 5.08 cm, then air-classified to remove
inorganics, and finally dried to 3-percent moisture
content. Glass and metals are separated through air
classification and subsequent screening. But so far
proprietary considerations have prevented details of
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the pyrolysis reactor from being released.

Several other schemes, inappropriately called “‘py-
rolysis” systems, are in fact more closely related to
high-temperature incineration. Such developments
include the Torrax System, now operating in Erie
County, New York, and the Monsanto Landgard sys-
tem to be used in a 907-tonne-per-day plant now
under construction in Baltimore, Maryland.

Contemplated, compact combustion

A fourth and final energy-recovery method at-
tempts to take existing off-the-shelf hardware and
adapt it to solid waste disposal. This system is under
development by the Combustion Power Company at
Menlo Park, California, and is known as the CPU-400
unit.

After required shredding and air classification,
waste will be burned in a fluidized-bed combustor,
and the hot gases produced will flow through a tur-
bine, powering an electric generator. The system also
provides for materials recovery through subsystem
processing.

Currently envisioned installations will occupy less
than 8100 square meters of land, allowing several
plants to operate as refuse processing ‘‘satellites’”
around large urban areas. Such a satellite system
could minimize expensive refuse collection and hau-
lage costs.

Combustion should take place at a relatively con-
stant 820°C. Hot gases from the combustor will pass
through a series of inertial separators that collect par-
ticulate matter. Cleansed gases will pass through the
turbine generator and out the exhaust stack.

This system is essentially at the drawing board and
pilot-plant stage, with no major installations as yet
planned. The economics and performance character-
istics of the process are available only from manufac-
turers’ estimates, and are not easily compared with
the other proposed energy-recovery systems.

REFERENCES
1. Elements of Solid Waste Management (A training manual),
USEPA (DHEW), Cincinnati, 1970.

2. Hagerty. D). J., Pavoni, J. L., Heer. .J. E., Jr., Solid Waste Man-
agement. New York: Van Nostrand Reinhold, 1973, pp. 5-6.

3. Wisely, F. E., Sutterfield, G. W., Klum, D. L., “St. Louis power
plant to burn city refuse.” Civil Eng., vol. 41, Jan., 1971,

4. Pavoni. J. L., Hagerty. D. J., Heer. J. E.. Jr., Preserving Man's
Environment. Louisville: Data Courier, Inc., 1974, p. 276.

John E. Heer, Jr. and D. Joseph Hagerty have been
involved in solid waste management research since
the passage of the Solid Waste Act of 1965, and
have jointly authored two books on the subject. They
are both currently on the faculty of the University of
Louisville, Department of Civil Engineering. They re-
| cently completed a fifteen-month study concerning
solid waste management which included an exten-
sive tour of European installations. They have served
as waste management consultants to local. state,
and regional governments, and to the Appalachian
Regional Development Commission. Drs. Hagerty
and Heer both received the B.C.E. and M.Eng. de-
grees from the University of Louisville and the M.S.
and Ph.D. degrees from the University of lllinois.
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majority of business does so (again, quite possibly be-
cause of business’ key role in establishing said ethic).
But for the corporation to change, corporate leaders
must foster changes in ethical standards. We must
now arrest and reverse the downward trend of ethical
standards, and the cynical outlook extant in the U.S.
What is the general public to think when business lead-
ers insist on remaining silent concerning Watergate
and its related crimes and offenses against decent gov-
ernment?

In the second place, business leaders need to foster
changes in social standards. Richard Gerstenberg,
chairman of the General Motors Corporation, states
the objectives, if not the vitally needed methodology
to accomplish such social goals: *“As a nation we have
launched ourselves on a most ambitious social agen-
da. We want to achieve even higher standards of edu-
cation, health, and well-being for all our people. We
want to abolish poverty. We want to preserve and re-
store the beauty of our great resources; our land, our
waters, and our skies. We want to give every Ameri-
can—of whatever color, religion, or background—an
equal opportunity to become all he is capable of be-
coming. We aim for full employment, and even more
—the full opportunity for everyone to participate in
all that America has to offer.”

Third, and perhaps most important, corporate
leaders must foster internal management adaptation.
A list of recent past and future management prac-
tices, developed by George A. Steiner of the U.C.L.A.
Graduate Business School and representing a change
in the world view of management, is given in Table I.

According to this new view of social responsibility,
the aim of business is not to ameliorate social prob-
lems; it is to make definite and positive contributions
to help the larger society achieve the goals it sets for
itself. (Perhaps the classic definition of management
remains appropriate for small corporations. It is the
actions of large corporations that are crucial')

The far-reaching intellectual revolution essentially
involves realizing that new wealth is more and more
going to flow from infusions of knowledge into both
social and economic processes and from substituting
energy for materials in production processes. The
United States enjoys real opportunities for social and
economic innovation. But in recent years, the proba-
bility has risen that major responses to such opportu-
nities by established institutions will be reactionary
and nostalgic, rather than imaginative and confident.
Credibility has declined because of leadership timidi-
ty, traditionalism, and defensiveness.

Challenges

Let me list some elements in the challenges facing
our society and the corporation of the future. The ac-
tions that business must consider are:

1. Realize and promote actively new Government
policy that applies real science to social affairs, just
as business took the lead in the 19th Century in
applying real science to industrial affairs. A burst of
innovation is needed to develop systems that would
measure gains in social welfare. The approach should
be in terms of major systems, their observation,
structural interaction, and desired evolution.

2. Seek actively the creation of social markets for
private production of the public goods people want in

order to enhance the quality of their lives.

3. Initiate broad efforts to improve governance of,
along with public participation in, our present na-
tional system of urban regions, by, for example, es-
tablishing, in order to analyze and finance urban inno-
vation, a nationwide network of urban-observatory
development banks combined with a central develop-
ment bank.

4. Take the lead in constructively restructuring
economic policy by realizing business’s own need for
vastly improved and expanded public policy analysis,
in order to refashion policy consistent with environ-
mental imperatives that are scientifically valid rather
than emotion-generated.

5. Instigate a marketing revolution to shift from de-
sign, manufacture, and sale of products to functional-
ly oriented marketing of systems for satisfying human
wants. Business would sell health maintenance,
transportation services, shelter services, and nutri-
tion, instead of selling health products, cars and
trucks, houses and durable goods, and food and drink.

6. Create entirely new advertising and communica-
tions philosophies, consistent with new marketing
systems and values.

7. Initiate changes in investment theory and policy
to avoid overvaluing short-run profit results at the ex-
pense of long-range human results. Restructure the
role of investment analysts and broaden corporate
ownership.

In my opinion, the new age offers the promise of a
good life for all citizens of the U.S. and peace and co-
operation with other countries. The challenge to the
Space Age corporation and its leaders is to invent a
future that people want. Finally, but by no means
least, the electronics industry, with its fantastic
promise derived from prospects of a million-fold in-
crease in the speed of communication, should itself
take the leadership in infusing our society with
knowledge that can ease the transition to the new
corporation.

