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editorial
input

This is the first issue of the RCA
Engineer devoted primarily to pa-
pers written by engineers at RCA’s
California locations — Van Nuys,
Los Angeles, and Burbank. Read-
ers who have had prior contact
with these activities will probably
not be surprised by the level of en-
gineering competence displayed
in these pages; but, unless that
contact was very extensive, they
cannot help being impressed by
the wide range of products and
services covered. To the majority
of our readers, however, this issue
will be a revelation.

Although a few papers had been
published in the RCA Engineer
during the rapid growth years of
the west coast groups, many of
these activities were somewhat of
a mystery, and in fact, many will
remain mysterious because of se-
curity restrictions in certain areas.
Nevertheless, from the standpoint
of opening new channels of com-
munications, we are glad to see
that all is no longer quiet on the
western front. This blossoming of
publication activity, hopefully, will
engender yet a higher level of pro-
fessional commitment on the part
of west coast engineers to continue
to communicate their ideas. This
issue demonstrates three major
benefits of publishing: increased
professional prestige for the au-
thors, wider exposure for products
and services both inside and out-
side RCA, and increased aware-
ness on the part of management
regarding the accomplishments of
its engineers.

This burgeoning of publications
activity did not happen overnight;
nor is the present issue solely a
result of editorial prodding and
cajoling. Two ingredients—sincere

RCA out west

management interest and thorough
follow-up by Editorial Representa-
tives—were vital to the success of
this effort, first planned over two
year ago. Yes, plans that were
revised and updated every two
months unti} the present fruition.

But this type of planning is not
unigue to the present issue. The
foundation for each RCA Engineer
is laid at least two years in advance
through meetings between division
Editorial Representatives, local en-
gineering management, and the
editoral staff. At that embryo stage,
we attempt to decide which areas
of technology will be appropriate
and timely two years hence. Nat-
urally, such early plans provide
only a skeletal thematic frame-
work; in subsequent bi-monthly
meetings, new topics—from all
areas of RCA—are added to sup-
port the basic theme; authors and
tentative paper titles are included;
and the plans are repeatedly up-
dated and revised—to achieve
timeliness, topical coverage, and
reader interest.

To reiterate, each issue of your
journal requires a generous amount
of local management support and
consistent and thorough follow-up
by Editorial Representatives. |s-
sues are now being planned for
1972, but in such long-range plan-
ning, there is enough flexibility to
cover new papers, new topics, or
entirely new issues. If you would
like to participate in the planning
cycle, contact your Editorial Rep-
resentative (listed in the inside
back cover of each issue); the in-
formation and ideas he brings to
your magazine depend upon the
participation and planning of
groups he represents.

-

Future issues

The next issue, the fifteenth anniversary of
the RCA Engineer, will contain representa-
tive papers from most areas of RCA. Some
of the topics to be covered are:

Holographic research and applications

Airborne data automation

Selection of small computers

Design automation

Color TV camera design

Survivability

Undersea testing

W ide limiter desig .

Recording studio equipment design

Discussions of the following themes are
planned for future issues:

RCA engineering on the West Coast
Linear integrated circuits

Consumer electronics

RCA engineering in New York
Computers: next generation
Mathematics in engineering

Advanced Technology Laboratories




‘l. H. Aires

&8
The changing role of the
electronic engineer

The computer, the transistor, and the integrated circuit have produced revolutionary

changes in engineering. Circuits are no longer designed by specialists, who have all

the available component type numbers in their memories. Today, engineers use

computer-aided design techniques to combine entire groups of functional circuitry for
.’sophisticated applications. This paper reminisces on some of the design methods of
past decades, highlights some of the innovations that have caused those methods to
change, and extrapolates today’s methods into the future.

OT TOO MANY YEARS AGO, an elec-

N trical engineer could catalog, in
is head, nearly all the available com-
ponents needed to fulfill most require-
ments. For example, to design a
power-supply circuit, he had the op-
tion of using a type 80 or a type 83.
The type 83 automatically spelled
aquality, first because of the exotic blue
glow, and second because with a volt-
age drop of only 15 volts ( independent
of current) it required a choke input.
These tubes required a separate 5-volt
rectifier filament winding, and the dif-
_ferences between supplies consisted
®brimarily in the quality of regulation
and ripple reduction required. Some
engineers with unlimited budgets used
two chokes. Those who chose the blue-
glow tubes often used a “swinging”
choke. I am not sure whether it was
value engineer or the car radio that
caused the need for a rectifier with a
6-volt filament and an indirectly heat-
ed cathode like the type 84, which
eliminated the need for a separate fila-
ment winding. Gas rectifiers such as
the OZ4 with ionically heated cath-
®des could be used for more efficient
power supplies. Although the OZ4 was
part of the vocabulary, it was not
widely used except in car radios, per-
haps because it required no filament
power—a thought that staggered the
onfidence of all those who knew that

a rectifier should really have a filament.

For power output tubes, there were
several choices. Initially, troides such
as the 45 and 2A3 were the main
source of quality audio power. To ob-
ain more efficiency, pentodes such as
“the 41 and 42 (later to be called 6K6
and 6F6) were used even though they
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had slightly more distortion. In a short
time, the beam power tubes such as
the 6V6, 6L6, and 807’s dominated.
For amplification, there were triodes
such as the 6F5 (u=100) and the 6]5
(1=20), the 6]7 sharp-cutoff pentode,
the 6K7 remote cutoff pentode, the 6L7
dual control grid tube for use as a
frequency converter or for dual control
applications, and the 6H6 twin diode
detector. With characteristics of these
devices well-known, any circuit could
be designed from audio amplifiers
(Fig. 1) to shortwave sets (to 20
MHz2).

Of course, I have over-simplified
somewhat, since there were already
equivalents of these tubes with differ-
ent pin arrangements. Cost conscious
engineers had already found that a
radio could be built without a filament
transformer by using higher voltage
filaments (2576 and 2516 for exam-
ple). There were even a few tubes
with 117V filaments which were ideal
for the experimeter and for one-tube
phonographs.

Although I have indicated that an indi-
vidual engineer could design with most
of the component information in his
head, the tendency was to specialize in
audio, 1F, RF, or power-supply circuits.
This approach continued when the

R. H. Aires, Chief Engineer

Engineering Department

Electromagnetic and Aviation Systems Division
Van Nuys, California

received the BSEE from Cornell University in 1850,
and the MSEE from the University of Pennsylvania
in 1959. Under Mr. Aires since 1965, the EASD
Engineering Department (with a staff or 425, in-
cluding 175 engineers) has placed heavy emphasis
on the development and utitization of custom inte-
grated circuits and LS technology in its product
lines, stressed acquisition of new young engineers
to the staff and undertaken in-house and other
technical courses to keep the engineers technically
updated. EASD’s patent submissions per engineer
are among the highest for RCA operating divisions.
Company-sponsored programs and technique con-

tracts are carefully selected to complement and
augment the quality and innovativeness which
characterize EASD's design, development, and
production programs. From 1963 to 1965, Mr. Aires
was responsible for the formation and management
of RCA's Defense Microelectronics activity. As
manager of DME, he also served as a primary con-
sultant at the corporate tevel for planning micro-
electronic programs for DEP and other RCA
activities. He has personally contributed to RCA's
accomplishments in the field of high-speed mono-
lithic digital circuits and high-performance mono-
lithic analog circuits, which were developed to
fulfili critical performance requirements in a farge
variety of military electronic equipment. From 1959
to 1963, Mr. Aires was Staff Engineer reporting to
the Chief Defense Engineer, responsible for man-
agement of the DEP's IR&D program. The scope
of work ranged from basic physics through ad-
vanced studies of military and space systems.
From 1958 to 1959 he was Manager, TIROS Elec-
trical Design—his direct contributions including
development of state-of-the-art circuitry to achieve
small size and minimum power dissipation with
maximum reliability, utilizing solid-state devices.
From 1954 to 1958, as Leader and Manager, he
supervised the development of antenna control
systems and power supplies for airborne fire-
control systems. Before joining RCA, Mr. Aires
worked for the Philco Corporation where he was
engaged in the development of very precise de-
flection and high voltage circuitry for a single-gun
color tube. Severa!l patents were issued for these
developments. Mr. Aires is a member of Eta Kappa
Nu, a Senior Member of the |EEE, and past Chair-
man and member of the Executive Committee of
the San Fernando Valley Section. He is a Director
of the San Fernando Valley Engineers’ Council,
and was Chairman of Engineer's Week Com-
mittee for the San Fernando Valley in 1967.
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Fig. 1—Power amplifier schematic using RCA80,
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of the RCA Photogphone Theater Sound System of the
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Fig. 2—Block diagram of E. A. Goldberg’s patent for
stabilized DC amplifier—a big assist for analog com-
puters.

.

Fig. 3—Comparison of a closed-circuit TV
generator using tubes {top left) with the
solid-state monoscope circuitry used in the
6050 Video Terminal (top right). Bottom
right is one of several integrated-circuit
logic boards used in new data terminal for
CSD to generate information for alpha-
numeric displays.
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scope suddenly widened into radar and
Tv. By the way, tubes improved slight-
ly, but most of the progress was made
by making them much smaller and by
putting more than one type in single
envelope, expanding the number of
types until very few engineers could
keep the information on all the types
in his head.

»
Enter the computer (Fig. 2)

A revolution occurred when the analog
computer was invented: the same de-
vice could now be used for many
purposes. Some engineers began to
think of a new level of blocks such adlt
the amplifier, the integrator, and the
multiplier. The theory of control sys-
tems became important everywhere
and EE undergraduate courses began
to include servomechanisms. The real
explosion came when people began tG
talk about digits, binary numbers, and
digital logic. Large groups of engi-
neers began to build general-purpose
digital computers, and other words en-
tered our vocabulary such as software
and programming. -

Reliability and solid-state devices
(Fig. 3)

Just when it appeared that the relia-
bility of existing components would
be the major limitation in the size of
a system that could work for mord®
than an hour, solid-state devices be-
came a reality. The preceding sentence
implies that reliability engineers and
solid state engineers were already at
work in their specialities developing,
among other things, several more lanyg
guages. New words such as MTBF,
beta, emitter, base and collector crept
into the language of the electrical engi-
neer. And thousands of transistor type
numbers entered the catalogs.

New thoughts on old subjects

Communication engineers had also
come up with new theories on how
to improve the ability to find the sig-
nal in noise utilizing statistics. The
tube engineers didn’t give up either’.
they invented magnetrons, TWT’s,
BWO’s, klystrons and other high fre-
quency devices. Although CRT’s were
important elements during the second
world war, many improvements have
been made including the addition of
color, storage, and multiple guns. @

Integrated circuitry—the major
revolution (Fig. 4)

During the past decade, the most revo-
lutionary component to appear was the
integrated circuit. More new term
came into the language: dual gates,
quad fours, flipflops, hex inverters, and
many more. A battle for acceptance
developed between DTL, T°L, ECL, RTL

-
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and several more types of logic fami-
lies. Linear circuits had a harder time
getting started but op AmPS of all
types appeared and the differential
amplifier in almost any form became

@he answer to any amplification re-
quirement. Within the last few years
another race has developed. This time
it is related more to silicon processing
techniques than to types of circuitry
and includes Mos vs. bipolar, P-M0s vs.
c-MOS, MOS vs. sos, and even high-
threshold vs. low-threshold p-Mos.

Today’s engineer (Figs. 5 and 6)

By this time, I hope I have convinced
you that no engineer can keep all of
@hese details in his head. In fact you
can’t find all the data needed in sev-
eral books. What is the answer to the
question of specialists? In Van Nuys
we have a total of 160 engineers, in-
cluding the leaders and managers. If
we had specialists in the way it was
®one in the 1940’s we would not have
enough engineers to cover all the spe-
cialities required. Does this mean that
by definition we have generalists?
Perhaps it is possible that the defini-
tion of a design engineer is changing.
@¥Except for a small percentage of elec-
tronic engineering that use component
specialists, most design engineers to-
day work with less circuit detail, but
cover a much greater number of func-
tions than was possible ten years ago.

¥ believe we are in a transition period
where the engineer will once again be
able to keep most of what he needs to
know in his head; that is, very funda-
mental ideas. The computer will keep
all the details at his fingertips. The
communications expert who previ-
ously used pages of calculations to
finally arrive at the proper combina-
tion of elements for a Tchebysheff
filter need only tell the computer what
fundamental conditions he would like
’to meet, and the detailed circuit param-
eters will come back to him with not
only a schematic but a detailed list of
parts with breakdowns for purchasing
and released drawings for the factory.

The future

Can you visualize that only one or two
engineers will design and test a new
computer main frame in a few months?
I believe we are almost there now.

*

There are automated design programs
in existence that contain, in memory,
very large portions of logic such as
shift registers, adders, coders and de-
coders which can automatically gen-
erate a large amount of logic on a
single silicon chip after entering only
gross logic diagrams. Other programs
exist which can generate the wiring
layout to combine these complex ele-
ments onto a printed-circuit board.
Backplanes or automated wire wrap
programs can now be automatically
generated to interconnect the printed-
circuit boards by additional computer
programs (Fig. 7). In a few more years,
new programs will create the inputs
that are now required to produce inte-
grated circuits, boards, and back-
planes. In other words, only a funda-
mental statement of the kind of
computer main frame is to be designed
will be necessary. All future sub-
decisions will be made automatically;
best of all, the computer will print-out
all the documentation required.

If T am creating the impression that
we are going to put ourselves out of
a job it is because I haven’t continued
to stress the amount of engineering
that will be required to build the ma-
chines and create the programs that
are going to do all these wonderful
things. I do believe that more engi-
neers will return to thinking in terms
of fundamental requirements with less
thought given to detailed arrange-
ments. After all, not too many engi-
neers in the ’40’s worried about how
each electron got from the cathode
to the plate. Why then should we
worry about how a multiplication is
accomplished in a computer as long
as it happens reliably.

For the division controllers reading
this—who by the way have received
most of the advantages of the com-
puter so far—get ready to re-program
the financial-dccounting programs be-
cause when all this happens there will
be only a few engineers left who can
charge DL. All the rest of the opera-
tion will be on overhead. Can you
imagine the result when one engineer
can create enough in one hour to cause
an expenditure of $100,000 of auto-
mated design and production to occur
by pushing a button. The overhead
rate will approach infinity unless you
reprogram.

by EASD engineers.

Fig. 5—L. W. Poppen using Hewlett-Packard calculator to
design Tchebysheff filter circuit.

Fig. 6—Don Clock using a data terminal for computer-assisted

design,

0 O O 38

Fig. 7—Backplane that was designed by a computer for the
4101C computer.



College recruiting and RCA

M. C. Kidd

How can RCA provide itself with a continuous thrust of new methods, creativity, and
enthusiasm? One way is through college recruiting. In a dynamic, competitive busi-
ness such as electronics, college recruiting is vital to a company’s long range growth
and stability. The requisite skill levels and balance of working groups can be main-
tained only by a continual addition of capable people. Most big companies find it in
their best interest to hire as many people directly from the colleges as practical. The
recruiting, however, is competitive. At Ohio State, where | recruit, 650 companies
compete for the hundred or so electrical engineers in a graduating class. The out-
standing graduates get as many offers as they desire, so recruiting must be given

sufficient priority to get results.

T GOES WITHOUT SAYING that every-
Ione wants the top people. When
you meet the exceptional individual,
you must offer him a real opportunity
to win his interest. The challenge is to
convince him that he should come to
RCA where his interests and abilities
can be immediately useful. The re-
cruiter’s awareness of the wide range
of activity going on in the various or-
ganizations and operating divisions
can make a big difference. Since we
are looking both for specific skills and
long range potential, the more diverse
the experience of the recruiter, the
more he can relate to the interests of
the prospective employee and inform
him where he would best be able to
contribute.

The difference between college recruit-
ing and recruiting for your own group
is quite significant. If you are a circuit
design leader, it is very tempting to
give a little circuit quiz to each man
you interview. This, I believe, is inap-
propriate unless the candidate ex-
presses specific interest or claims spe-
cial knowledge in circuit design. The
students will also get smarter as the
day goes on if you ask the same
questions.

Many of today’s graduates are aware
that they must match their academic
capabilities with the type of work they
will have the opportunity to do. Re-
search demands much more analytical
skill than design, development, or man-
ufacturing. The practical and personal
skills will be more important in manu-
facturing operations. While maturity
may be substituted somewhat for tech-
nical ability, the proper balance will
make the difference in one’s ultimate
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success. There are many alternatives
for the young graduate in RCA in addi-
tion to design engineering. It is im-
portant now to describe the total range
of opportunity that RCA offers. Since
each job is usually so individualized,
imagination is needed to create a hypo-
thetical situation that is realistic.

We have two jobs to do when we re-
cruit: evaluate the candidate and con-
vince him that RCA is a good com-
pany. I believe that we should try to
do both at the same time. Possibly
the best way to do this is to help him in
any way possible. I have given advice
to a number of people which had
nothing to do with their future at RCA
and their response made me realize
that we have a unique opportunity to
give guidance because of our under-
standing of the industry and its re-
quirements. Many professors don’t
have this background and cannot help
the students that frequently need guid-
ance in moving into industry. Also,
whether we want to be or not, we are
cach Mr. RCA and the company bene-
fits or suffers by our image.

I feel that college recruiting is a most
challenging and stimulating job, since
each individual is completely unique
with different abilities, experience,
and interests. Because of this, each in-
terview will vary completely with the
person interviewed. It would seem
that most graduates from a good col-
lege can be very useful in RCA if they
are in the right job. Fortunately, the
engineering rotational program allows
those potentially universal engineers
to look around and find a home with
some selection possible. A great many
of the young men that I interview are
not the top students and in general are
not spectacular when I talk to them.

Marshall C. Kidd, Administrator
Advanced Technology
Aerospace Systems Division
Burlington, Mass. 3
received the BChE and BEE from Ohio State Uni-
versity in 1944 and 1948 respectively. After experi-
ence with the Bakelite Corporation as a Chemical
Engineer and employment with the Allen B. Du-
Mont Labs where he did circuit work on projection
television, he joined the RCA Home Instruments
Advanced Development group. His work included
development of a loud speaker transient measuring

equipment, transistor television and automatic con.‘

trol circuits. Basic patents were obtained on ava-
tanche circuits from work with transistor video
amplifiers. In 1958, he transferred to the Electronic
Data Processing Advanced Development group,
where he helped develop the TRACE system which
resuited in the Vee Det detector for vehicle detec-
tion. As a leader in the Industrial Computer Sys-
tems Department of EDP, he had responsibility for
the development of the RCA 110 Computer i|‘
which his group received the David Sarnoff Team
Award. The computer was later used as the Saturn
Checkout Computer by EASD. At ASD, in Burling-
ton, Massachusetts, he performed studies on self-
test and application of integrated circuits to Auto-
matic Test Equipment. In the circuit design of the
LM ATCA and DECA, his group used the first ana-
log integrated circuits on the Apollo program. Tho‘
ASD Hybrid Microelectronics facility was set up®
and operated under his direction in its initial
phase. In his current assignment, he is responsi-
ble for the ASD IR&D program. Mr. Kidd is the
author of a number of technical papers on transis-
tor circuits instrumentation techniques and micro-
electronics. He holds twelve U.S. Patents, is a
Senjor Member in the 1EEE, and a member of the
EIA Microelectronics group. .,

The recruiting decision becomes more
difficult with them, since I have seen
a number of young engineers who did
not impress me at first later turn int%
outstanding engineers. How do you
know in advance that a graduate will
follow a job through to completion
overcoming all obstacles without giv-
ing up? This is a very valuable charac-
teristic and it isn’t necessarily related
to grades. This kind of man may no@
try hard to impress you and may only
answer your questions without volun-
teering any information. You cannot
afford to miss this type of person, and

»




every effort should be made to identify
him because RCA needs him.

While RCA needs brilliant people for
many jobs, one should beware of the
brilliant but inflexible person, who im-
@ presses everyone he talks to and is so
superior to the previous individuals
that if you make an elimination be-
cause of limited requirements, you may
make a serious mistake. This type is
limited by his inflexibility. He cannot
always adjust to the practical require-
ments of the job. His perspective is
distorted and his demands are fre-
quently unreasonable. He may give
the impression of being discriminated
against or persecuted in some subtle
way. He is usually articulate, but he
@ will often indicate his problem to you
if you are alert and perceptive. It is
very hard to generalize here, but the
presence of negative traits should be
observed.
Since the person interviewed is trying
® to make a good impression on you, or
should be, anything observed that is
truly negative such as arrogance and
bad manners will most likely worsen
on the job when his guard is down.
People that are really difficult to get
along with have to compensate with
® some special ability to be as produc-
tive as the more personable though
less talented individuals. Usually, how-
ever, it is possible to find extremely
capable people that do get along rea-
sonably well with most others on the
@ Job. Getting along means being able to
take orders and follow through on an
assignment with support from others
when necessary. I remember a bril-
liant PhD who would prove after some
time on each problem he was given
that it was the wrong problem to solve
W and at least philosophically he would
be right. Unfortunately, while being
one of the world’s great critics, he was
not very creative in producing useful
ideas and concepts. Because of his in-
telligence, he was quite a challenge to
his management and to each of the
companies that he had worked for be-
fore he joined RCA. Fortunately, the
brilliant person usually lines up his
objectives with those of the company
and this becomes a major factor in his
success.
I often think that if young Tom Edi-
son or Henry Ford were to ask for an
interview and somehow got on the
schedule, they wouldn’t make the
grade. Our requirements tend to be

@
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rigid. If a student is not in at least the
upper half of his class, we don’t want
to take a chance on him for most as-
signments. This, I believe, is unfortu-
nate but it is not easy to do anything
about. Thirty minutes is not much
time to determine such important
things as drive, ambition, creativity,
stability, integrity, and most important
of all, will he be really productive on
the job. Past performance is still the
best way to predict the future. Grades
are important but so is the amount of
work done to offset expenses during
college and the maturity developed
from each job, both technically and
personally. Students who have worked
on any difficult job are ahead of those
that will have to learn how to handle
their first challenges at RCA. The co-
op student is easily a year ahead of
the typical non co-op student when he
starts. One of my friends who had
seen many trainees go through his de-
partment frequently referred to “late
bloomers.” It may take a year or two
and even longer for some engineers to
become sufficiently self-motivated to
be able to apply their intelligence and
creativity to the problems at hand and
make contributions beyond those of
merely following direction. It would
be quite an achievement to predict this
characteristic in the initial interview.

The engineering graduate is techni-
cally well trained today, particularly
compared to 20 years ago. He has in-
variably worked with computers to
solve his problems and most often will
have a knowledge of solid-state phys-

ics that will make microelectronics
more easily understood. He is more so-
phisticated and knowledgeable about
industry since we have been living in
a highly technological society for some
time now. He may still not know what
he wants to do and this should not be
held against him because once he gets
on the job he probably won’t work on
exactly what he likes best.

College recruiting is critical to our fu-
ture. It requires a high degree of per-
ception and intuition combined with
experience. If you are asked to recruit,
the fact that it is difficult for you to
get away makes you more valuable as
a recruiter. If you are technically in-
volved in a current program, you will
be able to relate more closely to the
technical graduate. It is important that
the barriers be broken between school
and industry in the most effective way.
This can be helped by having gradu-
ates return to their alma maters on a
regular basis so that continuity can be
maintained. Your best recruiting help
can come from a friendly professor
or placement officer. Sufficient time
should be planned for you to talk with
them and understand what they con-
sider important for their graduates.
Feedback is important as well since
bad experiences of graduates in any
step of the recruiting process must be
corrected wherever possible. The pipe-
lines between students rivals RCA’s
most sophisticated communication sys-
tems. In recruiting, as in anything else
that RCA does, the results are directly
related to our skill and effort.



Electromagnetic and Aviation
Systems Division—a profile

R. J. Ellis

One of RCA’s major Divisions, Electromagnetic and Aviation Systems is a primary
supplier of electronic warfare equipment, intelligence data systems, intrusion—ord-
ance systems, and aviation equipment. Applying modern engineering methods (e.g.,
computer-aided design and microminiaturization) EASD has established a solid
reputation for technical excellence, cost consciousness, and schedule performance
with its commercial and military customers. This Division profile looks briefly into
EASD’s background, describes the product lines, and provides an insight into the
engineering organization that supports these product lines. It serves as a brief intro-
duction to the other papers in this issue, which deal with some of EASD’s products
and services in more detail. For a closer look at the underlying engineering philos-
ophy, the reader should refer to the paper by R. H. Aires in thjs issue.

N THE FALL OF 1950, the Los An-

geles Plant of the RCA Victor
Division received a contract from the
United States Navy to develop an Air-
borne Weather Radar, the AN/APS-
42, This was the modest beginning of
what was later to become the Electro-
magnetic and Aviation Systems Divi-
sion, which comprises plants in Van
Nuys, California (Fig. 1), West Los
Angeles (Fig. 2), and in Huntsville,
Alabama (Fig. 3). Sidney Sternberg,
Division Vice President and General
Manager, has his headquarters in Van
Nuys. An integral part of this opera-
tion is the Aviation Equipment De-
partment in West Los Angeles with
Joseph R. Shirley as Division Vice
President.

From 1950 to 1958 the fledgling Los
Angeles Plant expanded its technolog-
ical manufacturing base from the
APS-42 Airborne Weather Radar to
AN/APN-70 Airborne LorAN, to AN/
AIC-10 Aircraft Intercommunications
Equipment, and to Electronic Counter-
measures Systems. In 1957 and 1958
two events resulted in the establish-
ment of a full-fledged DEP division in
Van Nuys.

In 1958, Missile and Surface Radar
Division in Moorestown, N.J. was
fully loaded with the BMEws program
and a new major contract for the
Atlas Checkout Equipment. Since
most of the early Atlas engineering
development and integration work was
to be done at the Vandenberg Air
Force Base, California, space would
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be needed to accommodate engineers
from M&SR. Concurrently, a company
survey indicated the advisability of
forming a DEP Division on the West
Coast; the decision was made to build
a new plant at 8500 Balboa Blvd.,
Van Nuys, California.

The Atlas design engineers from
Moorestown mioved temporarily into
the Los Angeles plant while the new
Van Nuys facility was being built. In
September 1959 the Van Nuys plant
was opened for business, under the
name of West Coast Missile and Sur-
face Radar.

The Division’s employment mush-
roomed during the early years of its
existence as the Atlas program went
into production. The technological
base expanded' into computers, dis-
plays, and electronic warfare equip-
ment. As the Atlas program began to
phase out, the Division was successful
in capturing another large contract for
computerized checkout for the Saturn
Launch Vehicle used in the Apollo
program. Additional technical compe-
tence in displays and mass-memories
was developed and several electronic
warfare production contracts were
won and fulfilled. A new facility was
constructed in Huntsville, Alabama,
to house the Saturn field engineering
and logistics work.

In the latter half of the 1960’s the divi-
sion entered the ordnance field, manu-
facturing various fuzes and arming
devices for the Vietnam war effort.
Airlines message switching systems
were also successfully delivered. Mass
memories and drums were developed

Robert J. Ellis, Mgr.
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Van Nuys, California
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Mr. Ellis is Deputy Chairman of the Tecthinical
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and manufactured for the RCA com-
mercial market. Early in 1968, a major
contract was received from the Navy
for a transportable electronic warfare
system, the AN/SLQ-19 Countermea-
sure set (Fig. 4). This was a QRC,
(quick-reaction contract) program
with the first system to be delivered
in only 13 weeks. The Division re-
ceived a commendation from the Navy
for schedule performance on this
contract.

More recently, new products such aé’
intrusion-sensors are being developed.
Military aviation products, such as air-
borne integrated data systems, and sev-
eral types of military drum memories
are now in development and produc-
tion. The Aviation Equipment Departg.
ment’s technology and manufacturing
base has further expanded in the gen-
eral aviation and the airline markets
into the advanced weather radars,
transponders, distance measuring
equipment, and communication and
navigation equipment. <

The products

The equipment and systems which
EASD currently designs, manufac-

-
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Fig. 1—Ae

’ Fig. 2—Aviation Equipment Department, West Los Angeles.

tures, and markets are divided into
five major product lines:

1) Electronic warfare systems,

2) Intelligence data systems,

3) Military aviation products,

@ 4 Intrusion—ordnance systems, and
5) Aviation equipment.

Electronic warfare systems

The major strength of the Division
in recent years has been electronic
warfare (EW); Fig. 5 illustrates, in
"summary form, the nature of the
equipment and technology that sup-
ports the EW product line. The func-
tion of most of EASD’s electronic
warfare equipment is to detect and
locate the threat, and then immedi-

49 ately to analyze, display, and record

vital information for the command
and control decision. EASD has been
a major EW supplier to the Navy
with primary emphasis upon electronic
countermeasures to confuse and/or
deceive the threat. Typical EASD elec-
tronic warfare equipments for the
Navy are: deception repeaters, jam-
mers, traveling-wave-tube oscillators,
high-power amplifiers, and automatic
control equipment. Complete threat

reactive systems were delivered to the
Navy on a quick-reaction basis in the
form of the SLQ-19 Countermeasure
System. A new multiple-target elec-
tronic warfare system for installations,
such as tanks or jeeps, is under devel-
opment now for the Army (Fig. 5).
Airborne decoys for ship protection
are also being developed under con-
tracts to the military. EASD has also
designed and proposed the ship elec-
tronic warfare system for the new
DD963 destroyers soon to be built.

Intelligence data systems

The intelligence data systems (IDS)
product line is directed toward the
man-machine relationship in the com-
puter and p/eripheral equipment field.
EASD has been a prime supplier of
computer peripherals to the Computer
Systems Division. Recent efforts have
been to expand this capability to serve
the military. Major equipments are
alphanumeric displays; random-access
mass memories (Fig. 6); drum mem-
ories (Fig. 7); and central proces-
sors. Several complete computer sys-
tems have been developed including
a switching system for airline use and

ager Jackson is at the right.

a communications and checkout sys-
tem for the Saturn launch vehicles.
Under a present system contract,
EASD is developing operational sup-
port equipment for the Mariner Mars
71 program (Fig. 8). In the last two
years, EASD has brought into develop-
ment and production a new drum
memory system. Drum memories are
under contract for the Army (Tacfire)
and the Navy (NADC). The largest
single program potential is in the S-3A
ASW aircraft now under contract to
Sanders Corp. Airborne displays have
been delivered to the Air Force and
are being evaluated.

Military aviation products and systems

Military aviation products and systems
(MAPS) is a relatively new product
line at EASD. The knowledge, experi-
ence, and products of the Aviation
Equipment Department, added to the
EASD capability for systems design
and integration, provide the basis for
combining transportation /housekeep-
ing avionic equipment into integrated
avionics systems. To date, distance
measuring equipment has been de-
livered to the Army, and signal adap-
ters that are part of an airborne

Fig. 4—Mr. Sternberg (at left) briefing Mr. Sarnoff and Mr.
Watts on the AN/SLQ-19 Countermeasures Set. Program Man-



Fig. 8—Mariner Mars 71 eq
atory.
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ipment checkout labor-

Fig. 10—S. Franklin verifying a design in the fuze
laboratory.

Fig. 12—Hal Rocheleau in the chemical and metallurgi-
cal laboratory.

Fig. 13—Test equipment laboratory.

L
integrated data system are being de-
veloped for the Army.

Intrusion—ordnance systems

Intrusion—ordnance systems are di-
vided into three significant productsg
1) intrusion-sensing devices; 2) intru-
sion systems; and 3) fuze devices for
height-of-burst control of bombs, mis-

siles, rockets, and motar and artillery
shells.

Intrusion-sensing devices have becomdlp
more important lately because of the
evasive “hit-and-run” tactics of the
Vietcong and North Vietnamese. Past
intrusion sensors used an electronic
beam cutting across roadways and
paths; however, this was easily dis;
cernable. Modern intrusion sensiné
devices are primarily seismic acceler-
ometers that sense ground waves due
to earth vibrations. They detect the
movement of personnel or vehicles
and transmit the warning signals to
a diagnostic receiving station. EASDHg,
is one of the top companies in the
development of intrusion devices. Cur-
rently under development are both
seismic and microphonic intrusion de-
vices for the Army.

s

The development of intrusion system#@®. |
has been greatly emphasized by the
requirements of Vietnam operations.
Various designs and applications of
intrusion systems are currently being
investigated by EASD.

RCA’s experience in producing fuzed®
dates back to World War II. With
the escalation of the Vietnam conflict,
the demand for fuze devices increased.
and EASD was designated as the divi-
sion to pursue this development and
production. Motar fuzes have been dey
livered to the army in large quantities.
EASD also has been successful in high-
volume production of fuzes for air-to-
ground rockets for the Navy.

Aviation equipment

Aviation equipment for commercia’r
and general aviation is the responsi-
bility of the Aviation Equipment De-
partment. These equipments include
distance measuring equipment, weath-
er radars, transponders, navigation/
communication receivers and transgg
mitters, and airborne integrated data
systems. Most of these equipments are
described in some detail in several
related papers in this issue.

“*
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RCA is a leader in the commercial
aircraft equipment market—domestic
and international. For example, RCA
weather radar is used on fifty percent
of the world’s commercial airlines and

@in over sixty percent of the general
aviation applications.

Engineering organization

Fig. 9 shows the engineering organi-
zation; Table I shows the functional

@design activities of the various groups,
arranged according to product line
and technical competence.

Table I—Technical contributions of the de-
sign engineering groups.

7

EW systems and technology
Systems and equipment
Equipment development
Power conversion systems
Systems integration
Mechanical development
Systems and techniques
Intercept techniques
ECM techniques
a'MAPS and ordnance systems engineering
Ordnance systems
Ordnance equipment
Ordnance development
MAPS systems
MAPS development
MAPS mechanical engineering
Advanced EW systems
Displays and peripheral systems engineering
Displays and peripheral systems design
. Commercial peripheral products
System programming
Commercial display products
Military system design
Displays and peripheral systems programs
NASA programs
Mass memories and computer systems
engineering
Computer systems engineering
Programming
Automation systems
Command & control systems
Military product design
S-3A Program and advanced peripheral
technology
Advanced mechanical development
Subsystem development
Advanced mass memory development
S-3A coordination
Advanced peripheral techniques
'Staif engineers
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The Engineering Activity at EASD’s

Aviation Equipment Department oper-

ates as a separate entity that reports
Jgto the Division Vice President of
Aviation Equipment Department.

Modern engineering requires many
tools to achieve reliable and main-
tainable products. Such tools include
computer-aided design, coordinato-
raphs, scientific calculators, and mod-
ern laboratories. Figs. 10 through 13
show some of the laboratories and
other equipment used at EASD as
tools for the engineers.

»
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Fig. 9—Engineering organization.

Research and development

Engineering is currently investigating
techniques and advanced hardware
for each of EASD’s product lines.

Research in electronic warfare in-

cludes:

1) Lightweight, low-volume, high-effi-
ciency traveling-wave-tube supplies;

2) Advanced threat detection, identifi-
cation, and processing;

3) Detecting low-level signals of un-
known characteristics embedded in a
noise environment; and

4) Reduced-size frequency memory.

Advanced hardware development for
EW includes:

1) A solid-state modulator for high-
power traveling-wave-tube amplifiers;
2) Electronically alterable digital PRP
filter/trackers utilizing content-address-
able memories; and

3) An amplitude comparison direction-
finding system.

Present research in intelligence data
systems includes:

1) The development of data-base man-
agement and inter-operator communica-
tion systems; and

2) Display keyboards.

Advanced hardware development for
the IDS product line includes:

1) Advanced graphic display terminals;
2) Improved existing recording tech-
nology on drum and disks systems; and
3) A stand-alone, TV-oriented, alpha-
numeric display using cost-effective LSI
logic exclusively.

Military Aviation Products and Sys-
tems are currently engaged in the defi-
nition and design of VLF navigation
receiver front ends and digital phase
comparators for a navigation receiver.
Another program is devoted to the
definition and specification of LsI pro-
cessing for aircraft communication and
navigation functions associated with
flight management processors.

Investigations in Ordnance include:

1) Improved packaging and heat trans-
fer techniques to survive gun environ-
ments;
2) Increased detection and sensitivity
of seismic sensors; and
3) Minimized seismic sensor power re-
quirements.
A satellite of DEP Advanced Tech-
nology Laboratories was opened at
EASD in January 1970. This joint
venture will perform research that is
vital to EASD’s growth plans.

The Future

Much of the present engineering work
at EASD foreshadows several future
trends. EASD Engineers will rely more
on automation through computer-
aided design with greater emphasis on
microminiaturization to improve reli-
ability, reduce weight and size, and
ease maintainability problems. As
always, the accent will be on the de-
velopment of system concepts and
hardware in each product line.
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VHF communication and
navigation systems for
general aviation

R. P. Crow

Afready the major world supplier of airborne weather radar, RCA now produces the
most commonly used lypes of avionic equipment, as well as air-traffic-control trans-
ponders and distance-measuring equipment both for airlines and general aviation.
Leading the way in avionics integration, RCA has applied integrated circuit tech-
nology, advanced component miniaturization, and new materials to the integration of

aircraft avionics systems.

HE BASIC UNITS IN RCA’s new

navigation and communication
equipment line are shown in Fig. 1.
They are

1) The AVN-210 Integrated VHF Nav-
igation System,

2) The AVC-110 VHF Communications
Transceiver,

3) The AVI-201 RMI/Converter, and
4) The AVA-310 Audio System.

Those familiar with avionic equip-
ment can see that this new line rep-
resents a high degree of avionic
systems integration and that there are
many advantages. Originally designed
for the general-aviation market, all
units have veceived Federal Aviation
Agency TSO requirements for com-
mercial aviation. A TSO (Technical
Standard Order) is generally equiva-
lent to a government specification for
commercial aviation equipment.

AVN-210 navigation system

The AVN-210—described in detail by
Masse in this issue—combines all the
indicators, controls, and circuits ne-
cessary for complete vor/localizer,
glideslope, and marker-beacon func-
tions. It also serves as the control head
for a remote distance-measuring
equipment, including the self-test
function. The AVN-210 is the basic
model of a series including the AVN-
211, AVN-212, AVN-214, and AVN-
215. The latter models, while similar
in appearance to the AVN-210, lack
one or more of the basic capabilities
of the AVN-210.

AVC-110 transceiver
The AVC-110—described in detail by
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Volmerange in this issue—includes
the normal functions of control head,
transmitter, and receiver of a 360-
channel airborne communications sys-
tem operating in the 118- to 136-MHz
band. All frequencies for both the
transmitter and the receiver are de-
rived from a divide-by-N digital fre-
quency synthesizer. The 20-watt
transmitter includes protective circuits
which reduce the transmitter supply
voltage under adverse temperature or
antenna-vSwr conditions.

AVI1-200 series RMI/converters

The AVI-200 rm1 (radio magnetic in-
dicator) /converter is a companion to
the AVN-210 navigation system; in
fact, the AVN-210 output drives the
AVI-200 automatic VOR converter. As
with the AVN-210 and AVC-110, the
AVI-200 is also packaged in a 3-in.
ATI (Air Transport Indicator) case. It
extends 814 in. behind the instrument
panel.

The »M1 series provides all traditional
rMI functions; namely, the slaved
gyro compass card and dual needles
for indicating automatic VOR or ADF
(automatic direction finder) compass
bearings with respect to aircraft head-
ing. At least one automatic vor con-
verter (two for the AVI-202 model)
is included in the unit. Input switch-
ing enables various combinations of
ADF and VOR readouts to be obtained.
In addition, the AVI-201 provides
selected heading information to the
automatic pilot.

AVA-310 audio system

The AVA-310 audio system is used in
conjunction with all of the aircraft
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navigation and communication equip-
ment. It provides the means for
switching the various communications
or navigation equipment audio out-g
puts either to earphone or loudspeaker
channels. Separate amplifiers are used
for these two audio channels. The am-
plifiers include compressing circuitry
which tends to equalize the amplifier
output over wide-ranging input levels.
Filtering enables selection of voice orf
identification Morse code tones. Auxil-
iary inputs and outputs, along with
electronic switching, provide the ver-
satility of passenger entertainment,
intercommunication, announcements,
etc.

Advantages of system integration

The RCA approach has been to pro
vide high performance and quality i
instrument - panel - mounted avionics
Although a number of panel-mounte:
equipments have been available fo
years, they have all been in th
low-cost category intended for not
instrument-flying  single-engine ai
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craft. Even the equipment that is
most competitive with RCA’s new
line is all remotely mounted and con-
trolled, and only the indicators and/or
control heads are panel-mounted. For
example, Fig. 2 shows a group of mod-
ern remotely mounted equipments
along with their associated control
heads and indicators. The equipment
equivalently performs functions iden-
tical to those of RCA’s single-package
AVN-210 navigation system. The ad-
@vantages of integrating the several
avionics functions in a single package
are as follows:

1) Considerable weight reduction;

aside from the weight saving of minia-
turization, a savings in weight of two
or more remote packages and associ-
ated aircraft wiring is substantial. In
the case of the navigation system, the
weight saving in an AVN-210 installa-
tion is typically 20 to 25 pounds.

2) Reduction of cockpit workload; in-
tegration eliminates potential pilot
confusion resulting from multiple con-
trol heads and separate indicators.

3) Substantial space savings; elimina-
tion of separate control heads and in-
dicators relieves instrument-panel con-
gestion and conserves room in the
aircraft.

4) Notable improvement in system re-
liability. Studies and field reports show

AVA-310

'Fig. 1—The navigation and communication line of equipment produced by the Aviation Equipment Department of EASD.

that system reliability improves with:
a) a reduction in the number of system
components, brought about by circuit
integration and elimination both of
remote control circuitry and of multiple
components, such as power supplies;
b) a considerable reduction in wiring
and interconnections; c¢) lower operat-
ing temperatures as a result of the low
power demands of some miniaturized
circuit forms; d) the use of monolithic
integrated circuits which, on a circuit
function-per-function basis, are more
reliable than discrete components; and
e) an idealized environment, such as
the cockpit.

5) Reduction of system costs; although
many miniature components are rela-
tively expensive, initial equipment costs

13
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are lower because most redundant com-
ponents are eliminated and packaging
costs are reduced.

6) Low current drain; a safety factor
derives from the possibility that power
for the equipment could be supplied
from an emergency battery in the event
of an aircraft power failure.

General design aspects

The availability of competitively
priced monolithic integrated circuits
has been a major factor in the design
of RCA’s integrated avionics. Numer-
ous single-function integrated circuits
are used, and in the frequency syn-
thesizer of the AVC-110 transceiver
medium-scale integration techniques
were applied. Use of small, stable cer-
amic capacitors has greatly improved
circuit function densities. Although
multilayer printed-circuit boards offer
packaging advantages, consideration
of cost and reliability dictates the use
of double-sided printed-circuit boards
with plated-through holes. An eyelet-
type of device called a griplet is used
in most holes to attain the added re-
liability of redundant connections
from one side of the printed-circuit
board to the other, Redundant paths
on both sides of the boards serve the
same purpose. With these approaches,
intermittent connections are virtually
nonexistent.

Maintenance costs throughout the life
of avionic equipment has historically
been more than twice the original
equipment cost. Notwithstanding re-
liability improvement, serviceability is
an important design factor. In the in-
tegrated navigation and communica-
tion equipments, the majority of the
components are located on printed-
circuit boards. In a typical case, the
boards are mounted along the surfaces
of the unit so that all of the board com-
ponents are readily accessible for test
or replacement.