Carl H. Madden is the Chief Economist for the
Chamber of Commerce of the United States, a post
he has held since December 1963. Prior to that he
was Economist for the U.S. Senate Banking and
Currency Committee, and was dean of the College of
Business Administration at Lehigh University. Dr.
Madden is manager of the Chamber’'s Economic
Analysis and Study Group which examines long-
range problems of national policy over a wide spec-
trum of economic and social questions. He has been
chairman of the Conference of Business Economists
and of the Business Advisory Council of the Labor
Dept. Dr. Madden is a member of the board of trust-
ees of the Joint Council on Economic Education and
of the board of directors of the World Future Society.
He was graduated from the University of Virginia
with a B.A. degree, with honors in philosophy, and
holds the M.A. and Ph.D. degrees in economics from
the same university. He is also a graduate of the
Stonier Graduate Schoo! of Banking at Rutgers Uni-
versity, where he has been a member of the faculty.
The present article is based upon Dr. Madden's re-
marks before the Electronic Industries Association’s
1974 Spring Meeting.
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Assures ‘fiddle free’ trigger stability far beyond the oscilloscopes bandwidth ot
EXTREMELY LIGHT — ONLY 19.8 POUNDS ! KT, BL0ps . -
Because every pound counts on a field service call Uf}."’ MT!;N . . "
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Goes almost anywhere ! i o Y » re
PM3260E { ECONOMY MODEL ) ONLY $ 1850.00 COMPLETE WITH SNAP ON COVER

The standard version PM3260, priced at only $ 1950.00 comes equipped with
built in full power connections for active probes.

FOR ADDITIONAL INFORMATION, contact Philips Test & Measuring Instruments, Inc.
ANORTH AMERICAN PHILIPS COMPANY
400 Crossways Park Drive  Woodbury, New York 11797
Telephone: (516) 921-8880 Twx: 510 221 2120

SPECIAL APPLICATIONS INFORMATION * HOT LINE *
DIAL TOLL FREE NUMBER (800) 645-3043
NEW YORK STATE, CALL COLLECT (516) 921-8880
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The Los Angeles Convention Center

I. Capsule guide

Twenty-seven technical sessions complement over
280 exhibits and cover many disciplines

A closer look at the 1974 WESCON technical
program shows the technical papers about
evenly divided between advanced-component
technologies and marketing and management
topics. The former includes papers on the
latest display technologies, CCDs (charge-
coupled devices), microprocessor ICs. and
microwave components. The latter includes
the entire gamut of business-related topics
from how to raise capital for a new business
venture to the ability of corporate. manufac-
turing, and marketing personnel to develop
strategies for meeting such business crises as
parts and power shortages.

WESCON will be held in the Los Angeles
Convention Center, Tuesday. September 10,
through Friday. September 13. Exhibits will
be on the Center’s main floor and the techni-

Roger Allan Associate Editor
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cal program on the mezzanine level. Show
hours are from 9:30 a.m. to 5:00 p.m., Tues-
day and Thursday: 9:30 a.m. to 9:00 p.m.,
Wednesday: and 9:30 a.m. to 4.00 p.m., Fri-
day. Technical-paper sessions are in the
morning (10:00 a.m. to 12:30 p.m.) and af-
ternoon (2:00 to 4:30 p.m.). Doors to the
Center will open for registration at 8:30 a.m.
daily.

Special features include science-and-engi-
neering and management film theaters, an
industrial-distribution = marketing  session
(Monday. September 9), and a special **Psy-
chotronics’ session (Wednesday. September
11, 7:00 to 10:00 p.m.) in which researchers
from U.C.L.A.'s Neuropsychiatric Institute
will discuss their findings on human para-
psvchological phenomena. A special evening
session on engineering pensions has also been
scheduled. to be held Tuesday, September
10, 8:00to 10:00 p.m.
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2. Scanning the sessions

WESCON’s technical program follows the product
exhibits closely. The four exhibit categories of com-
ponents and microelectronics, instruments and instru-
mentation, production and packaging, and computers
and communication constitute four of five areas of
technical-program coverage—the fifth being manage-
ment, marketing, and finance.

This year’s show has fewer sessions than last year’s
(27 vs. 33) and approximately the same average of four
to five papers per session. To keep the technical-
program attendance from sagging by the week’s end,
two of the most interesting sessions, 26 and 27, are
scheduled for Friday morning. To allow show attendees
enough travel time to and from WESCON, no technical
sessions have been scheduled all day Monday and Fri-
day afternoon. A brief description of the five broad
areas of coverage follows.

Components and microelectronics

Six of the 27 sessions are devoted to charge-coupled
devices (CCDs) and microprocessors. Session 2 pro-
vides a basic understanding of what CCDs are, how
they work, and where they can be applied. Session 6
points out the distinct advantages of CCDs as low-cost,
mass-storage memories to replace disk and drum
memories. Most major semiconductor manufacturers
are quietly engaged in CCD-memory research and some
have produced a few experimental devices.

The microprocessor’s impact on the way engineers
design circuits is already being felt, as more and more
microprocessor ICs become available commercially.
There are four microprocessor sessions that are de-
signed to provide all there is to know about micro-
processors—not only how they work and what they can
do, but also what is available on the market, and their
impact on future as well as current product designs.

Session 11 provides an overview of the microprocessor
market—ways of getting started, software availability
and performance, and how to select the right micro-
processor for a given application. Its follow-up session
(15) will describe several new microprocessor systems
such as the Fairchild Semiconductor F8;, Motorola’s
M6800; National’'s FACE (Field-Alterable Control
Element); and new families from Signetics, Intel, Rock-
well Microelectronics, and RCA Semiconductor.

Session 19 is a semitutorial one—explaining and
exploring the concept of microprocessors. Speakers in-
clude academicians as well as industry experts. The
follow-up session (23) shows the microprocessor’s
impact on electronic equipment design. Several design
examples of microprocessor applications will be
presented.

The continuous process in the various types of dis-
play technologies will be reviewed in session 26,
“Emerging Display Technologies.” Optical character-

istics of ac plasma panels, multilayer aspects of

gas-discharge panels, thin-film-transistor liquid-
crystal matrix arrays, and a photooptical video-disk
system will be reviewed.

Session 3 will review the progress of *‘Microwave and
Millimeter Solid-State Components.” Papers are

slated on low-noise, high-gain microwave amplifiers
that operate in the 4.0- to 8.0-GHz frequency range,
tuned oscillators, mixers and millimeter IMPATT,
and Gunn-effect devices.

Instruments and instrumentation

With modern ECL and Schottky TTL digital cir-
cuitry, nanosecond-rise-time signals with clock/pulse
repetition rates to 200 MHz are becoming all too com-
mon. However, measuring these types of high-speed
signals accurately presents many problems. Session
97 addresses itself to these problems within three
broad categories which are: systems, time, and ampli-
tude.

Organized by a group of engineers that did Depart-
ment of Defense contract work at the Massachusetts
Institute of Technology’s Lincoln Laboratory, this
session concentrates on accurate measurement tech-
niques developed using digital logic ICs, some of
which are currently available on the market, for high-
speed amplitude and timing measurements.

On the systems level, examples will be given of sys-
tems problems that are unique to high-speed circuits.
These include finite-velocity signal-propagation al-
lowances, excessive signal losses during transmission
and reception, and the elimination of “‘ringing”” and sig-
nal reflections. Amplitude-measurement problems dis-
cussed include examples in threshold, sample-and-
hold, and nanosecond pulse generator circuits. And
lastly, in terms of the time domain, methods for solving
problems associated with the measurement of the inter-
val between two unknown signals or the generation of a
predetermined time interval will be considered.

On the subject of high-speed signals, workshop
panel session 20 will demonstrate some solutions to
problems encountered when working with very fast
pulses used in TDR (Time Domain Reflectometry)
and FDR (Frequency Domain Reflectometry) mea-
surement techniques for detecting faults (open or
short circuits) in transmission lines.

Automatic testing of electronic components and sys-
tems is today more of an economic necessity for many
industries than ever before. This new ATE (Automat-
ic Test Equipment) technology has spawned many
problems, not uncommon to emerging technologies
that will be debugged with time. Session 22 addresses
itself to LSI (Large-Scale Integration) testing prob-
lems at the component level. Testing on the wafer
level, the merits and cost-effectiveness of different
LSI test methods, CMOS (Complementary Metal-
Oxide Silicon) testing, and testing of LSI memories
are all on the agenda.

Session 25 is all about testing ICs on the printed-
circuit-board level. Because digital logic ICs have be-
come more complex, their testing has become even
more expensive. This session will explore new systems
to beat the high-cost testing problem.

Session 12 covers the range of needs and trends in
medical electronics instrumentation. Included will be
papers on progress in blood-flow measurements, mea-
surements of blood-flow by magnetic resonance, ap-
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plications of pulsed ultrasonic doppler and flowme-
ters, and pacemaker evaluation methods.

Production and packaging

The continued miniaturization of electronic compo-
nents, such as ICs, has placed great demands on pack-
aging and production methods. It is one thing to de-
sign a novel device with fantastic potential on paper
and altogether another thing to manufacture and
package that device at a reliable yet economical level,
consistent in small size with other miniature compo-
nents with which it is to be mated. Three sessions (9,
17, and 21) address themselves to some of these prob-
lems.

For several years, we’ve heard the pros and cons of
various bonding techniques for semiconductor devices
in hybrid circuits—the step that connects the inside
world of the semiconductor IC to the outside world of
the much larger discrete component. In fact, no body
of expert opinion can agree on “the best” bonding
method. Session 17, a clinic on hybrid microelectron-
ics semiconductor bonding, will host a “round robin”
user panel familiar with everyday problems and solu-
tions involving ‘*‘chip-and-wire,” “flip-chip,” and
‘“beam-lead” bonding technologies.

Session 21 is intended to clarify and develop proper
perspectives on a number of misconceptions, widely
held, about additive-circuit manufacturing methods
for making printed circuits. Their advantages and
limitations will be looked at. Papers will deal with
the status of the additive process, how a user sees this
process, combining additive and subtractive pro-
cesses, using a dry-film resist for the additive process,
and a look at a fully additive process that uses no liq-
uid.

The economics, availability, and reliability of plas-
tic encapsulated microelectronic circuits (monolithic
and hybrid) as well as discrete components will be
heard from the user’s viewpoint in session 9. Speakers
representing the automotive, computer, and calcula-
tor fields will present papers.

Computers and communications

Ever since the historic Carterfone decision in 1968,
which allowed other companies to compete with the
Bell System in the manufacture of data-communica-
tions equipment, there has been an explosive growth
in this field. The proliferation of common-carrier
companies has given the user a wide choice of service,
which has not been without its problems. Session 14

IEEE spectruin SEPTEMBER 1974



The company that gave you the solution
fo memory testing... NOW INTRODUCES

THE
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the first low-cost microprocessor tester.

Once semiconductor memories were “impossible”
to test. Then Macrodata came up with the answer.
Now, testing microprocessors is a whole new game.
Even if you test all the logic on your chip with tens
of thousands of test patterns, it does not guarantee
that your microprocessor is a good device.

Classically, computers are tested through the sim-
ulation of instructions, so each and every individual
instruction must be simulated. But experience has
proven that even when each individual instruction
works, it is no final guarantee of processor logic.
Therefore, sequences of instructions must also be

tested— which implies the use of new test techniques.

That’s where Macrodata’s new Big “M” Micropro-
cessor Tester comes in. With its processor-control-
led buffer memory, the Big “M” provides the only
low-cost solution to this testing problem. The Big
“M” can do simulation on your microprocessor not
only on an instructional basis but also on sequences
of instructions.

Whether you're a manufacturer or a user of micro-
processors, Macrodata's new Big “M” is your answer!
For immediate action, call the marketing depart-
ment, or send for more information.
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sheds some light on this area by presenting new and
significant advances in communications networking.
Four speakers, three of them common-carrier spokes-
men (AT&T, Western Union, and Bell Canada) and
the fourth, a consultant, describe the real world of
digital communications—what is currently available
to fill the user’s needs.

Session 7 presents a broad survey of the current
status of and near-future projections for radar tech-
nology. Four papers will survey four main radar
fields: the rapidly growing area of RF solid-state tech-
nology; modern long-range surveillance radar; high-
resolution, synthetic-aperture, mapping radar with
applications to earth-resources studies: and recent de-
velopments in airborne MTI (Moving-Target Indica-
tor) doppler radar, using advanced digital signal-pro-
cessing techniques to improve radar resolution.

The special session on “Psychotronics” Wednesday

GaAs FETs allow this advanced full C-Band amplifier to op-
erate over 4.0 to 8.0 GHz at 20-dB gain and 6.5-dB manxi-
mum noise (session 3).

A test fixture, part of a cost-effective testing system used in
the manufacture of electronic subassemblies. The two
boards on the fixture are Fluke 8000A digital-voltmeter sub-
assemblies under test (session 25).

W10

evening is all about communications of a different
kind—telepathic. Five speakers from U.C.L.A.’s Neu-
ropsychiatric Institute headed by Dr. Thelma Moss
will talk about their work in applying electronic equip-
ment to study the “human energy” field. Slides, pho-
tographs, live demonstrations and motion-picture
film will be used to exhibit experiments in Kirlian
photography (the science of photographing human-
energy emanations with high-voltage discharges
around the body), bio-energy and human interactions,
and some unorthodox therapeutic techniques.

Session 10 deals with computer power. The prob-
lems of line-voltage and frequency variation and of
brownouts and blackouts as seen by a large com-
puter-systems manufacturer, a semiconductor-memo-
ry manufacturer, a power-supply manufacturer, and a
major public utility will be presented.

Management, marketing, and finance

The number of sessions dealing with the business
aspects of electronics is constantly increasing. This is
in recognition of the fact that commercial activity of
the electronics community is as important as engi-
neering development—if not more so.

If you'’re trying to run an electronics company
today, a constant environment of crisis and uncer-
tainty can be expected—ranging from local power-cut
problems that may force you out of business to parts
shortages involving waits of up to 60 weeks for capaci-
tor deliveries. How to develop strategies to deal with
such crises as these will be the subject of discussion
during session 4.

In the same vein, six distinguished panelists will
discuss how to sell a “better” product in session 18.
Marketing, sales, advertising, publicity, and inquiry
follow-through strategies will be explored.

Session 5 deals with the crucial problem of raising
capital for either starting a new business or expand-
ing a growing operation in a tight-money world. A
panel of financial and management experts will dis-
cuss how to prepare an effective business plan con-
taining the key elements that an experienced venture
capitalist, financial analyst, and banker looks for.

Electronics is always looking at new markets to be
penetrated. One such market is agriculture. Session 8
is intended to stimulate members of the electronics
community to view their technology in the light of
the problems facing agriculture in the U.S. This in-
cludes such problems as livestock-identification
means, using computers in the dairy industry, and
using electronic technology for animal health care.

Panel session 13 has three senior electronics execu-
tives who will give short case histories of how each of
them translated new technologies into marketable
products.

What will the future role of electronics be in soci-
ety? How will it affect the quality of life? What tech-
nological changes can we foresee as a result? Session
16 attempts to answer these questions.

Session 24 takes a look at how designers can cope
with a set of design specifications within a fixed de-
sign cost. It will compare some military design pro-
grams to ones in the industrial sector.

And, finally, how to teach nontechnical personnel
to operate and maintain technical equipment is the
subject of session 1.
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The MACRODATA MD-I07

Memory System Analyzer!

Imagine a tester that can handle plated-wire,
core, or semiconductor memories . .. that can
test complete computer memory systems, mem-
ory boards, or memory chips. .. that can oper-
ate at 10 MHz and compare up to 160 data bits
at any of 16,000,000 addresses.