In general, each printed-circuit board
consists of a complete sub-system. For
example, the marker-beacon receiver

of the AVN-210 is a complete sub-

system entirely mounted on a single
board. Isolating a subsystem to a sin-
gle board minimizes the number of
external leads and makes subsystem
testing less complex.

Since each unit operates directly from
14- or 28-volt aircraft power supplies,
without wiring changes, there is no
need for several models to fit all air-

MARKER BEACON
RECEIVER

GLIDESLOPE .
RECEIVER

Fig. 2—Typical navigation system with traditional remoteiy-mounted black boxes before the

introduction of the AVN-210.

craft types. Performance is essentially
constant from approximately 11.5 to
32 vpc. Each unit contains some form
of pC regulator set typically to 9.5
volts. Where a low average current
drain is required, such as the 300 mA
drawn by the AVN-210, a series-type
regulator is used. The communica-
tions transmitter, however, requires
approximately 13 vpc for full output;
also currents in the order of 5 amperes
are drawn. Hence a series pc regulator
would be inefficient and would pro-
duce a serious dissipation problem.
Thus, in this particular instance, a
switching-type regulator is used.

Power supply design is of particular
importance, especially where a single
supply is used by two or more sub-
systems, as in the case of the AVN-
210. Careful attention must be paid
to circuit design, component ratings,
and quality to achieve an adequate
MTBF for the system. Subsystems must
be isolated with respect to the power
supply so that one cannot adversely
affect another.

With increasing avionic complexity,
the pilot must have an effective means
of monitoring the equipment opera-
tion. The AVN-210 contains a simple,
but effective, self-test for each
function. The AVC-110 enables the
pilot to monitor both receiver and
transmitter operations and to observe
whether transmitter protective circuits
have decreased communications range
under adverse conditions.

Emergency provisions in the AVA-
310 audio system enhance system
reliability for all navigation-and-
communication audio aboard the
aircraft. Interconnections allow ear-
phone operation for the units in the
event of a total electronic failure; that

is, failure of both amplifiers and/or
the power supply.

Digital circuits, with recent advanced®
in components, offer size advantages in
areas that heretofore have strictly fol-
lowed analog approaches. Tradition-
ally, vor converters handling 30-Hz
signals have usually contained bulky
components, but the AVN-210 vo
converter is considerably smaller
thanks to active filters and digital cir-
cuit techniques.

With the exception of the audio sys-
tem, each unit is mounted in the air-
craft instrument panel by means of a
standard instrument clamp. It enables
one man, unaided, to remove the unit
from either the front or rear of the
panel merely by loosening two front
panel screws.

Main connectors in each unit are of
the PT type, but size and keying differ-
ences prevent misconnecting them.
Antenna connectors are keyed in the
same manner for the same reason.

Market potential

RCA’s new aviation nav/com line isg
the start of a trend based on a solid
technical foundation. Quality and
performance heretofore found only in
remotely mounted equipments are now
available in panel-mounted equipment
with the attendant advantages of
smaller size, lighter weight, and lowe
equipment and installation costs. To-
gether with operational advantages
and high reliability, these are attrac-
tive factors in a market that ranges
from light twin-engine aircraft to the
business jet. There appears to be ag
natural fit in the growing community-
airline market. Some of the smaller
military aircraft also offer a potential
market.

&




The AVN-210 —

an integrated

aircraft navigation system

'M. Masse

The AVN-210 VHF Navigation System combines several previously separate naviga-
tional functions in one compact instrument package. To accomplish this, some
unconventional circuit and packaging techniques were used. This paper first intro-
duces the reader to some aircraft navigational concepts and then describes the

‘,electrical design and packaging techniques used to achieve this unique, integrated
unit. Some of the problems encountered, and their solutions, are also discussed.

HERE ARE TWO BASIC commonly
used aircraft navigational aids:

.

1) A vor receiver and converter for en-
route navigation. VOR is an abbreviation
for vHF omnidirectional range (also
known as “omnirange”).

2) An instrument landing system
(iLs) which by means of localizer,
glideslope, and marker-beacon func-
 tions provides the pilot with course,
descent, and range information on final
approach.

The AVN-210 Navigation System pro-
vides the pilot with all necesary radio
instrumentation for both vor and ILS

VOR receiver and converter

The VOR receiver operates in the 108-
to 118-MHz frequency band with a
ground transmitter power of 200
@ watts. Because of the modulation
process at the vor ground station, the
voR converter will be able to recog-
nize a phase difference between two
30-Hz signals transmitted—a refer-
ence-phase signal and a variable-phase
signal. This phase relationship will
'depend on the azimuth of the airplane
relative to the ground station and mag-
netic north. For example, the vor re-
ceiver of an airplane located on a
magnetic north azimuth from the vor
station receives a signal in which the
@ variable and reference 30-Hz audio are
exactly in phase. At an easterly azi-
muth, the variable phase lags the ref-
erence phase by 90° and so on. The
purpose of the VOR converter is to
recognize the phase difference between
_the variable and reference signals, and
to process the information for display
to the pilot on a course indicator.

Reprint RE-15-6-2
Final manuscript received October 28, 1969.

Localizer receiver and converter

At the airport site, an RF signal is
radiated along the runway. The signal
is modulated at 90 Hz along the left
side of the runway and at 150 Hz
along the right side. The radiation pat-
terns of the two modulations are of
equal field intensity along the center-
line of the runway. When the naviga-
tion receiver is tuned to a localizer
frequency, the detector sees a com-
posite signal of 90 and 150 Hz. [In
the RCA AVN-210 system, this re-
ceiver is the same as that used for
vor.] The respective amplitudes of
the 90- and 150-Hz components, as
seen by the receiver, depend upon the
angular displacement of the airplane
from the centerline of the runway. In
the localizer converter, the 90- and
150-Hz components are isolated, rec-
tified, and differentially compared (see
Fig. 1). The amplitude difference,
displayed by the right-left meter, in-
dicates to the pilot the lateral displace-
ment of the airplane with respect to
the runway center. ‘

Glideslope receiver and converter

From the glideslope antenna array at
the airport, a horizontally polarized
RF beam is radiated at a vertical angle
of from 214° to 3° (see Fig. 1). The
upper side of the beam is modulated
at 90 Hz; the lower side is 150 Hz.
At the center of the beam, the 90- and
150-Hz components are of equal field
intensity. An aircraft following the
center of the beam descends toward
the runway at an angle equal to that
of the radiated beam. The glideslope
receiver and converter receives the
signal and transforms it to a visual
display representing the vertical dis-
placement of the airplane from the
center of the beam.

Michel S. Masse, Ldr.

Navigation Engineering

Aviation Equipment Department

Electromagnetic and Aviation Systems Division
Los Angeles, California

received the BSEE from the Advanced Industrial
Studies School (Hautes Etudes Industrielles) ol
the University of Lille, France, in 1948. He joined
the RCA Aviation Equipment Department in 1964,
and participated in the design of the AVQ-75 DME
and the AVN-210 VHF Integrated Navigation Sys-
tem. During prior job tenure with Lear and then
Motorola, Mr. Masse worked on VOR/Localizer
and Glideslope receivers, marker-beacon receivers,
automatic direction finders, and automatic VOR.
Prior to this he was employed by Canadair Ltd
where he worked on the F86 and T33 electrical
and electronic simulators. Mr. Masse has been
awarded one patent since joining RCA.

Marker-beacon receiver and light
amplifiers

Two 75-MHz transmitters, called the
outer and middle markers, are nor-
mally part of an airport’s ILS instal-
lation. Each transmitter radiates a
fan or dumbbell-shaped pattern. The
outer marker is typically located from
four to seven miles from the approach
end of the runway, and within 250
feet of the extended centerline of the
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runway. The carrier is amplitude-
modulated at 400 Hz and keyed to
produce successive dashes. The mid-
dle marker is typically located 3500
=250 feet from the runway and within
50 feet of the centerline extended. The
carrier is amplitude-modulated at
1300 Hz and keyed to produce alter-
nate dots and dashes.

As the airplane on an ILs approach
passes over the outer marker, a blue
lamp lights in accordance with the
400-Hz modulation. During passage
over the middle marker, with the
1300-Hz modulation, an amber lamp
lights. Since the location of the middle
marker is relatively fixed, and the dis-
tance from the runway of the outer
marker is published on approach
plates, the pilot has a distinct indica-
tion of his position. Passage over the
marker is emphasized by the keyed
tone audible through the aircraft
audio system.

The 75-MHz carrier of the airway
markers is amplitude-modulated at
3000 Hz. The airway markers are
located on prominent airways or hold-
ing points. They are used for naviga-
tion location references. The Morse
Code identification keying indicates
the direction of the marker from the
associated VOR station with respect to
magnetic north.

System concept

Until recently, equipping an airplane
for vor-iLs flight required installation
of a number of distinct units of vari-
ous dimensions and weights; the func-
tions of these units were typically as
shown by the separate blocks in Fig.
2. Moreover, for commercial flight
under instrument flight rules (IFR),
two navigation receivers and indica-
tors are required by Federal Aviation
Administration regulation. With the
advent of semiconductor components,
various combinations of the functions
shown in Fig. 2 began to take place.
Examples of such combinations are
the frequency selector and VvOR/
localizer receiver, vor/localizer con-
verter and indicator, or the vor/
localizer receiver and converters. Inte-
grated circuits have made possible the
AVN-210 Integrated Navigation Sys-
tem, which combines all of the vor-1Ls
functions shown in Fig. 2 into a single
3-x3-x1015-in, package that can be

VHF LOCALIZER
108.1 TO 111.9 MHZ, 0DD TENTHS ONLY.

POLNT OF INTERSECTION,

UHF GLIDESLOPE TRANSMITTER
329.3 TO 335.0 MHZ. MODULATION
FREQUENCIES 90 AND 150 KZ.

90 HZ:

Fig. 1—Instrument fanding system.

installed in the standard instrument
panel hole normally provided for the
indicator only.

The AVN-210 navigation system con-
cept, as illustrated in the block dia-
gram of Fig. 3, adheres closely to what
has been the industry practice for a
number of years. However, the con-
centration of all functions into a single
black box of greatly reduced size
(available at competitive prices, and
offering equal performance) makes
the ensemble unique. Approaches and
techniques were judiciously chosen
throughout the .design stage to main-
tain compatibility between cost, size
and required performance. In fact, the
applicable FAA TS8O requirements
had to be met, or exceeded, over both
standard and extreme environmental
conditions. [ TSO is technical standard
order, an environmental and opera-
tional specification based on minimum
performance standards. Issued by the
FAA, the TSO may be subdivided
into categories of location or condi-
tions. TSO approval is required for
all equipment used by the airlines.]

The electrical portion of the naviga-
tion unit may be divided into four
main sections:

1) The navigation receiver,

2) The vor and localizer converters,

3) The glideslope receiver and conver-
ter, and

4) The marker-beacon receiver and
light amplifiers.

RUNWAY AND GLIDE PATH EXTENDED

GLIDESLOPE MODULATION
FREQUENCY

MIDDLE MARKER
MODULAT 10N 1300 HZ
MODULAT 10N FREQUENC ES 90 AND 150 HZ. KEYING:

ALTERNATE DOT & DASH

QUTER MARKER
MODULAT {ON 400 HZ
KEYING: TW0 DASHES/SECOND

LOCALIZER MODULAT ION
FREQUENCY

90 HZ 150 HZ

150 HZ

-

The navigation receiver

The navigation receiver, also com-
monly known as the vor/localizer re-
ceiver, is designed to retain the
integrity of information received at
the antenna since it must be trans-
formed both to a visual display for
the pilot and to a command to the
automatic pilot. The receiver must
therefore be optimal throughout the
applicable range of RF input signal
level with respect to: immunity to
cross-modulation, 1F bandpass charac @
teristics, and audio phase and ampli-
tude distortion.

The vor/localizer receiver is of the
well-known  double-superheterodyne
configuration. The received frequens’
cies, ranging from 108 to 117.95 MHz
in 200 discrete channels, are spaced in
50-kHz increments. A bank of 10 crys-
tals, individually selected by means of
the MHz knob, initiates a local oscilla-
tor signal ranging from 76.025 to
85.025 MHz in 1-MHz steps. This sig@
nal is fed to the first mixer for a re-
sultant first 1F at a frequency sliding
from 31,975 to 32,925 MHz which, in
turn, is fed to the second mixer. A
bank of 20 crystals, ranging from
44.705 to 45.655 MHz in 50-kHz step%@
(selected by means of the KHz knob) ,*
constitutes the source of the second
local oscillator signal for a resultant
12.73-MHz second intermediate fre-
quency.

N




The rF and IF gain averages 122 dB
which, together with the automatic
gain control (Acc), provides usable
navigation information throughout an
RF-signal-input range of from 1.5 to

50,000 antenna-generated microvolts.

Selective use of dual-gate field-effect
transistors and integrated cascode-con-
nected 1F amplifiers provide state-of-
the-art capabilities in the optimization
of cross-modulation and Acc charac-
teristics, and holds distortion to a
minimum. The acc filtering, impor-
tant to the integrity of the audio-
modulation phase, is achieved by an
adaptive filter. The filter provides ade-
quate 30-Hz attenuation, but does not
greatly penalize AGC recovery time in
the event of large variations in the
amplitude of the ®rF input signal. The
required 1¥ bandpass is provided with
optimum volume efficiency by a crys-
tal filter that maintains a 6-dB band-
width greater than *21 kHz and a
60-dB bandwidth of less than *60
kHz.

The receiver board also embodies the
audio (speech) amplifier capable of
delivering up to 100 mW of audio
signal into a standard 600-ohm load.
The audio output is adjustable by
manual volume control knob.

VOR and localizer converters

The vor signal conveyed from the re-
ceiver detector to the VOR converter
consists of a 9960-Hz subcarrier, fre-
quency-modulated at 30 Hz; this is
the reference-phase signal. A 30-Hz
fixed-frequency audio signal, the vari-
able phase signal, is also fed to the
VOR converter. With the aid of an FM
detector, the 9960-Hz subcarrier is

 converted to 30 Hz, which then be-

comes the 30-Hz reference phase. The
modulating process at the VOR
ground station results in a definite
phase relationship between the 30-Hz
reference and variable signals for any
given azimuth of the airplane relative
to the ground station and magnetic
north. The converter discriminates
the phase difference between the two
signals and processes this information
for display.

Because of space restrictions, the most
common design approach that makes
use of bulky inductors and transfor-
mers was avoided. Maximum utiliza-
tion of integrated circuits was
achieved by use of :

Operational amplifier active filter tech-
niques.

Operational amplifier zero-crossover
detector networks to transform the
sinewaves into square waves without
degradation of phase information.
Quad gates as phase discriminators,
level sensors, and disable circuits.

In the localizer converter, to conserve
space, highly stable active bandpass
filters were used for frequency selec-
tion instead of the more common LC
filters. The right-left deviation-meter
amplifier (an integrated circuit) is
common both to the vor and localizer
functions. The right-left information
requires smoothing to be usable in an
autopilot system. In a typical non-
AVN-210 installation, smoothing is
effected by paralleling the deviation
meter and additional loads by large
values of capacitors (typically larger
than 5000 uF) located outside of the
system black boxes. The AVN-210
achieves the damping at the high-
impedance input of the deviation
meter amplifier, allowing for inter
nally mounted low-value capacitors,
and thus reducing installation com-
plexity and cost.

Glideslope receiver and converter

In addition to performance require-
ments, which are neatly identical to
those of the vor/localizer receiver, the
glideslope receiver must offer an ex-
tremely flat Acc characteristic and be
capable of handling large percentages
of modulation.

The receiver is of the = double-
conversion type with an RF and IF gain
of approximately 95 dB. A bank of 20
crystals ranging from 88.767 to 90.667
MHz provides the primary frequency
selection of the first oscillator. Cou-
pling of the selected crystal to the oscil-
lator is effected through an MHz/KHz
wafer-switch combination to ensure
proper pairing with the localizer fre-
quencies. The first oscillator frequency
is tripled and mixed with the incom-
ing signal varying from 329.3 to 335.0
MHz to obtain a 63-MHz first 1IF. A
single-crystal oscillator at 51.6875
MHz provides an injection signal to
the second mixer for a second inter-
mediate frequency of 11.310 MHz.
State-of-the-art  devices, such as
double-gate field-effect transistors and
integrated 1F amplifiers, are used
where they offer advantages in per-

FREQUENCY SELECTOR

MARKER-BEACON
RECEIVER AND
LIGHT AMPLIFIER

! !

GLIDESLOPE
RECEIVER AND
CONVERTER

VOR/LOCALIZER
RECEIVER AND
CONVERTER

VOR/LOCALIZER
AND GLIDESLOPE

INDICATOR METERS

MARKER-BEACON
INDICATOR LAMPS

Fig. 2—Grouping by black box of airborne
VOR/ILS receiver functions before RCA's
AVN-210 system.

formance, size, and cost. Bandpass
requirements are efficiently met with
the use of a multiple-section crystal
filter.

The converter is identical to that de-
scribed for the localizer except for
minor differences in bandpass and
gain characteristics.

Marker beacon receiver and light amplifier

The AVN-210 marker receiver can
operate in either high- or low-
sensitivity modes. A switch enables
the pilot to make the selection. One
dual-gate field-effect transistor and
two cascode-connected integrated RF
amplifiers provide the 45-dB gain re-
quired in the high-sensitivity mode.
For all practical purposes, receiver
selectivity is determined by the input
crystal filter. The audio and Acc am-
plifiers are integrated circuits. The
three audio bandpass filters are low-Q
series-tuned circuits. They provide the
necessary selectivity so that one lamp
only can light for any incoming
marker signal. The audio (tone) am-
plifier can deliver up to 75 mW to a
standard load of 600 ohms.

Self-test

The self-test function is provided for
the entire AVN-210 by a 30-Hz square
waveform generated by a simple free-
running multivibrator that is excited
when the self-test pushbutton is
pressed. The square wave is fed con-
currently to the vor/localizer con-
verter, the glideslope converter, and
the marker-beacon light amplifier.

If a vor frequency is selected, de-
pressing the self-test pushbutton
activates the VOR circuit, and a 60°-
from bearing is displayed on the indi-
cator. The three marker lamps light.
If an 1Ls frequency is selected, and the
self-test pushbutton is depressed, the
third and fifth harmonics present in

17



GLIDESLOPE RECEIVER & CONVERTER

l { IST.IE | ‘

ST MIXER| 2KD
FALTER

& AMPL 63 MHZ MIXER

—

BANDPASS
FILTER
320.3 -

335,0 MHZ

BANDPASS

FLaG
AND

al%?
35
23
|

‘ S0-HZ f

AMPL

UP/DOWN.:
srooi | HELER

HETER
AHPL

NETWORK

266.30- 1"

TRIPLES
seR ZKD.
CRYSTAL
oSt
511687 5 M,

STCRYSTAI

150-HZ
ANDPAS!
AMPL

FREQUENCY. ‘& FUNCT 10N SELECTOR
WAFER SWITCH

o it eor s
> ARINCFREQ
p— SELECTION

DME/AUTOPILOT
SELF. TEST|
: G wirest <. CONTROL

VOR/LOC RECE { VER =
POWER SUPPLY

SELF-TESY.
DSC.
0 HZ L

T5T-0SC
: 76,025
: 5.025 bR
; TURED |- CEAST Y 5 pa
T_ RE AL SR L) e FiLE SEReSTAL
e 38 ERATAER B R e i

ol 2NDEHF.

AMPL

3
i

|

: Lano i p
200 1F D10
P "{ AM?L—‘H,Z%‘f‘,;H "oETECTO

|85 wour
< |REGULATER

10.Pc BOARDS

| - ChACSECRCTOR. L
475 VOLT SWITCH: o i
ReebearoR TR

. [FARKER. BEACON RECEIVER £ LTGHT AMPLIFIER

[

 mome
BANDPASS|

LT CEEIE R py
DPASS] 5

e e
S SENSITAVMITY. S i
[conrror ) e

- et Lamtrr avipclafrr ‘ AU&)‘!‘O‘ 1o
¥ T-Al 3 i
O TTRTA T ey RF. AMPL|-wIRE AMP;HDHECTOR .

i LR

< JVOR/LLGC CONVERTER - :

e e
o] LiMiTER DETECTORE T

RESDEVER]
oanpL T

: 2| PemrrEm| e
PHASE. X

: REF PHASE :

SHIFTER [ Thanopass amey

LIMITER

dufrEr cevirt
SENSOR

£ T 30-HZ
LU EASSL sl ViR pHASE.
o . [BANDPASS AMP:

CONVERTE| ) X
TFDASABLE Y i

s fmRceaRsE] sl
AMPL T
Clumirer T

the 30-Hz square wave pass through
the 90- and 150-Hz filters, causing the
right-left needle to deflect to the right
(90 Hz dominant) and the glideslope
needle to deflect downward. The three
marker lamps also light. The appro-
priate warning flags are deflected from
view, and the remote DME self-test
function is actuated for both the VOR
and 1Ls channels. Such a simple sys-
tem provides the user with an opera-
tional test only. There is no specified
accuracy verification by means of
self-test; however, for a given unit,
subsequent reproducibility of the
indications given by the self-test signal
generates confidence that the systems
are operating accurately. Furthermore,
Federal Aviation Regulation Part
91.25 specifies that an externally

Fig. 3—AVN-210 ‘V‘HF"integrated navigation system.

-

generated signal‘ be used for checking
the accuracy of VOR receivers prior to
IFR flight.

Power requirements

The current drain of the system
averages 300 mA from a voltage
source of 11.5 to 32 vpc. Conventional
series regulators provide the 9.5 and
4.75 vpc required for the solid-state
circuits.

Physical aspects

Fig. 4 is a photograph of the AVN-
210 without its dust cover. The omni-
range bearing selector (oBs) card,
graduated through 360° in 5° incre-
ments, appears on the dial face. It is
geared to the oBs selector knob, and

enables the operator to select any de-
sired vor bearing. The following are
located within the inner circular area
of the bearing angle selector ring:

The cross pointer needles; the vertical
and horizontal needles that indicate,
respectively, left-right and up-down de-
viations from localizer and glideslope
approach.

The to/from (t/F) indicator, located
in the window above the horizontal
needle, indjcates in VOR operation
whether the selected course bearing is
from the aircraft fo the station or from
the station to the aircraft.

The vor/roc and 6s warning flags,
which drop out of sight whenever a
usable signal is present and the equip-
ment is operating properly.

The display of the selected vor/local-
izer receiver frequency.

The casting on the outer periphery of
the bearing dial provides support for

1) Three marker-beacon lamps, identi-
fied A (airways), 0 (outer), and M
(middle) ;

2) The marker-beacon HI/1L0 sensitivity, P

selector switch;

3) The self-test pushbutton switch;

4) The oss selector knob coaxial to the
volume control knob; and

5) The coaxial MHz and KHz fre-
quency-selector knobs.

The enclosed portion of the unit,
located behind the instrument dial
face, contains:

The five sensitive DC meter movements
that actuate the deviation needles, the
1/F indicator, and the warning flags.
The gearing arrangement necessary to
actuate the resolver coupled to the oBs
card, and the wafer switches coupled
to the frequency selector knobs.

Four printed-circuit cards are mounted
in the rear section. Concentrated on
these cards are the circuits and com-
ponents that perform the functions of
the vor/localizer receiver and power
supply (top), the vor/localizer con-
verters (left side), the glideslope re-
ceiver and converter (bottom), and
the marker-beacon receiver and light
amplifiers (right side). In Fig. 4, one
of the boards is swung out to show
the switch assembly. Sandwiched
along the center shaft, the successive
wafer switches provide crystal selec-
tion for the desired channel, Vor or
localizer and glideslope function.
They also provide the necessary logic
for selecting the frequency for the
remotely mounted distance-measuring
equipment (pME). The main connec-
tor, three antenna jacks, and the
power elements of the voltage regu-
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lator are mounted on the rear plate.
Although compact, the unit is easily
serviceable as both side boards swing
out, making all internal elements and
wiring accessible. All printed circuit

®hoards can be removed from the frame
in a few minutes.

Problem areas

Several of the problems normally an-

‘ticipated in the design and develop-
ment of a new product proved to be
of greater than usual complexity, pri-
marily because of the multiplicity of
functions within a small package. The
most significant problems were

¥  Receiver spurious responses and oscil-
lator beats,
Power supply and distribution, and
Component-size limitation.

Receiver spurious responses and
oscillator beats

»

Although precautions are taken in
printed-circuit layout and in the loca-
tion of critical-function elements,
high-density packaging, such as that
of the AVN-210, leaves little freedom
to provide isolation between the vari-
A® ous sections of a receiver, or even
between two or more receivers within
the system.

Complete shielding of the oscillators,
mixers, and RF sections of the vor/
localizer and glideslope receivers of

° the AVN-210 is neither practical nor
desirable as it would impair service-
ability and increase the cost of the
equipment,

A three-step procedure was followed
to avoid undesirable spurious re-
" sponses and to preclude oscillator
beats that could be generated by the
presence of four live oscillators in a
limited space:

1) Oscillators and mixers were mounted
® on separate “baby” printed-circuit

boards and boxed into rRr-shielded en-
closures. This provided sufficient isola-
tion.
2) Separate ground returns from crys-
tal decks to oscillator-mixer assemblies
were used to prevent disturbances that
would be created by ground loops be-
tween receiver sections and between
individual receivers.
3) Field-effect transistors, rather than
their bipolar counterparts, were used
for their ability to provide oscillator
signals with lower high-order harmonic
content.,

Power supply and distribution

Common power sources, in the form
of pc-voltage regulators, are used for
the entire AVN-210 system. Internally
created ripple would cause inaccura-
cies in the displayed navigation infor-
mation; for instance:

A 30-Hz ripple originating at the VOR
converter could add to the modulation
of the RF signal present at the low-
level stages of the vor receiver. This
would probably result in a phase shift
of the incoming signal and a display of
false information by the right-left
needle and possibly by the 1/F indi-
cator.

A 90- or 150-Hz ripple originating at
the localizer converter could add to the
90- or 150-Hz modulation of the RF
signal present at the low-level stages of
the glideslope receiver. If the modula-
tion depth characteristics of the in-
coming signals were thus altered, the
glide-slope needle would deviate er-
roneously.

To prevent such inaccuracies, the
power sources are designed to offer a
very low source impedance to the
loads (0.01 ohm) while interconnect-
ing wires and protective-fuse resis-
tances are kept to a minimum, thus
avoiding the use of large-size elements
necessary for low-frequency (30, 90,
and 150 Hz) decoupling. Also, signal
paths, power, and ground distribution
within a single board are carefully
laid out to avoid interstage interfer-
ence, especially in the presence of ad-
verse environmental conditions.

Component-size limitation

The cost and size definitions of the
AVN-210 package demanded a mini-
mum number of the smallest size com-
ponents. Integrated circuits provided
an immediate answer for the “active”
part of the circuit. Keeping in mind
that low frequencies (30, 90, and 150
Hz) carry the navigation intelligence,
one sees that the inductor and capaci-
tor elements offered more of a chal-
lenge. Active rc filters are used
wherever there are low-frequency dis-
crimination requirements, and high-
impedance circuits allow use of small
capacitors of relatively low value.

Reliability

To achieve the high degree of reliabil-
ity most essential to a navigation and
approach-aid system, special attention
was paid to:

Fig. 4—All AVN-210 subystems are accessi-
ble for servicing.

Reducing the number of components in
minimizing circuit complexity.
Reducing eventual component failure
through careful evaluation of electrical,
mechanical, and thermal stresses.
Reducing the quantity of interconnect-
ing wiring by optimizing the packaging
functional distribution.

Eliminating eventual intermittencies by
use of redundant circuit paths, plated-
through holes, and feed-through grip-
lets, where practical.

Although the AVN-210 contains all of
the elements necessary to perform the
functions generally provided by
several discrete equipments, it is cal-
culated that a minimum mean-time-
between-failure (MTBF) of 1500 hours
should be obtained by the AVN-210
series. While there is not enough data
available at this time to confirm this
engineering evaluation, available in-
formation is favorable.

Conclusion

The AVN-210 series offers a new con-
cept of an airborne navigation system;
it embodies some unconventional cir-
cuit techniques for optimum use of
miniature components, such as inte-
grated circuits, monolithic ceramic
capacitors, and multiple solid-state
devices. It represents a first step to-
ward an overdue miniaturization of
aircraft navigation equipments. The
low power consumption, light weight,
ease of installation, and competitive
cost should be attractive features to
most avionic users.
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The AVC-110—a compact
airborne communication
transceiver

H. Voimerange

The AVC-110 VHF Communications Transceiver utilizes all solid-state circuitry with
extensive use of integrated circuits and medium-scale integration. In fact, the only
mechanical devices are the operating controis and the associated channel-selector
switch. At the heart of the unit is a digital frequency synthesizer which provides the
precise RF signals utilized by both the receiver and transmitter. The combination of
reliable solid-state components, advanced but proven circuit techniques, and
reliability-oriented design approaches, have given the AVC-110 a calculated mean-

time-between-failure (MTBF) of more than 1500 hours.

OR THE PAST SEVERAL DECADES,

many manufacturers, including
RCA, have contributed design funda-
mentals to airborne communications
equipment which is virtually an indis-
pensable part of the avionics package
of an airplane. In more recent years,
refinements, rather than fundamen-
tals, have preoccupied designers, but
with the AVC-110 VHF Communica-
tions Transceiver, entirely contained
in one package for instrument-panel
mounting, a substantial forward step is
achieved. In company with formidable
competitors, the AVC-110 provides
360 channels with 50-kHz spacing
in the 118.00- to 135.95-MHz fre-
quency band. It has 20 waits of trans-
mitter output power for a rated 200-
nautical-mile range, and weighs only
4.8 pounds instead of 10, 15, or even
20 pounds, characteristic of competi-
tive remotely controlled units. Not-
withstanding its small size
(approximately 3.2 x 3.2 x 10 inches),
the AVC-110 ranks among the best
since it qualifies for the Federal Avia-
tion Agency TSO (technical standard
order), a set of performance and en-
vironmental tests comparable to those
of military specifications.

The unit consists of five principal sub-
assemblies, most of which can be
readily identified in the block diagram
(Fig. 1). These are

1) Control head

2) Frequency synthesizer

3) Receiver

4) Transmitter (including modulator)
5) Power supply

Reprint RE-15-6-3
Final manuscript received January 16, 1970.

Note that the relative simplicity of the
system is made possible by the digital
frequency synthesizer.

The AVC-110 without the protective
dust cover is shown in Fig. 2. Ease of
factory production and serviceability
are not sacrificed to compactness, as
may be noted in the photograph.

The control head is contained in ap-
proximately the front two inches of
the AVC-110. It consists of the various
control knobs, gearing, frequency
readout, and transmitter monitoring
lamp. The rear portion of this assem-
bly includes the wafer switches neces-
sary for selection of the desired
channel frequency. The selector switch
also provides voltages for electronic
tuning of the receiver RF section.

The frequency synthesizer is mounted
on the right side of the unit in a
shielded enclosure. The receiver con-
sists of a printed-circuit board assem-
bly and, as can be seen in Fig. 2, is
mounted on the top of the unit. The
transmitter and modulator assembly is
mounted on the finned heat sink and
becomes the left-side structural mem-

-~ ber of the unit. Lastly, the power sup-

plies are mounted on the central
chassis and tear plate assembly.

Transmitter/modulator

The transmitter/modulator susbsystem
consists of a VHF power amplifier and
an amplitude modulator. The VHF
part of the transmitter consists of four
wideband stages of amplification
which provide more than a 20-W out-
put from a 20-mW input. The first
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Aviation Equipment Department

Electromagnetic and Aviation System Division
Los Angeles, Calif.
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for both transmitter and receiver.

g two stages operate in class-AB to pro-
vide higher gain at a power level
where efficiency is not paramount. The
last two stages operate in class-C. The
collector efficiency of the final stage is
60% and the overall amplifier effi-
ciency is 40%. The final stage is a

"single package consisting of two dual
chips of multiple-emitter transistors
with matching diffused emitter resis-
tors. The VHF output of the transmitter
passes through a low-pass filter which
rejects VHF and UHF harmonics gen-

@erated in the non-linear power stages.
Other circuits related to the VHF out-
put are the sidetone, the VHF TR
switch, and the reflected power detec-
tor.

Amplitude modulation in transistor-
@ized RF power amplifiers is of the
collector type and must be applied to
several stages to overcome both the
loss of power gain at modulation peaks
and the feedthrough of drive power to
the output at modulation troughs. In
the AVC-110, stages 2, 3, and 4 are
Wmodulated. Stage 2 receives only the
modulation peaks; stages 3 and 4 re-
ceive full modulation.

An RCA integrated circuit is used to

boost the microphone output to a
_power level that properly drives the
‘final 15-W push-pull stages driving the
modulation transformer.

In a communication system, it is de-
sirable to maximize speech compre-

‘ 118 - 154
9.5V
*i2 1032 V0C_f REGULATED =5 .5 FREQUENCY-SYNTHES 1ZER ASSEMBLY
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hension. This is accomplished by a
high index of modulation. The modu-
lator contains a compressor circuit (an
AGc at audio frequencies) . The output
level remains essentially independent
of the loudness of the operator’s voice.
The compressor, while maintaining a
relative high modulation level, also
prevents overmodulation and has a
range of more than 30 dB.

At the heart of the solid-state trans-
mit/receive switch are two PIN diodes.
One is used in series with the trans-
mitter output; the other is in shunt
with the receiver input at the center
of a broad series-tuned circuit. Both
are held in a low-impedance conduc-
tion mode by current from the trans-
mitter power supply. A fraction of a
dB insertion loss to the respective
ports 1is provided, while some
40-dB transmitter-receiver isolation is
achieved.

Receiver

The receivef is a single-conversion
type. It has a full RF and IF gain of
more than 130 dB and has a sensitivity
(6 dB signal + noise/noise) of better
than one microvolt. It includes a
squelch system which maintains a rel-
atively constant threshold over a wide
range of input noise.

Receiver front end

The receiver front end consists of two
RCA dual-gate MOSFET’s used as an

Fig. 1—AVC-110 VHF Communication Transceiver; the heart of this unit is the digital frequency synthesizer which provides precise RF signals

RF amplifier and as a mixer. These de-
vices, chosen for their almost perfect
square-law characteristics, reduce the
effects of cross modulation and spuri-
ous mixing products to a minimum—
impossible to achieve with bipolar
transistors or even with many tubes.
Their cascode configuration reduces
the feedback capacitance to a point
where neutralization is not necessary
at high-gain levels. Front-end selec-
tivity is provided by three tuned cir-
cuits and a tracking image-rejection
trap. Tuning is achieved by varactors
whose tuning voltage is provided by a
resistance divider controlled by the
MHz frequency selector.

Local oscillator and IF amplifier

Local-oscillator voltage is fed to the
mixer by the frequency synthesizer at
a frequency 16 MHz higher than the
received frequency. The IF first passes
through an eight-pole crystal filter
(6 dB bandwidth greater than
+14kHz, 60 dB bandwidth less than
+30KHz) matched to avoid in-band
ripple. The IF amplifier consists of
three wideband stages using high-gain
RCA integrated circuits in cascode
configuration. Conventional detection
and audio amplification through a
squelchable RCA integrated circuit
completes the receiver chain. An inter-
esting feature of the acc amplifier is
that two of the IF integrated-circuit
stages are used in sequence as DC
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Fig. 2—The AVC-110 transceiver package weighs only 4.8 Ibs,, is 3x3x10 inches in size, yet
delivers 20W of transmitter power for a rated 200-n mi. range.

differential amplifiers to control their
own IF gain and to provide the voltage
gain necessary for the delayed AGc
action in the rr amplifier.

Squelch

Simple squelches mute the receiver
audio output as long as the RF input
signal is too weak to activate the AGc.
This type of squelch presents adjust-
ment difficulties as it opens on high
noise levels at the antenna. A bal-
anced squelch is used in the AVC-110.
It operates on noise outside of the

3-kHz speech band. Noise quieting as
well as the detected rise in the carrier
voltage (upon reception of a desired
RF signal) cause the squelch to open.

Digital frequency synthesizer

With crowding of the spectrum, toler-
ances of *0.005% are placed on
transmitting frequencies. These toler-
ances can only be met by the use of
crystal oscillators. For the AVC-110,
with 360 channels, multiple mixing of
30 to 40 crystal frequencies would be
required to generate transmitter and

»
local oscillator frequencies. This solu-
tion would create both reliability and
spurious frequency problems.

The availability of digital integrated
circuits makes the digital frequency Py
synthesizer a practicality. It requires
only one reference crystal oscillator
to generate any number of discrete
frequencies through the use of a
voltage-controlled oscillator (vco) and

a programmable counter. Use of a
phase-locked loop ensures an exact @
output frequency.

The 5-MHz frequency chosen for the
crystal oscillator presents the best
compromise among size, frequency
tolerance, and crystal cost. The 5-MHz@
reference is divided by 400 in a digital
divider using three stages of MsI inte-
grated circuits. The 12.5 kHz thus
obtained determines the reference
phase, and it is used to trigger an
80-pus ramp with an amplitude that
includes all voltages necessary to the
tuning of the voltage controlled oscil-
lator (vco) in the design range. The
vCo is a varactor-tuned oscillator cov-
ering the frequency range 118.00 to
135.95 MHz plus 16.00 MHz neces-
sary to the transmitter and receiver g
local oscillator. The vco is followed by
three stages of wideband amplifiers
insuring distribution of proper drives
to the transmitter, the local oscillator,
and the programmable counter.
Owing to speed limitations of digital
circuits, a 4-to-1 frequency divider is
placed between the vco and program-
mable counter. The latter, usually
called an N-counter, is programmed to
count a number of pulses equal to
one-fourth the ratio of the desired vHF
frequency to the reference 12.5 kHzgy
and deliver an output pulse each time
it has counted the programmed num-
ber of pulses. The N-counter output
pulse closes the MOSFET switch of the
“sample-and-hold” phase detector for
about 0.5ps. As the MOSFET switch
closes, it charges the integrating filter®
to the ramp voltage of that instant.

If the vco is exactly at the desired fre-
quency, the counting cycle of the N-
counter will last exactly 80 us, and the
successive N-counter output pulseses
will occur at exactly the same phase
of the ramp. The voltage appearing on
the integrating filter, and on the vco
varactor, is constant, thus holding a




constant output frequency. If, for any
reason, the vco frequency deviates, the
time required to count the pro-
grammed number of pulses will no
longer be 80u. In such a case, the N-

@ counter output pulse will appear at a

different phase of the ramp, and the
varactor bias voltage will then be
modified to bring the vco back to the
desired frequency.

There are several design approaches

® o the circuitry of a digital frequency

synthesizer. Considerations such as
frequency coverage, environment, and
available power supply determine
whether the synthesizer will use a
high- or low-speed N-counter, one or

A several vco’s, coarse tuning by appli-

cation of a bias to the vco varactor,
auxiliary phase loops, frequency mix-
ing or multiplying, etc. The AVC-110
with a high sampling rate and a
straightforward approach has a high-
performance wideband phase loop.
The high sampling rate is made pos-
sible by the use of high-speed emitter-
coupled logic for the kHz-setting part
of the N-counter. The MHz-setting
part of the N-counter uses slower
medium-scale integrated circuitry. The
resetting after each counting cycle is
time-staggered and makes use of a
small auxiliary counter to overcome
critical propagation delays.

Due to the nature of the N-counter, a
digital frequency synthesizer is a
sampled system. In this sampling lie
most of the limitations and draw-
backs of the synthesizer. The first
limitation is on the phase-loop gain. If
the phase-loop were to run continu-
ously, the gain could theoretically be

@ infinite  without affecting stability.

Sampling introduces a delay in the
correction of phase errors and limits
stability versus gain of the phase loop.
Since the output of the N-counter
closes the sampling switch for about
0.5ps each 80us, an updating of the
varactor bias occurs at a 12.5-kHz
rate and introduces frequency modula-
tion inherent to the system. Another
undesirable effect of sampling is the
switching transients that take place
at a 12.5-kHz rate as the reference
cramp and the N-counter are reset to
start. These switching transients can
generate a spectrum of harmonics ex-
tending into the VHF band. The har-
monics modulate the vco both in

-

frequency and amplitude and create
spurious outputs or responses. Care
in design, including filtering of power
supply leads, limiting of digital circuit
bandwidth, and judicious printed-
circuit-board layout (especially with
regard to ground returns), was re-
quired to keep spurious outputs 80 dB
or more below the carrier level.

Power supplies

A prerequisite is that the AVC-110 be
capable of operating on primary air-
craft power supplies of 27.5 or 13.75
VDC without wiring changes. Three
regulated power supplies are used in
the AVC-110. The current drawn for
both the frequency synthesizer and
the receiver is less than 0.5 ampere at
9.5 volts, obtained with worst-case
voltage conditions in a low 13.75-vpc
supply. A conventional series regu-
lator handles this current and serves
as a reference for the other two.

To cover the varactor tuning range in
the synthesizer and the receiver, more
than 9.5 volts is needed. A regulated
low-current pc/pC converter steps up
the 9.5 volts to 25 volts. It operates
at a high chopping rate, 125 kHz,
from the synthesizer, and regulates on
a principle of variable duty cycle.

The transmitter-modulator subsystem
draws a high current, although nor-
mally for short transmission periods;
yet, the heat dissipation of the small
AVC-110 package is limited. For this
reason, a high-efficiency switching
regulator is used to supply this sub-
system. The nominal output voltage
of 135 vpc is reduced when the
protection circuits (described in
subsequent paragraphs) modify the
reference voltage. The separate trans-
mitter-modulator power supply is ON
during transmission only. In turn it
controls the solid-state transmit-receive
(TR) switch which directs transmitter
output to the antenna or directs the
receive signal from the antenna to
the receiver.

Protection and controls circuits

Protection and feedback control of
operation is used throughout the AVC-
110 in several unique ways. In
transistorized RF power amplifiers, the
output stage is usually critical since it
is used to the fullest of its capabilities.

Excessive transmitter duty (exceeding
normal requirements by several times)
can overheat the output transistor. A
high vswRr in the antenna and/or an-
tenna coaxial cable reflects changes of
impedance to the collector of the out-
put transistor and can cause excessive
voltage or current peaks. Either situ-
ation can have destructive effects, but
is prevented in the AVC-110 by con-
trol circuitry which reduces the supply
voltage. A reflected-power detector
(directional coupler) located in the
VHF output line and a heat-sink-
mounted thermostat are used as sen-
sors for this control circuit. In
conditions of reduced supply voltage
to the VHF power amplifier, the modu-
lator compressor adjusts automatically
to a reduced modulation output to
prevent overmodulation. In this way
a minimum of communication power
(about one quarter of normal, de-
pending on conditions) is transmitted
while the output transistor remains at
conservative levels of operation. The
operator monitors transmitter opera-
tion by both aural and visual means.
A portion of the detected output signal
supplies a transmitter monitor lamp
and an audio sidetone. Both the
brightness of the lamp and the level
of audio sidetone are proportional to
the VHF output power.