The Macrodata MD-107 Memory System Ana-
lyzer does it all.

e Macrodata's Cascaded Computer Control
Testing Concept ® Minicomputer, Micropro-
grammable Processor, and CRT Display ¢ Key-

board Entry of Test Programs e Split Cycle
Timing Capability e Sophisticated Address
Manipulation Capability ® Simple Software Lan-
guage with Display of Directive Action for
Operator Based on Test Results e Extensive
Sync Capability e CRT Display of Device
Inputs/Qutputs for Test Monitoring ¢ CRT Mes-
sage Display for Easy Program Debug e Com-
plete system under $50,000.

For the full story, send for the MD-107 brochure,
or call us directly.
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1974 WESCON TECHNICAL PROGRAM (Los Angeles Convention Center Mezzanine)

Date

and Room 212A Room 212B Room 217A Room 217B

Time

Tuesday Session 1 Session 2 Session 3 Session 4

September 10 Teaching Nontechnical Introduction to Microwave and Millimeter Strategy for

10a.m.— Personnel to Understand and Charge-Coupled Devices Solid-State Components Crisis

12:30 p.m. Use Electronic Equipment

Tuesday Session 5 Session 6 Session 7 Session 8

September 10 How to Prepare Advances in Modern Radar New Markets in )
2p.m.- an Effective Business CCD Memories Technology Agriculture for Electronic
4:30 p.m. Plan to Raise Capital Technology
Wednesday Session 9 Session 10 Session 11 Session 12

September 11
10 a.m.—~

Status of Plastic Encap- What To Do If the Lights Go
sulated Semiconductors— Out—The Uninterruptible

Needs and Trends
in Medical Electronics—

Microprocessors—
Market, Design,

12:30 p.m. Fact, Not Fiction Power Story Applications 1974
Wednesday Session 13 Session 14 Session 15 Session 16
September 11 Taking Your Technology The Real World of Microprocessors—The Quo-Vadis

2p.m.-

to New Markets Digital Communications

Second Generation Electronics?

4:30 p.m.
Thursday Session 17 Session 18 Session 19 Session 20 )
September 12 Hybrid Microelectronics Selling Your “Better The Microprocessor Fault Detection in
10a.m.- Clinic on Semiconductor Mousetrap” Revolution—Part | Transmission Lines
12:30 p.m. Bonding Using TDR and FDR
Techniques (Panel)
Thursday Session 21 Session 22 Session 23 Session 24 _
September 12 The Status of Additive LS| Testing The Microprocessor Design-To-Price

2p.m-
4:30 p.m.

Printed Circuits Today

Revolution—Part Il

Friday
September 13
10a.m.—
12:30 p.m.

Session 25 Session 26
Automatic Testing Emerging Display
of PCBs—Ways and Technologies
Methods

Session 27

Applications of Digital Logic
to High-Speed Amplitude
and Timing Measurements




The world’s broadest line of displays

IEE-TITAN
Projection Readouts
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Industrial Electronic Engineers, Inc. | | SEE THESE PRODUCTS AT WESCON

7740 Lemona Ave., Van Nuys, California 91405 September 10, 11, 12, 13
Telephone: (213) 787-0311  TWX 910-495-1707 Booths #1314 - 1315

6707 Schifferstadt, Eichendorff-Allee 18, Germany, Tel. 06235-662

<
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3. WESCON technical program

Tuesday, September 10
Morning Sessions
10:00 a.m.—12:30 p.m.

Session 1: Teaching Nontechnical
Personnel to Understand and
Use Electronic Equipment

Room 212A

Session Organizer and Chairman: Erich A.
Pfeiffer, Biomedical Engineering Sec-
tion, Veterans Administration Hospital,
Sepulveda, Calif.

1 Lectures, Slides, and Other Visual
Aids, Fred J. Weibell, Biomedical Engi-
neering and Computing Center, V. A.
Hospital, Sepulveda, Calif.

2 Manuals, Models, and Simulators,
Erich A. Pfeiffer, V. A. Hospital, Sepul-
veda, Calif.

3 Filmstrips, Ralph Tuchman, Harris-
Tuchman Productions, Hollywood, Calif.

1/4 Video Tapes, Walt Robson, Heulett-
Packard, Palo Alto, Calif.

Session 2: Introduction to Charge-
Coupled Devices

Room 2128

Session Organizer and Chairman: Jules H.
Gilder, Electronic Design Magazine, Ro-
chelle Park, N..J.

2/1 Charge-Coupled Devices An Over-
view, Walter F. Kosonockyv, RCA Labo-
ratories, Princeton, N.J.

2/2 Signal-Processing Applications for
CCDs, Robert Broderson and ). D.
Buss, Texas Instruments, Dallas, Tex.

2/3 CCD Image Sensors, Allen L. Solo-
mon, Fairchild Semiconductor, Palo
Alto, Calif.

Session 3: Microwave and Millimeter
Solid-State Components

Room 217A

Nession Organizer and Chairman: W. K.

Kennedy, Watkins-Johnson. Palo Alto.
Calif.

3/1 Microwave Amplifiers, Martin
Walker, Watkins-Johnson
3’2 Millimeter IMPATT Devices,

Bruce Kramer, Hughes Aircraft. Elec-
tron Dynamics Div., Torrance. Calif.

3’3 Millimeter Gunn-Effect Devices,

Robert Golduwasser, Varian Associates,
Solid State West Div., Palo Alto, Calif.

W14

3/4 Microwave Varactor-Tuned Oscil-
lators, Ronald Buswell Watkins-John-
son, Palo Alto, Calif.

3/5 Microwave Mixers, Ferenc Marki,
Watkins-Johnson, Palo Alto, Calif.

Session 4: Strategy for Crisis

Room 2178

Sesston Organizer and Chairman: Frank

Burge, Integrated Communications Sys-
tems, Sunnyvale, Calif.

Lo

1 Introduction, Frank Burge, Integrat-
ed Communications Svstems

4’2 Minimizing Risks, Delays in Cus-
tom MOS Circuits, Joe Mingione.
American Microsystems, Santa (lara.
Calif.

4,3 The Demand Crisis and Its Effect
on Manufacturing, George Winn, John
Fluke Manufacturing, Seattle, Wash.

4’4 The Backlog Crisis and Its Effect
on Marketing and Distribution, Larry
Pond, Liberty Electronics, El Segundo.
Calif.

1’5 The Financing Organization's
Viewpoint, Tom Swegle, Wells Fargo.
Special Industries Group, Costa Mesa.
Calif.

Tuesday, September 10
Afternoon Sessions
2:00 p.m.—-4:30 p.m.

Session 5: How to Prepare an Effec-

tive Business Plan to Raise
Capital
Room 212A
Nesston Organizer and Chairman: C. C. E,
Hoebich, Hoebich Venture Manage-
ment, Palo Alto, Calif.
Panelists:
Eugene Kleiner, Kleiner & Perkins. Menlo
Park, Calif.

Burton R. Cohn, Pricate [nvestor, Sher-
man Oaks, Calif.

Brent T. Rider, Union Venture, Los An-
geles, Calif.

Christain Hoebich, Hoebich Venture Man-
agement, Palo Alto, Calif.

Session 6: Advances in CCD Memo-
ries
Room 212B

Nession Organizer and Chairman: Jules H.

Gilder, Electronic Design Magazine, Ro-
chelle Park, N..J.

61 CCDs as Drum and Disk Equiva-
lents, James M. Chambers, Donald J.
Sauer, and Walter F. Kosonocky, RCA,
Van Nuys, Calif.

o>

2 CCD Memory Concepts, Marc Gui-
dry, Fairchild Semiconductor. Palo Alto,
Calif.

6/3 Serial-Memory Charged-Coupled
Devices, [Douglas R. C(olton, Bell-
Northern Research, Ottawa, Canada

61 A 16 384-Bit Low-Cost Serial CCD
Memory Element, Marvin White,
Westinghouse Electric, Baltimore, Md.

Session 7: Modern Radar Technology

Room 217A

Nesston Organizer and Chairman: Gene W,
Zeoli, Hughes Aircraft, Aerospace
Group, Culver City, Calif.

71 Advanced RF Solid-State Radar
Technology, John Smith and Robert T
Kemerly, AFAL TEM, Wright Patter-
son AFB, Dayton, Ohio

7/2 Recent Developments of Airborne
MTI1 Doppler Radar, David A. Kramer
and Ethan Aronoff. Hughes Aircraft,
Culver City, Calif.

7 3 Modern Long-Range Surveillance
Radars, William S. Jones and Louis F.
Meren, Westinghouse Electric, Balti-
more, Md.

4 Synthetic-Aperture Radar, L.
Graham, (ioodvear Aerospace, Litch-
field Park, Ariz.

-1

Session 8: New Markets in Agricul-
ture for Electronic Technology

Room 2178

Session  Organizer and Chairman: John
Hanton. Montana State University,
Bozemnan, Mont.

8 1  Animal Health and Ultra-Technol-
ogy—Today Versus Tomorrow, C(ole-
man Henslex. Los Alamos Scientific
Laboratories, Los Alamos, N.M.

8 2 Application of Computers to the
Dairy Industry, Bliss Crandall. DHI
Computer Center. Proco, Utah

8 3 Problems of Western Agriculture,
Ronald D. Plowman, Utah State Uni-
versity, Logan, Utah

8 1 Electronic Means of Livestock

Identification, John Hanton, Montana
State University, Bozeman, Mont.
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VISH “Tﬂ“!

wesCon /-

ROCOTHS No 4009 and No 4010

S@@ the miniature Vidi-

con Television Camera, one of a
dozen special use television cameras
manufactured in Utah by Edo
Western Corp.

S@@ the new Metric Con-

version personal computer. Manu-
factured in Utah by Summit Corp.

1:;.5.‘-'"4 SN . i o
S@@ Soundcaster, - Prod-
uct of the year, 1973" - the trans-
mitter that turns ANY sound source
into a miniature broadcasting station

Manufactured in Utah by Sound-
caster Audio Corporation.

Win the West from

1IEEE spectrum SEPTEMBER 1974

S@@ the Quarza watch,

the finest liquid crystal digital time-
piece available, with an accuracy of
12-seconds a year. Manufactured in
Utah by Cox Electronics Systems, Inc.

S@@ the Television Char-

acter Generator which provides
alphanumeric displays for CATV
Broadcast and Closed Circuit Sys-
tems. Manufactured in Utah by
TeleMation, Inc.

Circle No. 119 on Reader Service Card

S@@ the new lightweight

Stability Augmentation System (SAS)
and Autopilot, along with various
electronic boards and modules
Manufactured in Utah by E-Systems
Inc., Montek Division.

SCOVES

why Electronics manufacturers can
expect a 10% higher net income in
Utah. (New research shows elec-
tronics manufacturers can expect
higher profits in Utah than other
parts of the country. Ask for a copy
of the report.

)
W“ I one of the products

shown above by taking our two-
minute quiz about Utah. We'll be
giving away other gifts and memen-
toes, too. The easy-to-find answers
to the quiz can be found at our
exhibit. You'll learn some interesting
facts you didn’'t know about Utah
and you may win a valuable prize.

UTaH!

—heart of the 33 million Western
market.

w13




A Totally
“New Concept for -
Data Reference

and Storage....

Z-FOLD STACK FLAT CHART
ROLL CHART
for Direct Photorecording
Oscitlograph.

Y

Classification:

Type C Special image stability model
for ultra violet ray.

Type W Compatible with Tungsten,
Mercury, Xenon light sources.

Various sizes available upon specifi-
cation.

|

|

AGENTS WANTED # |

Direct inquiries and orders to:

ORIENTAL PHOTO IND.CO, LTD.

Foreign Trade Division

2-15, Ginza 2chome, Chuo-ku, Tokyo, Japan

Cable: OPIC TOKYO Tel. Tokyo 03-562-3722
Circle No. 129 on Reader Service Card
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Wednesday, September 11
Morning Sessions
10:00 a.m.-12:30 p.m.

Session 9: Status of Plastic Encapsu-
lated Semiconductors—Fact, Not
Fiction

Room 212A

Nession Organizer and Chairman: Edward
B. Hakim, U.S. Army Electronics Com-
mand, Fort Monmouth, N.J.

9’1 Plastic-Encapsulated Semiconduc-
tors in Auto Radios, K. Kobersberger,
Delco Electronics, GMC, Kokomo, Ind.

9/2 Proving Plastic for Profits, J. Pig-
natiello, National Cash Register, Day-
ton, Ohio

9’3 A Reliability Evaluation of Plastic-
Encapsulated Semiconductor Compo-
nents, H. (. Gorton, Vector Comptome-
ter, Des Plaines, Ill.

9/4 Reliability of Ceramic and Plastic
Encapsulated ICs in a Computer En-
vironment, M. Halleck and K A John-
son, Honeywell Information Systems,
Phoenix, Ariz.

Session 10: What To Do If the Lights
Go Out—The Uninterruptabie
Power Story

Room 212B

Session Organizer and Chairman: David
N. Kaye, Electronic Design Magazine,
Inglewood, Calif.

10/1 Designing Protection Against
Brownouts and Blackouts into a
Large Computer System, John M.
Roberts, IBM Systems Products Div.,
Kingston, N. Y.

10’2 Protecting Semiconductor Memo-
ry Against Power Variation of Inter-
ruption, Milton Watson, Texas Instru-
ments, Digital Systems, Austin, Tex.

10/3 Uninterruptable Power—Through
the Eyes of a Power-Supply Manufac-
turer, Kenneth E. Olson, Topaz Elec-
tronics, San Diego, Calif.

10’4 Uninterruptable Power—Through
the Eyes of a Major Power Company,
Carl F. Osborn, Los Angeles Depart-
ment of Water and Power, Los Angeles,
Calif.

Session 11: Microprocessors—Mar-
ket, Design, Applications

Room 217A

Nession Organizer and Chairman: David
Froelich, IC Update "Master. Sunnyvale,
Calif.

11’1 The

Microprocessor Market—

Now and Future, Bob Wickham, Crea-
tive Strategies, Palo Alto, Calif.

11/2 Building Low-Cost Systems with
Microprocessor Hardware, Matt Bieu-
er, Pro-Log, Monterey, Calif.

11/3 Microprocessor Design—Use the
Software Too, Jim Lally, Intel, Santa
Clara, Calif.

11’4 How to Select a Microprocessor
for Your Application, Jerry Larkin,
National Semiconductor, Santa Clara,
Calif.

Session 12: Needs and Trends in
Medical Electronics—1974

Room 2178B

Session Organizer and Chairman: Morton
D. Schwartz, California State Universi-
ty, Long Beach, Calif.

12/1 Electronics in Medicine: An Over
view, Morton D). Schwartz, California
State University, Long Beach, Calif.

12/2 Electronic Applications in Thera-
peutic Devices, Albert M. Cook. Cali-
fornia  State University, Sacramento,
Calif.

12’3 Pacemaker Evaluation Methods,
Brewer Ward, St. Mary’s Hospital, Long
Beach, Calif.

12/4 The Plasatron as a High-Voltage
Switch in Defibrillators, Dick Fleenor,

Gould Medical Systems, Sunnyvale,
Calif.
12/5 Progress in Blood-Flow Measure-

ments, Jay R. Singer, University of Cal-
ifornia, Berkeley, Calif.

12/6 Measurements of Blood Charac-
teristics by Magnetic Resonance,
Larry Crooks, University of California,
Berkeley, Calif.