Another protection circuit is asso-
ciated with the frequency synthesizer.
It keeps the transmitter-modulator
power supply off whenever the fre-
quency synthesizer is not locked on
frequency—as during the few milli-
seconds it takes to change channels
or in the event the synthesizer should
fail to lock on.

Conclusion

Compact, reliable, self-protected, and
self-monitoring, the AVC-110 is in
harmony with present aircraft-
instrument design philosophy, as evi-
denced by the growing market it
enjoys. Embodying advanced tech-
niques and components, the AVC-110
reflects the present period of rapid
technological progress. As improved,
more complex and/or less costly inte-
grated circuits, medium-scale integra-
tion, and large-scale integration
become available, they can be incor-
porated to offer further advantages in
reliability, size, and weight savings.
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The AVQ-30—
weather radar

J. H. Pratt

a new airline

Weather radar has become an indispensable part of the electronic equipment carried
by commercial aircraft. It has proved itself in increasing safety and comfort by reduc-
ing the incidence of turbulence, and it has resulted in cost savings by reducing
detours and holdings, and by reducing damage to aircraft from lightning, hail, and
turbulence. 1t is expected that the new generation of radars described in this paper
will further extend this usefulness, will operate with greater reliability, and will require

less operator skill.

HE AVQ-30 is the latest in the line

of airborne weather radars pro-
duced by the RCA Aviation Equip-
ment Department for commercial
airlines and general aviation. It is
available in two versions: the AVQ-
30X operating at X-band (9345 MHz),
and the AVQ-30C operating at C-band
(5400 MHz). Each radar consists of
four basic units: Receiver-Transmitter
(rT), Indicator, Antenna, and Control
Panel. The equipment is designed to
be installed with either single or dupli-
cate Receiver-Transmitters. In both
single and dual installations either one
or two Indicators may be used. The
equipment for one type of dual instal-
lation, with the exception of the con-
trol panel, is shown in Fig. 1. A special
Antenna is available for dual installa-
tions in which most of the electrome-
chanical parts are in duplicates. This
increases the degree of redundancy
considerably and improves the opera-
tional reliability. The Indicator may be
modified by the addition of a module
to display information in television
form from external sources as well as
the primary radar returns.

The principal specifications for the
two radars are listed in Table 1.

Background of weather radar

RCA has been active in the field of
airborne weather radar for over 16
years. It was in June 1953 that United
Air Lines, in conjunction with RCA,
began flight tests of an experimental
5.5 cm (C-band) weather radar. This
was the beginning of the wholesale
commitment of the air transport indus-
try to the use of weather radar as an
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aid to safety and comfort. It led to the
development of the AVQ-10 C-band
Weather Radar which has been the
most widely accepted radar for airline
use.

The decision of most airlines to buy
C-band radar in the 1950’s was based
upon studies which showed that,
among the available wavelengths, 5.5
cm gave the best compromise be-
tween maximum range and resolution
on the one hand, and ability to pene-
trate rain to show distant storms on
the other. However, since the original
airline requirements were issued, op-
erational requirements have changed.
We have gone from the relatively slow,
low-flying piston-engine aircraft to
the high-speed, high-lying turbojet. At
their high en-route altitudes, jets en-
counter less thunderstorms. Because of
their greater speed, they cannot take
the chance of encountering turbulence
which is involved in penetrating
stormy areas. This has tended to shift
emphasis from penetration to avoid-
ance, and has created the requirement
for greater maximum radar range. In
1962, the Airlines Aeronautical Engi-
neering Committee started work on a
new characteristic to describe a radar
suited to the jet age, and (hopefully)
_to the supersonic transport. This re-
sulted in ARINC Characteristic No.
564-1. This new characteristic tight-
ened requirements on antenna stabili-
zation accuracy, reduced the number
of major units from five to four by
eliminating the synchronizer unit, and
added provisions for dual installations.
It includes an objective performance
index which can be used to estimate
the range performance of a particular
radar under both “avoidance” and
“penetration” conditions. It was to fill
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these requirements for a new airborne ®
weather radar that the AVQ-30 was
designed.

Performance index formula

The performance index formula was
originally developed by a subcom- o
mittee of EUROCAE, the European
Airlines Electronic Engineering Com-
mittee and is an example of the inter-
national cooperation that exists in the
airline industry. The formula is based
upon the standard radar equation. It

is essentially a measure of the range at™#
which a spherical storm of three nau-
tical miles diameter, precipitating at
50 mm/hour, can be seen on the radar
indicator with a certain probability of
detection and a certain false-alarm
rate. The performance index, pr, in dB,
is,

L 4

PI=P+2G+2T+I-NE—-B,+K (1)

where
P=transmitter peak power in dB above
1 watt
G=antenna gain in dB -
T=10 log (pulse length in microsec- =
onds)
I=display integration factor given by

ant. horiz. beam width
ant. horiz. scan angle X PRF)

3 log (



NE=receiver noise figure in dB

B, =receiver bandwidth factor given by
B,=0 for B = 1.5/7; By=5 log (Br/1.5) for
B>1.5; where B=receiver 3-dB bandwidth
in MHz and 7= transmitter pulse length
in us

K =frequency function as tabulated be-

L 4 low:

Frequency Penetra- K factor SST
band tion avoidance cruise

C 0dB +3dB +1.5 dB

X -6 dB +6 dB +1.0dB

The relationship between performance
’index and maximum range, in nautical
‘miles, is given by,

R=log™ (p1—20)/40 (2)

The performance index will be recog-
nized as being related to the effective

ower returned to the receiver as given
by the standard radar equation.

The square-law effect of pulse length
may appear to be incorrect, but it
comes about because Eq. 1 accounts
for the fact that weather targets consist
of a large number of randomly-
"’distributed scatters. The effective tar-
get cross-sectional area is proportional
to the number of scatters illuminated,
and this is proportional to pulse
length. Optimum receiver bandwidth
is inversely proportional to pulse
@ length. This puts a second pulse length
factor in Eq. 1 because the bandwidth
factor B, takes into account only the
deviation from optimum pulse length.
In other words, the second T takes the
place of the bandwidth, B, in the de-
nominator of the usual radar equation.
¥ The factor K is intended to take into
account the difference in both the re-
flectivity and attenuation of rain at C
and X bands. Based upon frequency
alone, X band should be 4.8 dB better
than C band. A difference of 3 dB ap-

W pears under “avoidance” because some

allowance was made for attenuation
even under “avoidance” conditions. It
is obvious that the K factor can ac-
count for the differences in attenuation
at X and C band only in a special case.
For this reason, the performance index
‘cannot be used to compare the per-
formance of radars operating in dif-
ferent bands, but it does serve as a
convenient measure of the relative per-
formance of different radars operating
in the same band.

AVQ-30 system design

During the design of the AVQ-30
Weather Radar system, four important
factors were kept in mind:

1) The need to meet the requirements
of ARINC Characteristic 564-1 as re-
gards performance index, physical char-
acteristics, stabilization accuracy, and
compatibility with standard aircraft
wiring.

2) The need to meet FAA Technical
Standard Order requirements for per-
formance under specified environmen-
tal conditions.

3) The need to meet airline require-
ments for a high degree of operational
reliability as measured by the probabil-
ity of completing an operating day with
an operational radar.

4) The need to meet airline require-
ments for major unit reliability as de-

fined by mean time between confirmed
removals.

Table I—AVQ-30 performance specifications.

These factors are all interrelated to
some extent. Striving for the utmost in
performance may tend to reduce re-
liability if insufficient margins are al-
lowed for degradation. Operational
reliability is improved by using redun-
dancy, but the added parts result in
reduced mean-time-between failures.
The relative weight given to the var-
ious factors in the design must be
largely a matter of judgment based
upon experience.

Since most airlines had indicated a
need for a maximum range capability
of 300 nm, it was desirable to attain a
performance index of about 119 dB.

AVQ-30X AVQ-30C
Primary power 115V, 380 to 420 Hz, single phase
Single installation 600 VA 700 VA
Dual instaliation (with one RT operating 750 VA 850 VA
and the other warmed up and ready for
instant operation)
Transmitter characteristics
Frequency 9345 +30 MHz 5400 =30 MHz
Power output
Magnetron 65 KXW 75 kW
Receiver-transmitter 60 kW 65 kW
Pulse length 6 us 6 us
Pulse repetition frequency 200 pps 200 pps
Receiver characteristics
Noise figure (max) 8.1 dB 8.2 dB
Bandwidth 500 kHz 500 kHz

Sensitivity control
Automatic frequency control

Sensitivity time control

Automatic and manual
Maintains sensitivity within 1 dB for all trans-
mitter frequency changes
Gain increases as the second power of range
within *3 dB out to the point where a 3-nautical-
mile (nm) target fills the antenna beam. Adjust-
able for different antenna reflector sizes. Rain
attenuation compensation available.

Antenna characteristics
Beam shape
Pencil Beam

Mapping beam

Minor lobes
Scan angle
Scan rate
Stabilization system

Stabilization range:
Roll
Manual tilt (calibrated in 1° increments)
Pitch
Combined pitch and tilt:
Stabilization accuracy:

-~

2.9° 5.2°
Antenna pattern characteristics maintained at all
tilt angles and stabilization excursions.
Follows the law G=G, csc? 8 cos ¢ within 3 dB
for depression angles § between 2° and 20°
(AVQ-30X only), where G stands for Antenna
gain.

Approximately 24 dB below the main lobe
180° 180°
45° /second 45° /second
Split-axis mount (axis sequence: roll, azimuth,
pitch)

+40° +40°
*14° +14°
+20° +20°
+25° +25°

Within +0.5° of selected tilt angle for all com-
binations of roll, pitch, and tilt up to +20° at
roll and pitch rates up to 20° per second (does
not include gyro signal and geometric errors).

Display characteristics
Range display:

Display accutacy
Range:

Azimuth angle:

Display brightness

Contour display

Full-scale ranges of 30, 100, and 300 nm, with
25-nm range marks on the 30- and 100-nm ranges,
and 50-nm marks on the 300-nm range. Other
range scales available up to 360-nm. Left-right
offset permits full range display at extremes of
scan.

Within 5% of target range or 1 nm, whichever
is the greater.

Within +£2° with zero pitch and roll signals.
(Does not include radome aberration and An-
tenna mounting errors.)

Storage-tube indicator with adjustable filter for
brightness control.

Single contour level with adequate adjustment
range to cover all proposed contour criteria.
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Fig. 1—The dual system AVQ-30X {ARINC Characteristic 564) Weather Radar for commercial
transport aircraft.

Preliminary studies showed that it
would not be easy to do this under
“penetration” conditions at X band
and very difficult for both “penetra-
tion” and “avoidance” at C band.
However, the performance index for-
mula includes a 7-dB allowance for
installation losses (waveguide and
radome) and allows correction to be
made for losses that differ significantly
from this. It is known that losses are
considerably less than this at C-band
and this permitted a 4-dB increase in
the C-band figure.

When the performance index equation
(Eq. 1) is examined, it can be seen
that the factors under control of the
designer which most significantly af-
fect the total are transmitter pulse
width and noise figure. Transmitter
power is limited by the availability of
suitable magnetrons, equipment size
and weight, and voltage breakdown
problems. Antenna gain is limited by
available space; a 30-inch diameter is
the greatest that can be used in most
present and projected aircraft. The
bandwidth factor has a lower limit,
and the integration factor varies as
only the 0.3 power of the pulse repeti-
tion frequency.

Since it gave a satisfactory balance
between range and azimuth resolution,
the maximum rated magnetron pulse
length of 6 us was used for both the

AVQ-30X and the AVQ-30C. The
RCA 6521 magnetron of proven reli-
ability was chosen for the AVQ-30C,
and a modern coaxial magnetron of
about the same power capability was
used in the AVQ-30X.

In the later versions of the AVQ-10
Weather Radar, a tunnel-diode am-
plifier was added to improve receiver
noise figure. The availability of lower-
noise mixer diodes, improved mixer
designs, and low-noise transistors for
the IF amplifier made the value of a
tunnel-diode amplifier doubtful in the
new design, particularly at X band.
Studies showed- that, if the inter-
mediate frequency was lowered to
30 MHz and the best mixer diodes
used, the tunnel diode amplifier would
improve noise figure by only 0.2 dB at
B band and 0.74 dB at C band. It was,
therefore, not used. Noise figures fi-
nally attained are 8.1 dB maximum
~at X band and 8.2 dB maximum at C
band. These figures may seem rather
high, but come about mainly because
of duplexer loss. Duplexer design is
discussed in a later section.

Receiver bandwidth was set at 0.5
MHz which is 1.5 dB below the opti-
mum value according to the PI for-
mula (Eq. 1). Experience indicated
that, if a fast-acting automatic fre-
quency control system were used and
sufficient attention paid to tracking the
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Fig. 2—Operational reliability model.

arc and IF center frequencies, there
would be little or no performance deg-
radation due to receiver mistuning
under any environmental conditions.
When all the various factors are
placed in the PI formula, (Eq. 1) the
resulting performance index figures are
as follows:

Penetration Avoidance
AVQ-30X 119.0dB 131.0dB
AVQ-30C 117.4dB 120.4 dB

We have met the desired 119 dB figure
for both penetration and avoidance in
the case of the AVQ-30X and have
come quite close in the case of the
AVQ-30C. A performance index of
117.4 dB corresponds to a maximum
range of 275 nautical miles.

Antenna stabilization

The successful operation of an air-
borne weather radar depends to a great
extent upon accurate stabilization of
the antenna beam. In normal opera-
tion, the beam is adjusted so as to just
clear the ground. If the beam does not
travel in a horizontal plane, indepen-
dent of aircraft attitude, ground clut-
ter will wipe out weather targets
whenever the attitude of the aircraft
changes. The airlines had recognized
the need for better stabilization ac-
curacy and had written into Charac-
teristic 564-1 a requirement for *0.5°
maximum stabilization error for all
combinations of pitch, roll, and tilt
with a +20° allowance at pitch and
roll rates up to 20°/second.

Previous weather radars (including
the AVQ-10) have used “line-of-sight”
stabilization. In this arrangement, the
antenna beam is tilted as the antenna
turns on the scan axis so as to keep
the beam horizontal. While this sys-
tem is theoretically capable of perfect
stabilization, the complexity of the re-
lationship between roll, pitch, scan,
and tilt angles makes it necessary to
use approximations that limit practical
accuracies to more than *1°. The ideal
stabilization system is one that main-
tains the scan axis of the antenna ver-
tical; but to implement such a system,
rotary joints would be required in the
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transmission system on the four axes
of movement: roll, pitch, scan, and
tilt. As a compromise, it was decided
to combine the pitch and tilt axes but
provide a separate roll axis. This is the
so-called split-axis stabilization sys-
tem. An approximation in determining
the tilt angle as a function of scan
angle is still necessary; but since the
need to correct for roll has been re-
moved, it is possible to attain a stabili-
zation accuracy of +0.5°, Because the
roll axis carries the whole mass of the
antenna, it would require excessive
power to correct for roll at the maxi-
mum error rate. This difficulty is
avoided by providing for roll-error
correction under dynamic conditions
" in the tilt axis. In other words, a com-
plete line-of-sight stabilization system
is mounted on a roll-correction axis.
The combination gives fast-acting, ac-
curate antenna stabilization.

Operational reliability

“® The need for greater operational reli-

ability had led the airlines to provide
for dual radar installations in ARINC
Characteristic 564-1. However, no
commercial aircraft have sufficient
space allowance for two radar an-
tennas. Complete duplication of all
subunits is, therefore, not possible.
The so-called dual system is actually
a two-component switched redundant
system with an extra series component
as shown in Fig. 2.

In Fig. 2, A, is the failure rate of the
operating portion of the duplicated
equipment, A, is the failure rate of the
duplicated equipment in standby, X, is
the failure rate of the non-duplicated
equipment, and R, is the reliability of
the switching devices for one opera-
‘tion. The reliability of this system
(probability of survival for time ¢) is

R(t)= {exp [—t()\1+>\3)]}

JVL1+R,z)\\12[1—exp(—>\2t)]}

3
To obtain the operational reliability,
we would like to know the average
failure rate if the system is regularly
renewed at stated intervals. For the air-
lines, this interval is generally an oper-
ating day. The aircraft normally starts
every day with all components opera-
ting. The general equation for the aver-
age failure rate of a redundant system

regularly renewed at periods ¢, is given
by

tm
Aare=Q (t,) , /R ) dt 4)

0

where Q(f,) is the probability of fail-
ure in time f,, and R (t) is the proba-
bility of survival for time ¢.

When Eq. 3 is substituted in Eq. 4 and
normalized to the failure rate of a non-
redundant system consisting of block 1
and block 3, the following expression
results:

Ass

Asr
(1+R.7) (1—e‘T)—(RA-;r)(1-—e‘”’)
1—eT—R.r (e7—e™™)

- (5)

In this equation, r=A,/X, and M= (1+
r—K) /rwhere K=X/ (\+X,) ,and T=
tn (Mt+Xy). The quantity (A+X,) is
the failure rate of the non-redundant
system; T is the ratio of the renewal
period to the mean time between fail-
ure (MTBF) of the non-redundant sys-
tem. Eq. 5 gives the ratio of the
reliability of the redundant system to
that of the non-reundant system.

As one would expect, for renewal
times small compared to single system
MTBF, the reliability improvement
factor approaches the reciprocal of K,
because under this condition the sys-
tem failure rate is determined almost
entirely by that of the non-duplicated
parts,

In Fig. 3, Ass/ Aer is plotted as a func-
tion of K for various values of T. It is
assumed that r, the ratio of the failure
rate of the duplicated portion of the
duplicated portion of the operating
equipment to that of standby equip-
ment is 4, and R, is assumed to be
unity. These curves illustrate very
well 1) the large improvement possible
in operational reliability when a dual
system is used, and 2) the importance
of reducing-to a minimum the equip-
ment common to both systems. This led
to the decision to duplicate as many as
possible of the electrical parts in the
antenna to attain a low value of K. It
is estimated that, with no duplicated
parts, the failure rate of the Antenna
may be 20% of the single system fail-
ure rate, and that, with the degree of
parts duplication used, the failure rate
of the non-duplicated parts is about
4% of the single-system failure rate.
Then, for a single-system MTBF of 1000

hours, and a renewal period of 10
hours (an operating day), the opera-
tional reliability improves by a factor
of 22/5=4.4 because of the additional
Antenna redundancy. Compared to a
non-redundant system, the improve-
ment factor is 22.

The improvement in operational reli-
ability attained by redundancy is, of
course, attained at the expense of a
greater equipment failure rate, and a
greater number of required spare units.
But the airlines appear to be willing to
pay this price to reduce the chances of
having to delay aircraft departures for
equipment replacement during an oper-
ating day.

Unit reliability

While redundancy helps to give rela-
tively good operational reliability even
with not-so-good unit reliability, unit
reliability cannot be neglected. Most
airlines today insist that contracts for
new equipment include a clause spe-
cifying the minimum MTBF of each
line-replaceable unit. The penalty for
failure to meet unit MTBF requirements
is that extra spare units must be pro-
vided to allow the airline to maintain
the operational reliability it could nor-
mally expect.

There are three important factors in-
volved in attaining high unit reliability
in airline operation.

1) The obvious need to use reliable
components, properly derated, and re-
liable circuits with plenty of margin for
degradation;

2) Because each unscheduled removal
is treated as a failure, the need to pro-
vide means for checking the perfor-
mance, and the need to indicate which
unit is at fault when a failure occurs;

3) The need to establish overhaul and
parts-replacement schedules which will
insure that the units do not reach the
wear-out stage. This requirement is
complicated by the fact that the airlines
will perform preventive maintenance
only on an opportunistic basis. An op-
erating unit will not be removed from
an aircraft on a time schedule. How-
ever, when a unit is removed because
of failure or suspected failure, any
maintenance scheduled to be done at,
or before, the number of operating
hours actually reached will be per-
formed.

Experience with the AVQ-10 and other
earlier weather radars showed that the
two components which contributed
most to receiver-transmitter failures
were the gas transmit-receive (TR) tube
used in the duplexer, and the hydrogen
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thyratron switch tube used in the
modulator. Both these components
have been eliminated in the AVQ-30.
The TR tube has been replaced by a
solid-state switching duplexer, and a
completely solid-state modulator elim-
inates the hydrogen thyratron. These
new components are described in more
detail below. Other components re-
placed by solid-state devices with
greater reliability are the klystron re-
ceiver local oscillator, replaced by a
transistor oscillator-frequency multi-
plier, and power relays replaced by
silicon-controlled rectifier switches. A
new display-storage tube developed by
the Electron Tube Division has already
been used in other weather radars with
improved reliability.

To meet the second requirement listed
above, an extensive monitoring, self-
test, and failure-indicator system has
been designed into the AVQ-30. This
system, which is described in more de-
tail below, is expected to indicate the
proper unit to remove in case of failure
at least 90% of the time.

The third requirement, that overhaul
and parts replacement schedules insure
that wearout does not occur, is difficult
to attain when maintenance is per-
formed opportunistically. Inspection,
overhaul, and parts-replacement sche-
dules have been established that should
prevent wearout. However, calcula-
tions indicate that in the Antenna,
which contains most of the compo-
nents subject to wear, the wear-out
period will be reached if the guaran-
teed MTBF is attained. It seems prob-
able that the policy of opportunistic
maintenance will have to be modified
in the case of the antenna unless the
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Fig. 3—Single-system versus dual-system reliability.

lower-than-maximum MTBE deter-
mined by the wear-out failure func-
tion proves to be acceptably high.

Self-test and fault isolation

As mentioned above, considerable at-
tention has been given to self-testing in
the AVQ-30 design. Self-test provisions
are of three general types:

1) On-line monitoring for automatic
fault indication and isolation,

2) Pilot-actuated to aid in making op-
erating adjustments and for further
fault isolation, and

3) Service-technician-operated for fault-
isolation and performance checking
both in the field and during bench test-
ing.
The idea is to reduce the number of
times the wrong unit is removed when
a fault occurs, and to give the pilot a
means of checking general operation

POWER

before he takes off or at any time dur-
ing flight.