12’7 Pulsed Ultrasonic Doppler Flow-
meter Applications in Medicine,
Wayne S. Foletta, Stanford Electronics
Laboratory, Stanford, Calif.

Wednesday, September 11
Afternoon Sessions
2:00 p.m.-4:30 p.m.

Session 13: Taking Your Technology
to New Markets (Panel)

Room 212A

Nesston Organizer: William .J. Schroeder,
McKinsey & Co.. Los Angeles. Calif.
Session Chatrman: Robert D. Paulson,
McKinsey & Co.. Los Angeles. Calif.

Panelists:

Donald (. Forster, Associate Director,
Hughes Research Laboratories, Malibu,
Calif.



The “Above- Average”’
Sub-System by Celco

G A,

i

-r

’
2000

CELCO makes Precision CRT
Displays for your "‘above-
average” CRT requirements.

Need a CRT spot-size as small
as 0.00065”? This standard
CELCO 5” CRT display is
being used for Satellite
Photography. They needed the
best they could get. You can
get performance like that too
with CELCO’s DS5-065
Precision CRT Display.

A CELCO DS5-08 with 0.1%
linearity, and spot size of
0.0008" is being used by
another CELCO customer for
Nuclear Photography Film
Recording. Special features
include programmable Raster
Generators, and triple-layer
and articulated shielding for
ambient fields from earth’s
field and from dc to RF fields.

Fingerprint Scanning is the job
of CELCO’s DS5-10 Optical
Character Recognition System
for one of our customers. They
needed that wide 2.5 MHz
deflection bandwidth for high-
speed scanning of vast
amounts of data. And the
DS5-10 has a settling time of

///IWW//’7

,'/;,
/4

e
}%ﬁau |

SRS
. VU
SRS IR INY)

10 microseconds to 0.1% large
signal, and 350 nanoseconds
to 0.02% small signal settling
time. Spot-size is 0.001".

One CELCO customer is using
our 5 Color Display System
for color separation and color
photo scanning. One display
does all that!

If your needs are ‘‘above-
average” but your budget is
below-average, CELCO also
makes a 5” Precision CRT
Display System especially for
you that’s ideal for your Low-
Cost Film-Scan applications.
Or if your display needs are
larger, CELCO makes standard
precision 7 and 9” CRT
displays.

Our DS5-075 provides NASA
with a 0.00075" spot-size for
their Viking Orbiter and Viking
Lander satellite photography.
They needed 0.01% repeat-
ability too. And they got it.
From CELCO.

Two different customers with
‘above-average’ display
needs are using CELCO CRT
Display Systems for Astronomy
Research. One is an observa-

tory; they're keeping their eye
on the Sun. The other is
recording their Stellar
Observations with a CELCO
CRT Display System.

High-speed map making is the
task of another CELCO
customer using a CELCO
precision display for
topographical projects.

CELCO displays are helping a
leading Oil Company in their
oil explorations. While another
CELCO display is being used
in Eye Research.

Maps and satellites, eyeballs
and oilwells. All “above-
average” display require-
ments. If your needs are
ABOVE-AVERAGE, you need
a CELCO "above-average"
Precision CRT Display System.

(Don't you think so to0?)

Call CELCO for your ‘“above-
average” CRT Display System.

UPLAND CA 714-982-0215
MAHWAH NJ 201-327-1123
(average isso...ho-hum tous.)

CONSTANTINE ENGINEERING LABORATORIES COMPANY
1150 E. Eighth Street, Upland, CA 91786 70 Constantine Drive, Mahwah, NJ 07430
Circle No. 128 on Reader Service Card
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DELAY LINES

“HI-RATI0" spraoei=

Provides highest ratio of time delay to rise
time in Spiradel family. Maintains same ex-
cellent electrical specs. for which Spiradel
is famous.

R

ADDITIONS TO OUR EXTENSIVE

‘HF, ‘iR’ & ‘VHR’ SERIES

Offers highest ratio of time delay to rise
time ever built in 2 Lumped Constant Line.

ADDITIONS TO OUR

“MINI” & ““MIDI"" SPIRADEL

Affords even greater selection of these high
quality, dual-in-line Delay Lines.

|-G HITERS

FAST PROTOTYPES!

FILTERS OFTEN SHIPPED IN
AS LITTLE AS 2 OR 3 DAYS!

LINEAR PHASE BANDPASS
LINEAR PHASE LOWPASS

PLUS extensive listings of typical Lowpass,
Highpass, Bandpass & Dip Filters we build.

WRITE FOR NEW CATALOGS
SEE OUR PAGES IN EEM

VISIT US AT WESCON
BOOTH 2517

€ Allen Avionics. Inc.

224 E. 2nd St., MINEOLA, N.Y. 11501
PHONE: 516-248-8080

Circle No. 131 on Reader Service Card
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Donald A. Mitchell. Executive Vice Presi-
dent, Rockwell International Electronics
Group, Anaheim, Calif.

William L. Quigley, Director, Marketing
and Planning, Hoffman Electronics,
NavCom Systems Div., El Monte, Calif.

Session 14: The Real World of Digital
Communications

Room 212B

Session Organizer and Chairman: R. W.
Sanders., Computer Transmission, El
Segundo, Calif.

11 1 The User’s Current Needs, Dixon
Doll, Consultant, Ann Arbor, Mich

14/2 Dataphone Digital System (DDS),
Richard Aiken, AT&T, New York, N.Y

11’3 Canadian Nationwide Dataroute
System, David Horton, Bell (Canada.
Ottawa, Canada

11,4 International Digital Data Ser-
vice (IDTS), Ken dJockers, Western
Union International, New York, N.Y

Session 15: Microprocessors—The
Second Generation

Room 217A

Nession Organizer and Chairman: Jerry
Metzger, IC Update 'Master, Sunnyvale,
Calif.

15,1 The F&8 Microprocessor, Datid
Chung, Fairchild Semiconductor, Moun-
tain View, Calif.

152 A New Microcomputer Family,
Hal Feeney. Intel, Santa Clara, Calif

15/3 The M6800 N-Channel Processor
Family, Van Lewing, Motorola Semi
conductor, Phoenix, Ariz.

15/4 FACE, A Field-Alterable Control
Element, Philip Roybal, National Semi-
conductor, Santa Clara, Calif

15’5 The COS'MOS Microprocessor,
Robert Winder, RCA Solid State, Som-
erville, N..J

15/6 The 8-Bit Parallel Processing Svs-
tem, Michel Ebertin, Rockwell Micro
electronics, Anaheim, Calif.

15,7 The 2650 &-Bit Processor, -Juc
Kroeger, Nignetics, Sunnyvale, Calif

Session 16: Quo Vadis Electronics?

Room 217B

Nesston Organizer and Chairman: Rudolf
Panholzer, Naval Postgraduate School.
Monterey. Calif.

16/1 The Future of Electronics, Harold
Chestnut, (eneral Electric, Schenecta-
dv, N. Y

16’2 The Corporation's Measurement

of Success, William [). Walker, Tektro-
nix, Beaverton, Oreg.

16,3 The Role of Telecommunications
and Computers in Facilitating Tech-
nological Changes, William K. Linvill.
Stanford University, Stanford, Calif.

16 1 Electronics and the Quality of
Life, W. [). Rowe. Environmental Pro-
tection Agency, Washington, D.C

Thursday, September 12
Morning Sessions
10:00 a.m.-12:30 p.m.

Session 17: Hybrid Microetectronics
Clinic on Semiconductor Bond-
ing

Room 212A

Nession  Organizer:  Stanley Stuhlberg,
Raytheon, Bedford, Mass.

Sesston Chairman: W. B. Burford, West-
inghouse Aerospace Div., Baltimore,
Md.

Panelists:

W. A, Farrand, Rockwell Autonetics, Anu
heim, Calif.

J. Swafford, Bendix, Kansas City. Mo

Mauro  Walker, Motorola Communica-
tions, Fort Lauderdale, Fla.

R. Ponce de Leon. Motorola Government
Electronics, Scottsdale, Ariz.

Ralph Redemske, Teledvne Microelectron-
ics. Los Angeles, Calif

Lew F. Miller, IBM Systems Product Div.,
Hopewell Junction, N. Y

Randulph  Early, General  Electric,

Lynchburg, Va.

Session 18: Selling Your ‘“Better
Mousetrap”

Room 2128B

Nession Organizer and Chairman: lLarry
Courtney. Larry Courtney Associates.
Thousand Oaks, Calif.

181 Factory Salesmen or Reps—and
How To Motivate Them, Jerm Frank,
IMA, Sherman Oaks, Calif

18 2 Successfully Marketing a New
Product, Jerome Froland, John Fluke
Mfg., Seattle, Wash

183 Using the Trade Press Effectively,
Dan McMillan, Electronics Magazine,
New York, N Y.

18 4 How to Work with an Advertising
Agency, Larry Courtney, Larrv Court-
ney Assoctates, Calabasas, Calif.

18 3 Using Publicity To Launch a New
Product, David Simon. Simon Public
Relations, Los Angeles, Calif

18/6  After You've Got All the Bingo
Cards—What Do You Do with Them?
Mike Simon, Inquiry Handling Service,
North Hollvwood, Calif



Electronics Manufacturers:

more profits in Puerto Rico?

Find out at Wescon’74,
Booth 1319

NE look at the chart tells
the story. Electronics
manufacturers  on  the
U.S. Mainland show an average
profit-to-sales  ratio ot only
3.9%. Your competitors in
Puerto  Rico average 31.6%.

Net Profit

as Percent of Sales

31.6%

That’s eight times more profits.

RCA, Digital Equipment,

Technicon, Bell & Howell,

General Electric, and Westing-

house are some among the lead-

ing electronics  manufacturers

who have opened plants in

Puerto Rico.

Here are a tew of the reasons

why U.S. manufacturers have

come to regard Puerto Rico as

the “Profit Island.”

No Taxes. Because ot Puerto

Rico's unique Commonwealth

relationship with the U.S., ted-
eral taxes do not apply. And
Puerto Rico offers qualified
manufacturers 100% exemption
from all local taxes. That means
no corporate income tax. No
real or personal property taxes.
No excise or municipal taxes.
Intelligent Willing Workers. A labor
torce of 921,000 people with 100,000 immedi-
ately available for employment. And Puerto
Rican workers rival the Japanese for industri-
ousness. Most plants reach 90% to 95%
ethiciency within the first year of operation.
Reasonable Wages. The average hourly
wage in Puerto Rico's electronics industry is

Puerto Rico
(no taxes)

U.S. Mainland

E R

$2.43, as opposed to an clec-
tronics industry average of $4.07
on the U.S. Mainland.

Factory Space Ready and
Waiting. You can choose from a
large inventory of both single-
storyandmulti-level plants.Units
rangingfrom 4,000sq. ft.t0 23,000
sq.ft.areavailable. Andatratesas
low as 75¢ per sq. ft.

Modern Transportation
and Services. San Juan, a
major international port, is ser-
viced by over 30 shipping lines
and 15 scheduled airlines. Point-
to-point trucking service over a
6,000-mile network of roads.
Electric power, water and sew-
age systems as advanced as any
in the U.S.

No other industrial site in
the world can offer the manufac-
turer such a unique combination
of advantages. And, of course, a
Puerto Rican plant gives you
duty-free access to the US.
Mainland and the protection ot
the U.S. Constitution.

Your competitors have al-
ready discovered Puerto Rico. Isn't it time
you did, too?

3.9%

(atter taxes)

Sorrce: (1) Latest available profuability figures (1972),
Commonwedlth of Puerto Rico,  Economic Development
Administration, Office of Industrial Economics and Promo-
uonal Services, January, 1974, (2) Federal Trade Com-
mission Quurterly & Financial Report for Mamidactring
Corporations, First Quarter, 1973

1974 Commonwealth of Puerto Rico

Circle No. 130 on Reader Service Card
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Why do your competitors earn up to 8 times

Puerto Rico delivers on the bottom line
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ELDEMA

Here's the line of indicators
that’s got everything you need
to make you a winner, every-
time! Economy, performance,
flexibility, reliability and wide
selectivity, like:

LED LAMPS/DISPLAYS
plus low cost, easy to use
sockets and mountings

C-LITE® PLUG-IN
CARTRIDGES AND
MATCHING D-HOLDERS

U.L. INDICATOR LITES
Subminiature J-LITES
Low-cost RIB-LOC” LITES
SOLID-STATE INDICATORS
LOW-LEVEL LOGIC-LITES®
MIL-L-3661 R-LITES®
B-LITES; H-LITES; E-LITES
Q-SERIES CLIPS/SOCKETS

Be a winner by having our new Con-
densed Catalog handy! Ask for it
NOwW.

ELDEMA DIVISION

GENISCO
TECHNOLOGY CORP. |

18435 Susana Road, Compton, CA 90221
(213) 537-4750 ® TWX 910-346-6773

See us at WESCON, Booth 3110, |

Circle No. 133 on Reader Service Card
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Session 19: The Microprocessor
Revolution—Part |

Room 217A

Nession Organizer and Chairman: Rudolf
Panholzer, Naval Postgraduate School,
Monterey. Calif.

191 A Teacher Looks at the Micropro-
cessors, B. W. Jordan, Northwestern
University, Evanston, [ll

192 Systems Languages: Manage-
ment’s Key to Controlled Software
Evolution, Garv A Kindall, Naval
Postgraduate School, Monterey. Calif.

19/3 The Monolithic Microprocessor as
a Universal Standard Part, ). H
Chung, Fairchild Camera and Instru-
ment, Mountain View, Calif.

19/4 Digital System Implementation—
Microcontrollers, Microcomputers,
and Minicomputers, (. Gordon Bell
and N. Teicher., Digital Equipment,
Maynard, Mass.

Session 20: Fault Detection in Trans-
mission Lines Using TDR and
FDR Techniques (Panel)

Room 2178

Nession Organizer: Martin Marshall, E-H
Research Laboratories, Qakland. Calif.
Session Chairman: Al Hart, Singer Instru-

mentation, Palo Alto, Calif.

Panelists:

Earl Olsen, E-H Research Laboratories,
Oakland, Calif.

Kenneth Lindsay,
(reg

Giene Ball, U.S. Naval Station, Pt. Mugu,
Calif.

Tektronix, Beaverton,

Thursday, September 12
Afternoon Sessions
2:00 p.m.—-4:30 p.m.

Session 21: The Status of Additive
Printed Circuits Today

Room 212A

Nession Organizer and Chairman: George
Messner. Photocircuits Div.. Kollmor-
gen, Glen Cove, N.Y.

2] 1 The Status of Additive Circuits
Today, Sam Smookler and Joseph Can-
nizzaro, Photocircuits Div., Kollmorgen,
Glen Cove, N Y.

21/2  Additive Circuits -Users’ View,
Ignatious C Serra, Applied Digital Data
Systems, Hauppauge, N. Y

21 3 Combining Additive and Subtrac
tive Processing in the Manufacturing
Facility, John (. Eckhardt. Methode
Electronics, Chicago, Il

2i/4 Dry-Film Resist of Additive Plat-
ing, Harold Powell, Photo Products
Dept., E. I duPont de Nemours, Wil-
mungton, Del.