In the Receiver-Transmitter, the fol-
lowing signals and operating param-
eters are monitored:

1) Control signals from rT to Indicator
and Antenna (on-off and high-voltage
control) ;

2) Transmitter power output;

3) Receiver automatic sensitivity con-
trol voltage;

4) Sensitivity-time control (stc) signal; -
5) Automatic frequency control (AFC)
lock-on;

6) Receiver local oscillator power level
(mixer crystal currents);

7) Waveguide voltage standing wave
ratio (VSWR);

8) Antenna azimuth and stabilization
drive changeover-clutch currents; and

9) Servo error signals (average levels
in roll and pitch channels).

In the Indicator, only two quantities
are monitored; the sweep voltage to the
Antenna, and the resolved sweep volt-
ages from the Antenna.

Two types of failure indicators can be
provided; two lights on the control
panel, and two latching-type annuncia-
tors on the front panel of the rT. Some
airlines want both, others want only
the annunciators, One light and one an-
nunciator are marked RT; the other
light and annunciator are marked ANT.
If any of the monitored parameters (1
through 6 listed above) go outside lim-
its, the rT indicators are energized. If
parameters 7 or 8 are out of limits, the
ANT indicators are energized. If signal
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Fig. 4—Block diagram of microwave system.

FROM DRIVER UNIT




9 is out of limits, both the RT and ANT
indicators are energized.

Most faults that occur in the Indicator

result in a faulty display and can be

recognized by sight. There is, there-
#® fore, no Indicator fault-indicator. Ab-
sence of Indicator sweep could be due
to either absence of drive from the In-
dicator or a faulty sweep resolver in
the Antenna. This ambiguity is resolved
by energizing the ANT indicators if
there is sweep drive to the Antenna but
none from the Antenna. If there is no
sweep and the ANT indicators are not
energized, the fault is assumed to be
in the Indicator.

Stabilization system faults are difficult
to isolate to the RT or the Antenna with-
out applying test signals. For this rea-
son, both the rRT and ANT indicators are
energized when a stabilization fault
occurs. Servo test pushbuttons on the
front panel of the RT make it possible
to inject test signals into the servo sys-
tem and to determine whether the fault
is in the RT or the Antenna by means of
two indicator lights. This test will nor-
mally be performed by a service tech-
nician when he discovers that both the
RT and ANT annunciators are tripped.
To aid the pilot in setting the Indicator
controls and give him an indication
that the radar is operating prior to
take off, a TEST position is provided on
the Control Panel function switch. In
this position, the RT is connected to a
dummy load and two simulated signals
are injected into the receiver. One is a
noise signal which is applied to the
receiver input. It is pulsed on for the
first 60 miles of sweep. Due to sensi-
tivity-time control (sTC) action, it
shows up on the Indicator as a noise
band increasing in amplitude from
~ zero miles. The other signal is a triang-
ular video pulse which starts 10 miles
after the noise signal and lasts for 30
miles. Its amplitude exceeds the nor-
mal contour setting and results in two
bright bands separated by a dark band.
It checks both range-mark accuracy
and contour-level setting.

Switching duplexer

The duplexer used in the AVQ-30 de-
serves special attention because, as
mentioned above, it is an entirely new
type. Fig. 4 is a block diagram of the
microwave system. The primary separ-
ation between the transmit and receive
channels is accomplished by a high-
power ferrite circulator. This provides
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from 20 to 30 dB isolation under nor-
mal conditions. Another 60 dB of at-
tenuation is required to reduce the
power due to reflections in the trans-
mission system and leakage through
the circulator to a value which will
insure long life to the mixer diodes.
This attenuation is provided by a series
of three latching-type switchable fer-
rite circulators. A single cutrent pulse
is required to reverse the direction of
circulation of the three circulators.
Once switched, they remain in that
direction until a current pulse of op-
posite polarity is applied. These circu-
lators were developed by the RCA
Microwave Research Laboratory at
Princeton under the direction of Dr. F.
Sterzer and are produced by Electronic
Components at Harrison.

Switchable ferrite circulators of the
type used are limited in both their peak
and average power-handling capabil-
ity. If an arc occurred in the wave-
guide or if the antenna were damaged,
almost all the transmitter power could
be reflected into the receiver channel.

To protect the circulators and the re-
ceiver diodes under such a condition, a
ferrite limiter is installed between the
high-power circulator and the switch-
able duplexer and the power in the
receiver arf during transmission is
monitored. At power levels above 10
kW, the limiter provides up to 10 dB
of additional attenuation. At the same
time, the power monitor causes the
transmitter duty cycle to be reduced to
limit the average power to a safe value.

Another problem with the switchable
circulator duplexer is that it has a
relatively narrow band over which full
attenuation is maintained. To prevent
out-of-band power from reaching the

circulators, a band-pass filter is also
placed in the line between the high-
power circulator and the switchable
duplexer. Out-of-band power might
result from “moding” of the magne-
tron or from external power entering
the Antenna.

Still another possibility that must be
guarded against is that of excessive in-
band power resulting from the anten-
nas of two nearby radars pointing to-
ward one another. This power cannot
be prevented from reaching the re-
ceiver, but, under the usual conditions
the power will build up gradually as
the scanning antennas begin to point
toward one another. A second detector
monitors the received power in the re-
ceive mode. When this power reaches
a level that represents a danger to the
receiver, the duplexer is switched to
the transmit mode and held there until
the power level is reduced below a safe
lower threshold for 10 milliseconds.

Other protective circuits are provided
to insure that the system is always in
the transmit mode when the transmit-
ter modulator is triggered and to pre-
vent the system from switching to the
receive mode if the magnetron arcs.

Special design features

There are several special features to
the AVQ-30 design, some of which
are not specifically called out as re-
quirements in ARINC Characteristic
564-1. These include a ground-mapping
mode, automatic sensitivity control,
isocontour display, rain attenuation
compensation, and television display.

Ground-mapping mode

The ground-mapping feature, which is
provided in the AVQ-30X only, re-
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quires an antenna which can be switch-
ed from a pencil beam to one which
varies as csc’ a cos a where « is the
depression angle. This type of pattern
produces equal-amplitude return from
targets of equal reflectivity on the
ground and thus gives improved
ground-mapping performance. The
change in beam shape is accomplished
by means of a “spoiler” on the antenna
dish, responsive only to horizontally-
polarized waves. The radiation is
changed from vertical to horizontal by
means of a mechanically-rotated sec
tion in the antenna feed.

Automatic sensitivity control

Automatic sensitivity control helps to
simplify operation for the pilot by
making it unnecessary for him to set
receiver gain. Receiver noise is sam-
pled in the time between the end of a
300-mile sweep and the next transmit-
ter pulse. Gain is automatically ad-
justed to hold the noise level constant
at a value which produces a satisfac-
tory false-alarm rate.

Isocontour

Isocontour operation has been pro-
vided in practically all weather radars
and is not much different in the AVQ-
30. In the isocontour mode, all signals
above a certain level are inverted. This
produces a display having dark areas
representing the locations of the heavi-
est rainfall in the normally-bright pp1
display. In accordance with ARINC
requirements, the contour level is set
at that which corresponds to a beam-
filling storm precipitating at about 11
mm/hour. Contouring can only be
used as an indicator of actual rainfall
rate within the sensitivity-time-control
(sTc) range of the radar, because only
in that range is signal strength propor-
tional to target reflectivity and inde-
pendent of range. Both contour level
and sTcC range are adjustable so that
different airlines can set them to what
they consider to be optimum condi-
tions for their operations.

Rain-attenuation compensation

The accuracy of contouring is im-
proved somewhat by the addition of
what is called rain-attenuation com-
pensation (RAc) in the AVQ-30X. This
feature was originally suggested by H.
P. Reichow of Deutsche Lufthansa. It
operates on the principal that, since
the relationships between rainfall rate
and radar reflectivity, and rainfall rate

and attenuation, are both known, it
should be possible to compensate for
the effects of attenuation by increasing
system gain as a function of the inte-
grated signal return. The compensation
can only be accomplished within the
sTC range where extra system gain is
available, and it is necessary to assume
that all targets are beam-filling in this
range. If the commonly-accepled equa-
tions for reflectivity factor and rain
attenuation at X-band are substituted
in the equation for power returned
from a radar target. and the gain is
assumed to vary with range in such a
way as to make the receiver output in
the presence of rain attenuation equal
to that when no rain attenuation is
present, the following equation is
obtained:

R
. R,
GFK/R”’“ P> dR — 20 log 7
‘0
(©)

Here G, is the receiver gain in dB rela-
tive to the maximum that is reached at
the end of the stc period; R is the
range in nautical miles, P, is the power
input to the receiver in milliwatts; R,
is the range at which the sTc ends in
nautical miles; and K is a constant of
the radar set given by K=2.071x10"
(L/PO*~G.*)*™, where P is the peak
transmitter power in kKW, ¢ is the beam
width in degrees; 7 is the pulse length
in microseconds; G, is the antenna
gain; and L is the system loss (L>1).

In practice, it is not possible to begin
the integration at zero distance; it is
necessary to wait until after any pos-
sible ground return from the antenna
sidelobes—a distance corresponding to
at least 5 nautical miles. For checking
the RAC circuit, is it convenient to use a
constant signal level P, gated on at
some range R,. When this is done, it
can be shown that the receiver output

_voltage E at range R relative to the

output E, at range R, is given by

51 =% logq"é%Pino.ms (R*% — Rlz_m) :l
It is assumed that the receiver detector
is linear. This equation is plotted in
Fig. 5 using the value of K calculated
for the AVQ-30X, for various values
of P,, starting at 5 nautical miles. The
actual gain-vs.-range curves approxi-
mate the theoretical. In setting up the
circuit, most attention is paid to the

*
point at which the gain reaches maxi-
mum.

It is difficult to test the RAC circuit
under operating conditions; but dur-
ing one widespread storm of relatively
constant rainfall rate in Los Angeles, ‘@
the receiver gain control voltage wave
shape was checked against the theoret-
ical curve calculated for the reported
rajnfall rate, and was found to agree
quite well.

Display variations -
Several airlines are interested in using
the radar indicator to display informa-
tion other than storm and terrain re-
turns. The displays are derived from
closed-circuit Tv systems or from
LoraN equipment. Choice of display -
information is particularly attractive

in dual-indicator installations. The Tv
display allows the flight crew to view
parts of the aircraft not normally visi-
ble from the cockpit: for example, the
landing gear and the relationship of Py
the wheels to the runaway during
landing. Used in conjunction with the
aircraft LoraN set, the psT indicator
becomes the A-scope presentation of
the LORAN output.

The AVQ-30 Indicator can be pro-
vided with a Tv display capability.
After a modification of the character-
istics of the display storage tube nor-
mally used in airline weather radar
indicators, it was found that the erase
speed could be made fast enough to
give acceptable Tv pictures, but at the . 4
same time retain the proper erase-rate
capabilities for radar returns. The Tv
raster can be adjusted to either of two
standards:

1) CCIR 625-line/50-field-per-second, or

2) EIA 525-line/60-field-per-second. .
The 1v module, which can be added
to any AVQ-30 Indicator, accepts syn-
chronizing and video signals from an
external Tv system and enables the in-
dicator to be switched from radar to
TV or LORAN operation as commanded
by a switch on the Indicator front
panel. LORAN sets are now being built
that are compatible with the AVQ-30
Indicator. An additional circuit is re-
quired in the psTv Indicator to operate
with the LORAN set. For LoRAN mode
operation, part of the Tv blanking cir-
cuit is used along with a dynamic-
erase unijunction transistor which is a
part of the psTv/LORAN adapter cir-
cuit.
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Human factors for an

instant airport

P. H. Berger

A mobile air traffic control tower that can be assembled by four men, be completely
operational in 90 minutes, and provide full 360° visibility for three air traffic con-
trollers imposes some unusual human factors constraints. This paper describes the
deployment techniques, console arrangement, equipment design, workspace alloca-
tion, environmental control, and maintainability of the AN/TSW-7 tower with major

emphasis on the human factors involved.

N CONJUNCTION WITH THE U.S. AIR
I FORCE, Aerospace Systems Division
has developed the AN/TSW-7 mobile
air traffic control tower. When opera-
tional, the control tower may be used
autonmously or in conjunction with
fixed or tactical air traffic control
facilities and other communications
systems. During operation, tower per-
sonnel control all incoming and de-

" parting aircraft, ground vehicles, and

personnel within the airfield.

The tower, with its ancillary equip-
ment pallet, can be delivered by heli-
copter, fixed wing aircraft, or vehicle.
After delivery, it can be deployed at a
specific site and be totally responsive,
under all climatic conditions, in ap-
proximately one hour. Fig. 1 shows the
AN/TSW-7 as it is deployed.

Normal deployment requires three op-
erators, or controllers. They are desig-
nated as local, data, and ground. These
three operators perform all of the
various interrelated tasks required to
land and launch aircraft and control
ground vehicles and personnel. For
this reason, human factors engineering

. recommendations became a primary
input to the system design during the

development phase of the AN/TSW-7.

The AN/TSW-7 configuration is based
on the AN/TSW-6 control tower
which was part of the AN/TSQ-47 Air
Traffic Control/Communications Sys-
tem designed for the Air Force in the
early 1960’s. The present mechanical,
electrical, and human factors design
requirements are based on the accept-
ance test results of the AN/TSQ-47 as
reported by RCA and the Air Force.

_ The author was charged with the task

of designing to conform to these re-
quirements rather than establishing a
design criteria and then configuring.
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Most of the problems discussed are not
uncommon to other field-deployed, en-
closed shelters. Some of the problems
are unique, because, in this case, they
are associated with a shelter which has
more than half of its wall area covered
by glass. To fully understand the areas
of human factors consideration and
the solutions implemented, a review of
the performance requirements, as they
apply to the operating personnel, are
presented prior to discussing the in-
dividual problems:

Rapid deployment: A capability for
rapid field deployment is vital to any
tactical system, especially one that
would be the first piece of equipment
“into a hot” area. Specifications require
that the AN/TSW.-7 have a limited
operational capability within forty-five
minutes and be fully operational within
ninety minutes after arrival on site.
Another requirement is that the system
be assembled for operation by a trained
team of four men.

Control console design: The control
console design had to accommodate
three controllers yet permit them maxi-
mum comfort and easy access to the
control panels and associated equip-
ments, while in either a standing or sit-
ting position. A further consideration
was the visibility of controls and indi-
cators during night operation.

Control panels and equipment: The
configuration of the console, equip-
ment, and control panels had to facili-
tate performance of air traffic control
tasks, as defined by Air Force proce-
dures, and also those tasks employed
by active controllers as determined by
detailed conversations with these per-
sonnel. Basically, the configuration had
to allow for one to three controllers to
perform the duties required to launch
and land aircraft and to control ground
vehicles and personnel.

Operator workspace: Console place-
ment and equipment installation had to
be arranged to allow sufficient aisle
space to permit one operator to pass
behind another during operation. In
addition, sufficient space had to be pro-
vided to allow operators to manipulate

Fig. 1—Operational
AN/TSW-7.
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their chairs while controlling and mon-
itoring the surrounding equipments.
Maintainability requirements dictated
a need for workspace to allow rapid
removal of any chassis from either a
rack or floor mounting.

Illumination: Internal shelter and con-
sole panel illumination had to adhere
to human factors and Air Force stan-
dards to assure that the operator’s night
vision, outside the tower, would not be
degraded.

Visibility: The visual acquisition of air-
craft, and control of ground vehicles
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and personnel demanded an unob-
structed 360° field-of-view from either
a seated or standing position. There-
fore, minimizing or eliminating over-
head obstructions had a high priority
when equipment positions were desig-
nated.

Noise level: Audible background noise
had to be attenuated to a level that
would permit any combination of ra-
dio, telephone, or face-to-face commu-
nications to proceed efficiently. The
established level could not exceed the
noise criteria (Nc¢) level of 45dB in the
speech interference level (siL) range.
Shelter atmosphere: The environmental
control unit chosen had to provide 1)
sufficient air flow to cool equipments in
any ambient temperature; 2) heat, dur-
ing winter operations, to defrost the
windows and prevent ice build-up; and
3) sufficient cool air, during summer
months, to allow a shirtsleeve environ-
ment for the operators while keeping
the windows clear regardless of the
outside ambient temperature.
Maintainability: Maintainability re-
quirements specified that repairs would
be accomplished in a repair hut. There-
fore, from the maintainability aspect,
each item of equipment had to be de-
signed for easy access for ready check-
ing and easy removal and replacement.
Chassis weights had to be held to a
level so that one or two men could lift
and carry them.

Human factors considerations

Rapid deployment

The rapid deployment capability is
achieved by using a trained team and
easy-to-assemble components. Specifi-
cally, four men can assemble the
various components in 45 minutes,
allowing limited capability, or in 90
minutes, allowing full operational ca-
pability. Because of the stringent time
requirements, rigorous attention was
given to the system installation proce-
dures. The installation procedure is
essentially predicated on the concept
of two, two-man teams working
simultaneously. Occasionally the team

Fig. 2—Controi consoles (left to right): local controller section; data controlier section; ground controller section.

members would alternate tasks such
as, anchor-driving in order to reduce
fatigue and strain (e.g., see Table I).

One of the main concerns was the
weight, size, and position of compo-
nents on the equipment pallet. The
requirement for a multi-vehicle trans-
port capability dictated, in one sense,
the size and weight of the items. In
another sense, the lifting and transport
capabilities of the deployment team
were to be seriously considered in
view of the stringent setup time. It is
commonly known that an inverse rela-
tionship exists between the amount of
weight to be lifted and the height from
which it is picked up.’ The heavier the
weight, the closer to the ground the
person must be to lift it. Hence, the
components of each antenna system
and shelter equipment were evaluated
with regard to their position on the
pallet, their weight, and the number
of men required to remove them from
the pallet.

Control console design

The AN/TSW.7 control console is di-
vided into three main sections (Fig.
2). Inside the shelter, the control con-
sole sits atop racks which contain the
numerous electronic equipments. MIL-
STD-1472 dictates that in this configu-
ration the rack height could not be less
than 25 inches. In addition, the re-
quired width of the leg room beneath
the console could not be less than 15
inches. The only requirement concern-
ing the leg depth is that it be opti-
mized. These physical parameters
would insure that a controller with
. physical characteristics in the fifth to
ninety-fifth percentile could sit at the
console and be assured optimum aces-
sibility to the controls and indicators.’
The console surface was inclined at an
angle of 45° to allow the controllers to

sight over the top of the console when
seated, and yet be able to view each
display and indicator with no distor- '
tion or parallax while standing.

The console normally accommodates W ‘
three traffic controllers: local, data,
and ground. Table II lists the equip-
ments available at each operator’s
position. Note that five of the indica-
tor/control units are duplicated at the
local and ground positions. This confh
figuration permits either of these two
controllers to assist the other during
peak traffic periods, and should the
wind direction change, aircraft could
be landed from the ground position.

Should radio contact become impossi-4y
ble or an emergency arise, the local
and ground controllers have access to

a lightgun that can be used to signal
aircraft or ground vehicles to stop,
proceed, exercise caution, etc.

Control panels and equipment ]
The console positions listed in Table I1
indicate the positions of the controls
and indicators on the console sections;
the encircled notations indicate that
the display or control is accessible
during normal operation. These pan-
els, whether purchased or RCA-built,
were subjected to a meticulous hu-
man factors engineering evaluation.
Particular attention was paid to the
types and positions of controls and
indicators for each task, as well as
nomenclature, titling, and indicato
color-coding. These control panels are
of particular interest because of unique
design considerations required to
make them usable by air traffic con-
trollers. They are the RDF (radio di-
rection finder) display/receiver controlygy
panel (Fig. 3); the telephone control
unit panel (Fig. 4); and the communi-
cations selector panel (Fig. 5).

The RDF display/receiver control
panel is located in the upper right-
hand corner of the local controller’s
console section. Positioning of the in-
dicators and controls on this panel was
determined by studying the tasks per-
formed by the local controller. The

Fig. 3—RDF
Display/Receiver
Control Panel. . |
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Man 1 Man 2

Man 3 Man 4

Remove communications antenna modules

Remove transit bags, tool kit, wind set and
secure antenna baseplate

Assemble antenna modules, attach guys, gin
pole, etc.

Orient anchor A with tie-back cable and drive.
Orient and drive anchor B.

Orient and drive anchors C & D.

Connect power
& signal cables

Remove wind set parts
from shelter, set up

Erect communications antenna

chairs, light guns,
erect wind set &
remove screens

Drive ground stakes and secure guys

Table I—Preparation sequence for limited operation.

studies showed his performance would
be enhanced by positioning the dis-
plays on the left and the receiver
controls on the right side of the panel.

Table 1l—Equipments available and accessi-
ble from each console position.

Console positions

Equipment local data ground
Bail-out alarm X X
NavAids monitor X
Flight strip holders X
Barometers X X

UHF remote control head

VHF remote control head

DF display/control

Telephones

Wind speed/direction

Communications selector
panel

Gooseneck lamps

Signal lightguns

X —positioned on console section
X —accessible during normal operation
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The display portion of the panel con-
tains three numerical indicator nixie
tubes and two dual indicators. The
nixie tubes display a numerical azi-
muth (heading or bearing) which is
derived from digital information. The
left-hand dual indicator informs the
operator that a signal has been re-
ceived and whether the sender is im-
mediately overhead or at a distance
from the antenna. The right-hand dual
indicator is also a control. It illumi-
nates when either a heading or a bear-
ing is being displayed on the nixie
tubes. When this indicator is pressed,
the reciprocal of the heading or bear-
ing being displayed is instantaneously
shown on the nixie tubes. This type of
display constitutes the most advanced
state-of-the-art in processing and dis-
playing direction-finding data and re-
places the older method of determining
the position of an aircraft by viewing
a dot on a CRT.

Indicator color coding is consistent
with indicators on other parts of the
console. That is, indicators which de-
note normal operation are green and
those designating other than normal
operation are amber. On this panel, all
indicators are green except the display
labelled ovERHEAD and the receiver/
control indicator labelled saueLcH
DISABLE, which are amber.

There are two telephone control unit
panels on the console. One is located in

the lower right-hand part of the local
controller’s section; the other is in the
lower left-hand corner of the ground
controller’s section. This configuration
allows any one of the three controllers
to have access to a telephone control
unit and permits two simultaneous
conversations to take place. There are
ten indicators on the panel and each
one has its own switch. Seven of these
are tied to landlines and are the not-
mal communications channels used
with a handset. The remaining three
are designated as hot-lines. Hot-line
conversations are received on the over-
head speakers while the transmissions
may be via the telephone headset; the
dynamic, or hand-held microphone; or
the boom microphone on the headset.
Color-coding of these indicators is the
same as the rRDF control panel. Conse-
quently, the telephone landlines, or
normal channels of conversation, are
green. The hotlines, or emergency
communication channels, are amber.

The communications selector panels
are located at the bottom, center of
each console section. The panel con-
figuration emphasizes the tactile and
visual accessibility to controls and in-
dicators. The indicators serve a dual
purpose in that, the top sections
(which are multi-colored) denote the
radio frequency being keyed by a pilot
while the bottom section - (which is
singularly colored) tells the controller
that that frequency is being used by
another controller.

Operator workspace

Operators in the AN/TSW-7 respond
to auditory and visual cues and their
response -miiay necessitate reaching for
a pair of binoculars, a signal lightgun
or even the frequency tuning head of
a transceiver. Consequently, perfor-
mance of these tasks may require a
controller to go around another seated
controller or stand next to or behind
his own chair. Furthermore, humerous
interviews with military and civilian
controllers indicated that they prefer
standing while performing their du-
ties, especially during peak traffic

Fig. 4—Telephone control unit panel.

periods. Therefore, aisle space and
chair space were allocated with the
standing operator in mind, in addition
to the following two guidelines: .1) all
rear-wall equipments were positioned
below the air plenum to minimize their
protrusion into the aisle, 2) the con-
sole writing surface was made only
eight inches wide instead of the recom-
mended 16 inches.

{lumination

There are three sources of illumination
in the control console: the console
lights, which are an integral part of
the console; the gooseneck lamps,
which are attached to the top of the
console; and the panel indicator lights.
Each light source has a separate inten-
sity control which permits each con-
troller to adjust the light level at his
console section to a comfortable level.

The shelter contains two other sources
of illumination but are not vital during
night operation. They are the theater-
type lights mounted at floor level, and
the overhead lights which are used for
maintenance purposes. Distracting in-
ternal reflections and external glare
was accomplished by using blue-green
tinted glass and by tilting the glass 18°
off vertical, inclined outward.

Early in the design phase, the question
arose as to whether low intensity
white light or red light should be used
in the console. A separate task analysis
was performed to determine which
light had the least effect on the con-
trollers’ night vision. The areas exam-
ined were the type, color, and probable
intensity of light that might be experi-
enced by a controller. The analysis
showed that the controllers could ex-
perience medium to high intensity
white light from aircraft landing lights,
runway lights, maintenance lights,
flares, and rockets.

As a result of the analysis, which in-
cluded an evaluation of red light vs
white light in reports by W.F. Grether®
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Fig. 5—Communications selector panel.

and Reynolds and Planet® relative to
nighttime vision, the decision was
made to use low-intensity white light
for console and instrument lighting.
Visibility

Unlike other field shelters, control
towers must provide maximum visibil-
ity for 360°. This is especially true for
the local and ground controllers in the
AN/TSW-7. Therefore, little or no
equipment could be mounted on the
ceiling, nor could, equipment to be
mounted on the top of the console or
on the window ledges surrounding the
console. Consequently, the signal light
guns were suspended between the lo-
cal and data controller console sec-
tions, and between the data and
ground controller sections. Although
this does cause a small amount of
visual obstruction, it is readily allevi-
ated by a slight movement of the head.

The ceiling-mounted speakers do not
obstruct either the controllers forward
or upward visibility when either stand-
ing or sitting. However, the normal
configuration of a civilian tower,
which is sixty to seventy feet high and
has only 3 to 5 speakers, was not
acceptable. Mounting the speakers
atop the console in a civilian tower
does not obstruct either the forward or
upward visibility. The AN/TSW-7
shelter with its sixteen speakers and
only a four-foot elevation would have
a serious visibility problem if the
speakers were mounted on the top of
the console. The solution of mounting
the speakers on the ceiling resulted
from a detailed anthropometric anal-
ysis of the size and proportions of the
human body which showed that con-
trol accessibility was not compromised.

Noise level

Communication and command/control
installations whether fixed or mobile,
require that audible background noise
be reduced to a level that will permit
voice communications. Studies show
that if these levels exceed 60dB in the
speech interference level (SIL) range
(600-4000 Hz), face-to-face communi-
cations is seriously compromised.®

COMMUNICATION SELECTOR PANEL

UHE
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RCA has found, through AN/TSQ-47
experience, that equipment cooling
fans are usually the major contributors
to a high background noise level.
Other significant contributors are
power generators, nearby vehicles, and
aircraft.” Experience with the AN/
TSW-7 during design, development,
and Category-I test has shown that the
glass windows are effective noise re-
flectors. Therefore, noise dampening
efforts must be within the equipment
rather than in the surrounding struc-
ture and ceiling.

To reduce the background noise to a
level of approximately 45dB, the fol-
lowing steps were taken:

a) Equipment cooling fans, except the
VHF transceivers, were eliminated
because solid-state components were
used throughout.

b) The controllers were supplied with
noise-cancelling microphones.

¢) Acoustical tile was used on the
ceiling.

d) The air conditioner plenums, en-
compassing the controllers, were
lined with polyurethane foam.

e) The environmental control unit was
remotely mounted on the equip-
ment pallet.

Shelter atmosphere

The AN/TSW-7 requires air condition-
ing for equipment and personnel cool-
ing and to defrost and de-ice the
windows. The required shirtsleeve
environment within the shelter is de-
fined as a relative humidity of approxi-
mately 50% in a temperature range of
68°F to 72°F with an air circulation
of 15 to 25 cubic feet/minute. The
shelter atmosphere is directly corre-
lated to operator workspace. That is,
if either or both are below standard,
then operator performance is degraded.

Control of the air conditioner, or
environmental control unit (ecu), and
the ducting vents is achieved by the
operators. The Ecu control box is lo-
cated in the knee hole of the ground
controller’s console. The Ecu mode of
operation can readily be changed from
cooling to heating or vice-versa. The
air flow on the personnel and windows

is adjusted by positioning the duct
vents in the desired direction.

Maintenance

Removal and repair of equipment in-
side the AN/TSW-7 shelter is not a
requirement. The only maintenance
tasks to be performed within the shel-
ter are of a preventive nature. There-
fore, the human factors effort in this
area were the anthropometric consid-
erations as applied to sufficient work
space and access to components. Also
of particular concern was the proper
coding and/or labelling of cable con-
nections, use of interlocks and/or cau-
tion labels for personnel safety and
the use of failure indicators to facili-
tate rapid and accurate checkout.

In the task analysis for system deploy-
ment showed that component weight
was an important design consideration.
In the same respect, chassis weight
(radios, filters, etc.) had to be carefully
scrutinized to ensure that no item
exceeded the limits for one and two-
man transport. Specifically, the proper
number and position of lifting handles
were designated so that removal, trans-
port and replacement of chassis or
“down-time” was minimized.

Summary

At present, this system is to be used
for tactical remote landing strip opera-
tions. However, the AN/TSW-7 may
find applications in commercial avia-
tion in the foreseeable future. With its
portability and rapid assembly fea-
tures, it could be rushed to a major
airport as a replacement for a perma-
nent tower that is temporarily inopera-
tive. Also, because of its compactness
and ease of convertibility for opera-
tion, it could become the most efficient
and economical permanent tower for
a new airport.
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Case history of an ideal

reliability program

R. E. Dehm | O. E. Colgan

Field failure reporting and analysis can be more than simply a contract task. Properly
established and controlled, it can pay future dividends to the performing division in
terms of competitiveness and confidence. This article shows an ideal, but actual, case

—how it was handled—and what resulted.

IT HIAS BEEN SAID THAT we learn
more from our failures than from
our successes. This statement is pat-
ticularly true in reliability. Manufac-
turing is concetned with building
hardware that will pass inspection and
test and gain customer acceptance.
Design Engineering wants the clean
program whete nothing goes wrong.
Even a repair function puts primary
emphasis on the good hardware that
it has produced for reinsertion into
the system. The reliability engineer
recognizes that everything has its fail-
ure potential, and that this can be
guessed at, written about, predicted,
measured and modified, as well as
specified. In performing his function,
he must think failure—so that others
can think success.

Usable reliability data on equipment
can be obtained in two ways. The first
way is the special reliability testing
program. Equipment conditions and
environment can be regulated, and
failure occurrences can be carefully
observed and well documented. The
limitation is the number of equip-
ments and the number of hours that
one can expect to use for such artificial
application. The opposite is true in
the second way: the monitoring of
actual field performance. Here, equip-
ment environment can vary in
unknown ways; operation and main-
tenance may not be applied ‘by the
book’ and may involve differing de-
grees of skills; reports of equipment
failure, at their worst, may be mislead-
ing and, as a rule, may be rather unin-
formative. The advantage, however, is
the countless hours of equipment
operation that can be monitored.

The fact remains that, when the oppor-
tunity presents itself to secure such
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data under controlled conditions,
something of value is in hand. When
this opportunity includes provisions
for evaluating and classifying this data
while it is still fresh, that value is
multiplied. )

Background

A succession of contracts on the
Saturn/Apollo program for NASA in-
volved the delivery of twenty-four
RCA computer systems. NASA re-
quirements on this program called for
continued integrated reliability pro-
grams that would provide for the
design of high reliability into the
equipment, would maintain reliability
through manufacture, and would mon-
itor and assess reliability in field use.

As a result of the unique demands of
this program, NASA established a uni-
form failure reporting program which
was implemented by the NASA equip-
ment contractors. Prepared failure re-
ports were distributed to contractors
having design responsibility for each
equipment. The contractor, in turn,
maintained a data bank of failure his-
tory applicable to his equipment and
provided NASA with identification of
failure trends, updated reliability
assessments, and prediction of mission
success; the contractor also submitted
a separately documented close-out re-
port against each failure report—
giving repair details, analysis of the
failure and, where applicable, correc-
tive action to the design or to existing
equipments.

The effects of this extensive program
emphasis on post-delivery reliability
measurements were that

1) Incorrect or incomplete data could
be investigated and improved while
it was still fresh;

2) Classification of each failure rec-
ord could be made, permitting later
selective considerations;
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3) The entire past history could be
continuously reviewed and reclassi-
fied when later developments pro-
vided more information; and

4) Most important, the program
would run for several years, provid-
ing large data sources, minimizing
the effect of random errors in data
from all sources, and providing high
confidence in resultant computa-
tions.

Since the start of this field-data phase
in 1965, over 375,000 system hours
have been accrued on the RCA equip-
ment along with a complete reliability
history recorded to the component-
part level. Part-hours, in turn, range
up to the billions of hours. A situa-
tion like this will make eyes gleam in

Table |—Discrete part reiiabiiity data.

Failure rate

Temperature (failures/10° hours)

Observed Random Average Part Normalized Observed  90%

Part type part failure  stress ambient Junction confi-

hours count ratio dence

Diode, germanium switching 19.0 56 0.1 45°C 0.35 0.0029 0.0035
Transistor, germanium

(typical 2N1301) 2.89 48 0.2 45°C 0.50 0.017 0.02

Resistor, RL 20.0 2 0.3 45°C 0.0001 0.0002

Capacitor, CM 5.37 4 0.1 45°C 0.0007 0.0016

Coil, RF 1.01 8 0.1 45°C 0.008 0.013

Failure classification into one of nine
distinct conventional failure categories
was a first step in the screening of the
raw data. This reduced the total vol-
ume of data, where the basic type of
cause could be determined, into
smaller groups that could be sepa-
rately treated and analyzed for correc-
tion, as follows:

Type 1—random failure
Type 2—dependent failure

into one of the more specific failure
categories.

Fig. 2 illustrates the computer printout
format used in the analysis of random
or residual failures. The observed ran-
dom failure rate is computed at both
assembly and part levels from system
operating hours, system part applica-
tion records (for quantities), and
screened failure records. These rates
can be visually compared for differ-

any re.liability department. Failu_re-rate Type i:yv;a_nl;u; gailu?e'l ences with existing handbook values ¥ 3
data in available handbooks is fre- Type 4—initial defect tailure and are also statistically compared to
uently based on far smaller samples Type 5-—performance deterioration o . " .
q y ples. Type 6—non-operational defect indicate the “significance” of any dif-
Type 7—workmanship-type defect ference. (A failure rate based upon a
Method Type 8—design change (document- few observed failures does not have
ing modification action) the same meaning or usefulness as
. dd Type 9—design-oriented failure .
On this program, all data and data Type O—not a failure (or failure not the same fal.lure rate based upon many po
sources related to the RCA equipment confirmed) observed failures).
were returned to a central collection ) .
point with the EASD reliability group. ~ Although nearly all of the above in-  In brief, the le\fel-of-sigmﬁcan.ce anal-
This included NASA failure report  volve some degree of follow-up analy-  ysis can determine the probability (or
forms, repair record forms, failed  S5is, the one identified as ramdom  odds in favor) of the observed results
parts removed in repair, and petiodic failure holds a.special in.terest. This being obtained fror.n a population of
elapsed-time meter readings from all ~ grouping contains all failure occur-  that part in the equipment truly repre- &
equipments. rences which could not justifiably be sented by the prediction. In practice,
assigned to one of the other types—  the computation is set up to indicate
Some cause/effect interpretations in a sense a screening residue. Random a few discrete levels such as: observed
could be established at this first or chance failures can be defined results consistent with predicted fail-
(paper) level. In a few critical cases, as those occurring independently of ure rate (one chance or greater in
immediate analysis was performed on known or correctable causes. Handled  ten), 5% level (one chance in twenty), '
the failed part. The emphasis of the on a statistical basis at the part level, and 0.5% level (one chance in two-
program, however, was on the analy- they also provide the source of the hundred). These levels, indicating
sis for failure trends for common  generic failure-rate data presented in where a part or component is under-
cause/effect and possible elimination. handbooks. performing its prediction in a statis-
This would allow the long-running L tically significant sample, are used as
program to be most cost effective. Of the several d?scnptlons offered flag to direct a more detailed analysis
i ) above, the most important type of  of that item’s failure history. o
The accomplishments of this program failure for the program is residue.
required early planning for machine Where an underlying cause of failure The complete screening operation de-
assistance. The essential data from is significant and generally inherent in scribed above is illustrated by Fig. 3.
both the failure report and the repair a specific part, circuit, environment, With continued analysis for failure
report was reduced to 80 columns of manufacture, or use, it will occur trends, action to correct the equip-
information in machine-card format meore than once and, in time, will indi- ment, and reclassification, the random
(see Fig. 1). This permitted automatic cate itself as a trend of similar fail- failure category becomes more of a W
sorting and print-out records for any ures. Directed failure analysis applied measure of what can be taken as the
item of interest in further failure diag-  to each such trend uncovers correct-  inherent failure rate of a given part in
nosis; e.g., assembly, part, failure able causes and allows more items of a specified application and environ-
classification, etc. the random category to be reclassified ment.
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Fig. 1—Failure-report coding form. K™ 3
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Fig. 2——Computer readout format for random failures.
In the current EASD data bank, no ful. It does not merely involve an add- e
significant failure-rate data exists for ~ on process to older posted records. FAILURE REPORT
integrated circuits, since these were  To permit continual life retrieval of - 3
not in use in the subject equipment.  the reliability history requires organi- FOUND . i%%oggRRXTIONAL
Also, no new application factors (air-  zation in the data-bank system that «_NON-FAILURES
borne, shipboard, etc.) were generated  will give living records rather than a LOCATE BY LOCATE BY
since the equipment providing the his-  succession of dead files. In the end, gy yul
tory was only used in a laboratory  for each analysis you must leave the
environment. These will have to be de- coded summary printouts and return
veloped from future programs. Table 1 to the original report text. (NITAL  WOREMANGHTP WEAROUT  RANDOM_
gives some of the discrete part data  pfachine-assisted operations and spe- PSR TR S N
produced, to date, as fallout from the cial working forms must be designed DEFECTS S or

i 'L 01s . . DISCERNIBLE
stages of analysis. for as much flexibility as possible. All COMPLETED

EQUIPMENT MEASURE

A second failure history screening, Fhe needs of an extended data-Pt:ocess- APBER(E)‘;gE;qNG MAINTENANCE PREVENTIVE
diverging from that performed for ing program cannot be anticipated ZERO WITH TIME IMPROVEMENT  MAINTENANCE
diagnostic purposes, was performed as  from the start, yet major changes can- ™ GeHSNT""
part of reliability assessment. This not be economically introduced half-
screening did not establish inherent or ~ Way through the program.

limiting reliability, but was designed
to measure the equipment failure-rate
performance that existed at that in-
stant of time due only to the equip-
ment, excluding corrected problems
and human foibles. The progression
of this assessment measure, at the
equipment and system level, estab-
lished a ‘present status’ reliability
growth curve which existed from early
field performance and moved toward
the measure of limiting reliability.

Problems

Collecting good screened data has sev-
eral associated problems and requires
controls. There is a continuous need
for review and correction of the equip-
ment user’s approach to documenting
failures and the repair group’s ap-
proach to troubleshooting and repair
reports. Misleading reports will be
written, repair action may hide the
original cause of failure, and failed
parts will be lost preventing further
analysis. This cannot be eliminated
but can be minimized so that long-
term cumulative records can replace
weak data.

To take advantage of cumulative data,
the system must provide for continual
retrieval and review of the entire his-
tory. Properly screened to today’s
knowledge of failure occurrences and
corrective action for this equipment,
last year’s history becomes just as use-

Conclusion

The screened failure-rate data at the
part level, which resulted from the
described program, is being used by
EASD reliability in current new busi-
ness proposals and on equipment
development programs. It exists as a
more current data source, and, prop-
erly used, contains more accurate data
than current standard handbooks.

Since it reflects a constant, limiting
petrformance that can be attributed to
part reliability levels alone, the other
factors that will exist in various de-
grees from early life through well-aged
field performance are reintroduced
by a multiplying factor derived from
assessment screening. Typically, fail-
ure rates for early life, when reliabil-
ity demonstration may be required,
are taken as four times the basic
equipment prediction, while middle-
life failure rates, mostly experienced
by the customer in field use, will be
around twe times the basic prediction
for a program involving problem feed-
back and corrective action. The range
of multiplying factors must be
selected and used with caution, how-
ever, since it is here that the quality
level of purchased parts and assem-
bled equipment, as well as engineer-
ing attention to worst-case design, has
its effects.

The use of this in-house prediction
data in place of standard handbook
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ANALYSIS

| =

UPDATED
RELIABILITY
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» CORRECTIVE ACTION
» RECLASSIFICATION

Fig. 3—Failure report classification and use.

data is inviting since, even when de-
graded by the multiplying (growth)
factor, it results in a substantially
higher predicted mean time between
failures (MTBF). Its use can be sub-
stantiated to customer groups in terms
of the source data and approach. To
the degree that it permits closer pre-
dictions of reliability to what will be
the actual case, it requires that more
attention be paid to safety margins
between contract specified require-
ments and current predictions. Closer,
more accurate reliability predictions
must be the aim of the Engineering
Department — as reliability guaran-
tees, equipment warranties, and life-
cycle costing become more frequent
topics in requests for quotation.

Development of reliable reliability
data is a cost item and cannot be
done on every job. But, where failure
reporting and failure analysis is re-
quired to any degree, the extra plan-
ning to set up and support a useful
system to provide this secondary out-
put can bring company returns in
terms of competitiveness and confi-
dence.
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Value engineering at EASD

S. Steinfeld

In his program planning, the design manager must chart a course that has three
basic parameters—function, schedule, and cost. In considering function, two condi-
tions must be satisfied: 1) it can be built; 2) it will work. These two conditions of
function must be proven within a time limitation, and problems mount rapidly as
schedule and cost factors come into play. Costs are a prime concern but these con-
cerns can add to the complications of restricted time. Where is priority attention
placed: on function? on schedule? or on costs? A similar question is: which is the
most important leg of a 3-legged stool? This paper shows how a manager can effec-
tively use value engineering as one of many tools to help establish the success of
his total program. It will explain some key factors in the effective application of value
engineering relative to the rest of the company’s operations, and discuss its impor-
tance toward increasing the worth of a product through the lowering of final cost at
which the product provides its function.

IT IS COMMONPLACE in the Aero-
space/Electronic Industry to nego-
tiate R&D contracts under very tight
production schedules. This arrange-
ment opposes the industrial psycholo-
gist’s advice that we should have a
clear, easy schedule and a relaxed at-
mosphere as a stimulant for true crea-
tivity. In spite of this burden, EASD
has established a reputation with DoD,
NASA, and the commercial world for
concurrent development and produc-
tion. This is a necessity in our com-
petitive environment; we must satisfy
the customer’s requirements within a
necessary time constraint and at a
profit. A good track record with our
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customers proves that proper tech-
niques have been developed by RCA
to do its critical job. Each division has
its own variety of these techniques,
and this paper examines a specific
EASD management tool—value engi-
neering. In some cases, cost reduction
and value applications may start in
the proposal stage, as a marketing ad-
vantage, or to assist manufacturing in
their producibility studies. The empha-
sis here, however, is toward its real
usefulness as a management discipline
when the contract arrives—to start the
design, development, support plan-
ning, and implementation.