21/5 A Zero Liquid Effluent System for
a Fully Additive Printed-Circuit
Plant, George A Butter, Photocircuits
Div., Kollmorgen, Glen Cove, N.Y., and
E. V. Klein, Abcor, Cambridge, Mass.

Session 22: LS| Testing
Room 2128

Nession Organizer: Martin Marshall, E-H
Research Laboratories. Qakland, Calif.
Sesston Chatrman: Roy Nesson, Hughes

Aircraft, Culver City, Calif.

221 Full-Wafer LSl Testing, Roy H
Nesson, Hughes Aircraft, Culver (City,
Calif.

22/2 New-Generation Test Systems To
Solve New-Generation Test Problems,
Bill Boggs and John Worcester, E-H Re-
search Laboratories, Oakland, Calif

22/3 Jack G Salvador, Teradvne Digital
Svstems, Chatsworth, Calif.

224 CMOS/ LSI
Nelson, Naval
Washington, D.C

Testing, George P
Research Laboratory.,

22/5 Microprocessor Testing, James
Fisher, Tektronix, Beaverton, Oreg.

22/6 Microprocessor Test Techniques,
William J. Mand!l, Macrodata, Woodland
Hills, Calif.

Session 23: The Microprocessor
Revolution—Part Il

Room 217A

Session Organizer and Chairman: Rudolf
Panholzer, Naval Postgraduate School,
Monterey, Calif.

23’1 How To Use Your Microcomputer
for All lts Worth—During Data Han-
dling, Vinay Khanna, Motorola,
Tempe, Ariz.

23’2 A Dedicated Calculator for Solu-
tion of Maneuvering Problems on U.S.
Navy Ships, R. W Cherry, Naval Elec
tronics Lab. Center. San Diego, Calif.

23’3 Microprocessors: A Component
for All Seasons, Mona Saba and Jack
D. Grimes, Tektronix, Beaverton, Oreg

23 4 Distributed Data  Acquisition
with Microprocessors, Hernie Kute
and Alan Weissberger., National Semi-
conductor, Santa Clara, Calif.

Session 24: Design-to-Price
Room 2178

Nession Organizer: Robert A. Hullander,
USN. Naval Electronics Systems Com-
mand. Washington, D.C.

Sesston Chairman: Julian S. Lake. Naval
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Electronics Systems Command, Wash-
ington, D.C.

24/1 Introduction, Julian S. Lake. Nauv-
elex, Washington, D.C.

24/2 The DOD Design-to-Cost Pro-
gram, (Jeorge Sutherland, Assistant Di-
rector, Engineering Development,
DDR&E, Washington, [).C.

24/3 Design-to-Cost in Action, Robert A.
Hullander, Navelex, Washington, D.C.

24/4 Implementation of Design-to-Cost
in Industry, Robert J. Veale, Hughes
Aircraft, Fullerton, Calif.; Dick Curtis
Raytheon, Goleta, Calif., J. Chabrou.
TRW Systems (roup, Redondo Beach,
Calif.

Friday, September 13
Morning Sessions
10:00 a.m.-12:30 p.m.

Session 25: Automatic Testing of
PCBs—Ways and Methods

Room 212A

Session Organizer and Chairman: Gerald
Kutcher, Inforex, Burlington, Mass.

25/1 Practical Approach fo the Problem
of Test-Pattern Generation, Temon

Taschioglou, Teradyne, Boston, Mass

25/2 Automatic Diagnosis of Printed-
Circuit Board Failures, William Mar-
tin, Zehntel, Concord. Calif.

25/3 Circuit-Assembly Process Verifi-
cation and Fault Isolation, -John Fluke,
Jr., John Fluke Mfg., Seattle, Wash.

25/4 A Reasonable Approach to Distri-
buting ATE Systems, [David Borton,
Heuwlett-Packard, Sunnyvale, Calif.. and
William Whitehouse, U.S. Navv, Key-
point, Wash.

25/5 A New Approach to Logic-Circuit
Testing, Robert Anderson, Mirco Sys-
tems, Phoenix, Ariz.

Session 26: Emerging Display Tech-
nologies

Room 212B

Nession Organizer and Chairman: Roy A.
Cedarstrom, Hughes Aircraft, Fullerton,
Calif.

26/1 Optical Characteristics of AC
Plasma Panels, Michael E. Fein, Owens
Hlinots, Perrvsburg, Ohio

26/2 Operational Characteristics of a
Six-Inch-by-Six-Inch, TFT-Matrix
Array, Liquid-Crystal Display, F. C.
Luo. Westinghouse Research Laborato-
ries, Pittsburgh, Pa.

26/3 The Multilaver Gas-Discharge
Display Panel, Geoffev P. Watts, Beck-
man Instruments, Scottsdale. Ariz.

26/4 A Photo-Optical Video Disk Sys-
tem, Edward M. Kaczorouwski, I'O Met
ric, Sunnyvale. Calif.

Session 27: Applications of Digital
Logic to High-Speed Amplitude
and Timing Measurements

Room 217A

Nesston Organizer and Chairman: Jack V.
Rogers, J.V.R.. Walnut Creek, Calif.

271 Solving Systems Problems at
‘“State of the Art,”” Jack V. Rogers.
J.V.R., Walnut Creek, Calif.

27/2 The Amplitude Axis—-Digital Ap-
proaches to Generation and Measure-
ment Problems, Chuck Mullett, Mul-
lett Associates, Plava del Rey, Calif

27/3 Applications of High-Speed Digi-
tal Circuits to the Time Domain, Zoltan
Tarczv-Hornoch, Systron-Donner, Con-
cord, Cualif., and Wayne Merrvman,
Merrvman Engineering

Panelists:

Paul )’Anneo, -J.V.R.

Sevmour N. Rubin. Berkelev Nucleonics
Chuck Mullett, Mullett Associates

Zoltan Tarczyv-Hornoch. Svstron-Donner
Wayne Merrvman, Merrvman Engineering
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-.- theficolet 1090

3 digital oscilloscope
= iscrown prince
of measurement in
the frequency realm

from 1076 to 106 Hz.

ra T T \
Hz
10 10 104 103 10-2 10" 1 10 102 10 104 10 106 10 108 109
2
Analog 'scope reigns here.
Why? It can be used as a digital voltmeter.

Because in contrast with analog oscilloscopes:

it has many times the accuracy and resolution.

It's a lot simpler and easier to operate.

It can “look back’ as well as forward from trigger time.
it remembers vastly more about signals when used for
storage.

It remembers signals for later reference and can be
used normally in the meantime.

Its memory is better; it remembers as long as you wish
without information degradation.

It shows ‘“live” or stored waveform details clearly by
use of easy-to-operate scale expansion and position
controls.

It tells the true time and voltage for any selected point,
with no need for estimating or mental calculations.

It provides digital information to external equipment.

It can accept digital information from a waveform library
or computer.

It displays two variables as either functions of time or
of each other.

It can be used as a super-fast, high precision xy or yt
recorder, or super-slow, or in between.

=
™

It can record signals under remote control.

It can show stored signals superimposed or singly, with
or without scale expansion.

It stores easily. No pre-erasure, no enhancement, no
mode selection. Just press a button, or provide a pulse.
Press another and it's “live’ display again.

it provides 1 MHz bandwidth for both input signals
simultaneously, without use of ‘“alternate sweeps.”
And that's not all!

Phone or write for complete details on the 1090, includ-
ing a technical brochure entitled “‘the general purpose,
high precision, digital oscilloscope.”

NICOLET INSTRUMENT CORPORATION

5225 Verona Road, Madison, Wisconsin 53711
Phone 608/271-3333 TWX: 910-286-2713
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