When engineering gets its contract
commitment assignment, the design
engineer goes into action. Because of
EASD’s diverse product line but rela-
tively small organization, the design
engineer has developed a jack-of-all-
trades ability. He must be a Solomon
to steer his program through all disci-
plines, and he must develop a store-




house of all ingredients essential to
satisfy contractual elements.

From his spectrum of talents, the engi-
neer is capable of providing concepts;
selecting parts, materials, processes
and finishes; designing tools; provid-
ing test procedures; packaging and
packing; writing manuals; and capably
performing many other peripheral
skills — including value engineering.
However, if he has planned and or-
ganized his task properly, he will sum-
mon only those people and skills
necessary to accomplish his goals:

Function—it must work
Schédule—on time
Cost—at a profit

The designer, like most of us, is a
victim of Parkinson’s law: at the
moment of commencing a task, all
available time is used up. He is now
time-constrained and must quickly
concentrate on getting the device to
work.

Back in the cost-reduction void of
post WW-II his program would have
reached this point:

DEesSIGNER: Well, boss, here’s the package
ready for production. It’s been success-
fully breadboarded, prototyped, tooled,
environmentally tested and tomorrow is
our deadline . . . but, one thing . . .

MANAGER: I’'m impressed! Give it over to
production, now!

DESIGNER: But, boss, give me another two
weeks and I'll reduce the manufactur-
ing costs by 15%.

MANAGER: I'm impressed! Give it over to
production, now!

Let’s carry this play to the point,
where we check costs as the job pro-
gresses.

MANAGER: Do you have these costs under
control?

DESIGNER: Yes, sir, we know what our
costs are at all times.

MANAGER: That’s fine, what do you do
when you identify an over-run condi-
tion?

DEesiGNER: We cry a lot.

The well-planned and organized engi-
neer should rarely find himself in such
a situation. But, if management did
not provide all the engineering sup-
port functions to put at the design
engineer’s disposal, the above dialog
could become biographical.

Value engineering is one of the engi-
neering support functions. Over 12
years ago, DEP Procedure 0605 (Value
Improvement Program) established
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Fig. 1—EASD value engineering plan.

value engineering as a means of pro-
viding its customers with the highest
value for their dollar. Like all pro-
cedures, this was a guide, and as such
had to be shaped through a divisional
operating instruction to accommodate
the needs of EASD; the basic plan is
illustrated in Fig. 1.

Upon examining other VE programs
over the years, one premise stood out
as an uncompromising baseline: the
major factor in a successful VE func-
tion is its relation to the rest of the
company’s operations. Value engineet-
ing is sought after when it demon-
strates consideration for the impact of
change on all departments. To be
meaningful, a VE program must

1) Blend with all functions without
compromising cost reduction;

2) Serve the program director; and

3) Be oriented to contractual obliga-
tions and divisional procedures with
cost reduction as a common denomi-
nator.

As EASD management has found, the
addition of a value engineer to the staff
does not provide the elixir for all
economic ills and ails. There must be
a plan, and there must be funding.

Funding

Pull me out of the cave and Ill give
you the lamp.

CONTROL

No, give me the lamp and I'll pull you
out of the cave.
Interchange “VE” for the “lamp” and

“excess costs” for the “cave”, and it is
apparent how many a VE effort is as
frustrated as Aladdin was.

As described before, the program
director will align disciplines that will
provide him the tools to 1) make it
work, 2) ship on schedule, and 3)
make a profit—in that order. This does
not imply that profit is ignored. But,
if the design doesn’t work, it can earn
no profit. If it is not shipped on sche-
dule, there is an immediate negative
impact—and perhaps a loss of profit,
if not future business.

It may appear paradoxical that the
very purpose of this engineering pro-
gram should take the low order of at-
tention. But there must be efficient
execution of the first two phases—
“make it work” and “ship on sched-
ule”—to accomplish the third—"“make
a profit.” Therefore, most resoutrces
and disciplines are brought to bear on
accomplishing those phases.

As a result, funding proposed for the
design task either

1) Did not include an allocation for
value engineering or

2) It was there, but was used for the
design effort.

Under these conditions, where value
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Fig. 2—Value engineering workshop plan.

engineering is not a mandatory func-
tion, it will atrophy. If we were to
mediate Aladdin’s problem today, we
would have put his lamp in escrow
while the two principals got on with
the negotiation, each, later claiming
his fair share of the lamp. This analogy
gave EASD the breakthrough for some
initial value engineering program suc-
cesses. Value engineering is “invest-
ment” funded during its ‘“search
mode,” that is, until it “homes in” on
a specific problem.

Q: Then who pays?

A: The program that benefits.

Q: When does he pay?

A: As soon as the value engineering
effort begins.

Q: How does the program benefit?

A: Its funding allocation is credited
proportionately. The benefit may be
cost-avoidance action and this is
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Fig. 3—The ad hoc study team approach.
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Q: Suppose he has no funds?

A: The program director will assign
the use of his Shop Order, nonethe-
less. A small overrun due to VE
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the program director a VE proposal
for consideration.

Q: Who arbitrates conflict?

A: The program director exerts auton-
omous control because he is respon-
sible for the success or failure of his
project. Therefore, it behooves any
VE proposal to provide some valida-
tion of its potential. VE processing
also provides substantiating test
data for implementation considera-
tions.

Plan

The value engineering activity concen-
trates on three basic elements to search
out superfluous costs:

1) The VE workshop-training-seminars
2) An ad hoc study team
3) Cost reduction awareness program

Workshop-training-seminars

Value engineering training is an essen-
tial ingredient to any cost-reduction-
conscious organization. Courses and
curricula are available at accredited
colleges, such as UCLA; courses are
also given by the Department of De-
fense, RCA, and the Society of Amer-
ican Value Engineers. EASD has
developed a curriculum to satisfy its
particular needs. Most educators ad-
vise, and many insist, it is vital to run
a course uninterruptedly. Were we to
ask some 20 persons, including design
engineers, buyers, methods engineers,
draftsmen, etc., to leave their jobs for
one work week straight to attend class,
the program would not get off the
ground. To be successful, the program
must consider the rest of the opera-
tions. The in-house seminar has proven
to be the answer to EASD. It not only
imparts the VE methodology to 20
people at a time, but the company
benefits in direct savings by having
in-house “live” projects for study by
the teams.

Fig. 2 shows the typical plan for a
workshop. The key? It is sensitive to
EASD. It does not meet the best cri-
teria for a training program, but the
tradeoff provides EASD with a work-
ing plan that pays off.

Results? Some are direct, such as one
workshop that returned over $750,000

to the division—a return of 1300% on

the investment. Some are intangible,
such as an increase in the number
of employee suggestions and the in-
creased quality. We encourage a heavy
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mix of design draftsmen and techni-
cians in these workshops on the
premise that a healthy level of cost
avoidance can happen on the drawing
board. Buyers and manufacturing per-
sonnel greatly contribute to that area
in producibility.

An ad hoc study team

The burdensome compliment is the
management assumption that the addi-
tion of a value engineer to the staff will
anesthetize the high-cost pains, or that
the customer will nod approvingly by
noting the presence of a VE block in
an organization chart. The prescribed
dollar savings goal, a percentage of the
division‘s gross business, cannot be
met by the value engineer alone. The
complexity of only a few product lines
and the coverage dictated by a DoD
program requirement through MIL-V-
38352 (contractual requirement forVE
as a funded line item) demands the
concerted effort of a team of experts
before any appreciable costs can be
extracted. So, taking a lesson from the
data-bank concept, we use the expert-
bank concept, generally known as the
ad hoc VE study team (Fig. 3). Theo-
retically, this is an ideal approach.
Practically, it won’t work unless
middle management accepts or is given
to understand that value engineering is
a mandatory function, much the same
as design reviews. This condition
arises because the value engineering
studies are usually unscheduled events
and the experts must now be sum-
moned from a scheduled program and
become responsive to a VE team cap-
tain. It is not easy to convince a pro-
gram manager you are out to aid his
cause by disengaging his people from
scheduled work. How then is this
reconciled? Certainly not by the DEP
Procedure that holds him responsible
for accommodating such an effort. But
where he has seen striking results from
this probing discipline, he will deposit
some of his expertise in the expert
bank, looking forward to the value
engineering benefits that one of his
subsequent programs may enjoy. In
addition, his program will not suffer
from unscheduled expenses because
his people will be “investment-
funded” or funded by the program
benefiting from the services.

With that management problem
solved, the value engineer selects this

special team and guides them through
the VE methodology. Once involved,
designers will note “there’s nothing too
special about this cost reduction
thing!” And they will be correct! Ex-
cept that the goal is profit and more
business, through greater value, rather
than cost reduction as an end in itself.
If expediting the schedule or improving
performance will yield greater profit,
additional cost may be invested to ac-
complish these ends. The only thing
special is the organized approach and
the stage to let it happen. Cost reduc-
tion is greatest when value engineering
techniques are applied along with the
basic elements of managing: planning,
organizing, staffing, directing, and con-
trolling. The teams will vary from two
to six people and may complete their
study within from one hour to one
week. This program at EASD is a soft-
sell campaign in constant motion.

Cost reduction awareness

Reporting on the effectiveness of our
studies is conducive to advertising
dramatic results. However, in so
doing, we are apt to squelch one of
the prime requisites for a fruitful cost-
reduction program, ie., the constant
effort, and the think-cost-reduction at-
mosphere. A moderate cost reduction
suggestion might very well be aborted
in its embryonic stage because it
would pale before a mighty five-figure
saving recently published. We make
no announcement which would de-
velop a “tough-act-to-follow” effect.
This makes room for a flow of motiva-
tional and technical presentations
readily digestible. Posters are placed
throughout the facility depicting cost
savings from all functions, e.g., pro-
duction, employee suggestions, mate-
rial handling cost reduction team, etc.,
with amounts ranging from several
hundred to several hundred thousand
dollars saved.

Noontime presentations by specialty
vendors directed toward cost reduc-
tion are arranged periodically in co-
operation with our purchasing value
analyst. A Value Engineering Bulletin
is published whenever there is some-
thing of value to discuss. Bulletins can
be technical or philosophical. A cost-
awareness action may be no more than
a casual conversation with our value
engineer. Recently, following such an
exchange of ideas, our shipping and
receiving manager conceived the idea

to change the shipping classification
of a DoD commodity. At this writing,
technical approval has been given to
the value engineering change proposal,
the negotiations are under-way for a
potential six figure share for EASD.

Most changes initiated under the value
engineering probe generally are sub-
ject to approval of a design manager;
the implementation is then his respon-
sibility. Where the recommendation is
a class-I change on a DoD contract,
the ECP will become a VECP when
there is a cost savings to the customer.’
Here, again, is the need for more team
work. The value engineering incentive
clause in a DoD contract allows value
engineering to become a business
within a business. As such, both
marketing and contracts administra-
tion are needed to negotiate with the
customer through the Armed Services
Procurement Regulations (ASPR).

Reporting

Management cannot be expected to
accept any program on good faith
alone. A reporting schedule is main-
tained to provide management review
and program assessment. Internal
audits are done to satisfy DEP Pro-
cedure 0700 (Cost Reduction Pro-
gram) for monthly reports to DEP
Staff and to maintain an up-to-date
status for DoD contractor performance
evaluation. Because our government is
increasing its cost reduction aware-
ness, ptre-contract award evaluation
places a heavy weighting on value
engineering. On most proposals to
DoD agencies, we are obliged to re-
port on the sustaining action value
engineering generates. A good VE
track record is good business.

Summary

Value engineering reinforces the
strength of other programs and disci-
plines which serve management. By its
complementary relationship, those dis-
ciplines and programs increase their
likelihood of achieving total manage-
ment objectives.
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Engineering support and
logistics—the EASD approach

G. F. Fairhurst

This paper describes the engineering support and logistics organization that has
evolved at the Electromagnetic and Aviation Systems Division over the past four years.
The increased performance and success of this group has been a gradual process—
made possible by adopting the philosophy that the support function is a partner to,
and an integral part of, the engineering organization. Crucial to this evolution was the
recognition that RCA/DEP is basically an engineering and scientifically-oriented
organization; this approach has many real advantages for the support group, for engi-
neering, for the division, for the company and, most importantly, for our military and

commercial customers.

HE QUICKEST WAY to describe the
support approach at EASD is by
a review of the engineering support
and logistics organization chart, Fig. 1.
Basically, this organization, which re-
ports directly to the chief engineer, is
structured into two coordinated func-
tions with, roughly, equal personnel
complements. The two major line or-
ganizations on the left of the chart
have the function of direct support of
the engineering design and develop-
ment responsibilities. The two line
organizations on the right of the chart
have responsibility for supporting our
customers during product design and
manufacture and after delivery. Fig. 2
gives the charter of the engineering
support and logistics organization at
EASD.

Customer interest and influence

The responsibility of this double-
barreled functional role in one organ-
ization allows rapid identification of,
and response to, customer require-
ments as they relate to the basic design
and development responsibilities. For
example, reliability engineering (on
the left side of the chart, Fig. 1)
works closely with the designers in
drafting and with product support
engineering groups in the mainte-
nance, provisioning and field engi-
neering responsibilities. The structure
which places parts standardization and
data management within design draft-
ing has proven to be valuable from an
information standpoint, since it is
within the drafting department that
the basic documentation starts to be-
come formalized for the first time.

Reprint RE-15-6-16
Final manuscript received January 5, 1970.

A more operatienal description of the
dual-purpose engineering support and
logistics organization is shown in Fig.
3. Note the almost direct repeat of the
dual functional roles described in
Fig. 1. To the left of this chart are
the functions of the basic design sup-
port role as it receives requirements
from the customer; on the right, again,
we see the customer and the product
support element functions which de-
liver the necessary data and talents
after the equipment has been designed,
built and delivered. An operational
bridge between these two organiza-
tions is the maintenance engineering
analysis function. The evolution and
product of the maintenance engineet-
ing analysis influences at a very eatly
stage, all of the important and cus-
tomer-oriented functions seen on the
right of Fig. 1.

Real contributioné are important

In the final analysis, the successful
performance of a support and logistics
operation rests in the confidence of our
engineering associates and in the pro-
fessional service-oriented attitude of
all the support personnel. With this
confidence and professionalism, the
support functions can truly be an
integral part of every program. Com-
petency and professionalism is also the
only real factor which can overcome
the basic psychological handicap
which every service organization must
face. There is, within all of us, this
psychological trait which cries out
“anything you can do, I can do bet-
ter.” A support organization has to
continually prove, by performance,
that this is not true of the specialized
disciplines within its realm. Technical
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Electromagnetic and Aviation Systems Division
Van Nuys, California
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competence in support disciplines also
means leadership in the use of new
tools and techniques. The logistics or-
ganization, for example, must use the
same tools that are available to design
engineers; system-simulation models,
queuing theory, and life-cycle cost
models must be as much a part of our
performance as it is in design engi-
neering. We become and remain a part
of the engineering team only by con-
tinuous educational updating of our
skills and by the experienced applica-
tion of those skills.
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Power supply overload
protection techniques

F. C. Easter

Not allowing for load conditions outside the normal operating limits of the supply is
the most prevalent cause for failure in otherwise well designed supplies. Various
overload protection techniques are described in this paper, with particular emphasis
on foldback current limiting. Foldback current limiting allows safe operation with the
thermal design and current capability of the supply determined by fuli load require-
ments, rather than possible overload conditions. Such protection can be provided by
the additions of a few low power components.
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proved and one patent pending.
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ATASTROPHIC FAILURES in other-

wise well-designed power sup-
plies occur most often from overload
or short circuiting of the load. Various
techniques are available for current
limiting regulated power supplies.
The following techniques will be ex-
amined and the advantages and limi-
tations of each will be discussed:

1) Passive current limiting

2) Current limiting by base drive of
pass transistor

3) Active current limiting

4) Supply shutdown on overload

5) “Fold-back” current limiting, with
automatic recovery from overloads

Passive current limiting

A commonly used, extremely simple,
regulated supply with passive current
limiting is illustrated in Fig. 1, which
is the schematic for a zener regulated
supply. Maximum dissipation occurs
in the active device at maximum sup-
ply voltage (high line) and no load.
This is (E...) (E1-E.,.)/R1. Maxi-
mum system dissipation occurs at high
line and short circuit, where E1°/R1
watts is supplied from E1 and is dissi-
pated in resistor R1. As in most shunt
regulated supplies, the short circuit
R1

. [ A

h

Fig. 1—Basic voltage-regulated supply.




current is determined by the source
voltage and series impedance:

Is¢=E1/R1

Another example of current limiting
via source impedance is found in ion-
pump power supplies. An ion-pump
power supply is used to maintain a
high vacuum in a large volume cavity,
such as a traveling wave tube. When
the cavity is properly evacuated, the
ion current is low. If an arc occurs,
or the tube has not been operated
for some time, a gaseous condition
may exist and ion current will be high.
The terminal voltage of the ion-pump
power supply may decrease with load
without seriously impairing the opera-
tion of the ion pump. However, short-
circuit current must be limited for the
protection of the load and the ion-
pump power supply.

An ion-pump power supply often
takes the form of a 3000-volt unregu-
lated supply with a short-circuit cur-
rent of 1mA. This can be mechanized
-with a transformer/rectifier/storage-
capacitor combination and a 3-
megohm series resistor.

Load current limited by drive of the
pass transistor

A somewhat improved regulator may
be obtained by using an emitter-
follower configuration following the
zener diode of Fig. 1. The load regu-
lation is normally improved, as load-
current variations are isolated from
the zener by the current gain of the
transistor. Further, a smaller, more
economical zener may be used. Sup-
ply efficiency is improved as a series-
regulated supply (as this has become
with the added emitter follower)
draws current as determined by the
load requirements. In a simple shunt-
regulated supply, full load current is
drawn from the source even when
there is no load.

The basic series-regulated supply of
Fig. 2 is a straight-forward extension
of the above concept. Transistor Q1
acts as an emitter follower, isolating
the load from the transistor base cir-
cuitry; Q2 and its associated compon-
ents can be thought of as a zener with
feedback. The circuit would function
so if R3 were returned to the base of
Q1 rather than to its emiftter.

However, the following is a more ac-
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Fig. 2—Basic voltage-regulated supply.

cepted explanation of the operation
of a basic series-regulated supply. Fig.
2 is a diagram of a very rudimentary
voltage regulated supply. A complete
supply would include protective de-
vices, feedback stabilization, and
probably greater current amplifica-
tion. Power supply E1 is normally
provided by a transformer/rectifier/
filter combination. Power supply E2
is often a =zener-regulated supply
which is referenced to the output
voltage. The function of E2 and re-
sistor R1 is to provide a turn-on cur-
rent to the pass transistor, Q1. Zener
diode CR1 provides a voltage refer-
ence against which the supply output
is compared. It may be noted that if
CR1 is a 6.2-volt diode, its current
can be adjusted such that its tempera-
ture coefficient nominally compen-
sates for the base-emitter junction of
Q2, resulting in an economical, low-
temperature-coefficient supply.

Transistor Q2 amplifies the difference
between the reference zener-diode
voltage and a sample of the output
voltage to be regulated. When the out-
age divider to provide a sample of
put voltage is higher than desired,
transistor Q2 conducts more current,
thereby shunting turn-on current
away from transistor Q1, causing the
supply output voltage to decrease to
its desired value.

Resistors R3, R4, and R5 form a volt-
the output voltage for regulation. Re-
sistor R2 provides quiescent bias cur-
rent to the reference zener diode, CR1.

In a supply as described above, the
short-circuit current limit is:
E2~Vszrcou

Isc=T" BQ1

As E2, Vyr and R1 are fixed values,
the short-circuit current is directly de-
pendent on the beta of transistor Q1.

R1
M

: Q

o— -

CR1

AL—-&——NT/‘

3

Egut

RS

Fig. 3—Supply with foldback current limiting.



Therefore, the short-circuit current
will normally vary over a range of
greater than 3 to 1. For reliable opera-
tion, transistor Q1 and its heat sink
must then be chosen to be able to
dissipate three times the high-line
INPUT power. This constitutes a large
design penalty, to say nothing of ef-
ficiency and system cooling which will
not be discussed in this paper.

Active current limiting

Short-circuit-current limiting can be
provided by the technique shown in
Fig. 3. In this circuit, when the load
current provides an IR drop across R7
in excess of the base-emitter turn-on
voltage for Q3, Q3 provides a shunt
path for the turn-on current, thereby
lowering the output voltage. It should
be noted that in this configuration,
short-circuit current will be slightly
in excess of the maximum current
which can be voltage regulated. Under
short-circuit conditions, the source
voltage E1 appears across the pass
transistor Q1. Therefore, its maximum
dissipation is considerably more than
that incurred in operating at full load.

The short-circuit current can be ap-
proximated by

Ises=Vsz/R7

The power dissipated within a regu-
lator circuit is determined by the char-
acteristics of the regulator and the
load. With passive current limiting, it
was seen that resistor R1 (refer to
Fig. 1) dissipated all the power under
short circuit conditions.

In the circuit shown in Fig. 3, tran-
sistor Q1 dissipates nearly all the
short-circuit power. This will closely

ANODE

GATE —

©

CATHODE
Fig. 4—This transistor pair can replace the
SCR shown in Fig. 3.

approximate the product of source
voltage, E1, and full load current.
Thermal considerations are extremely
important as most semi-conductor
failures occur due to thermal stress.
As systems increase in density and
complexity, the problem of removing
heat from the equipment often be-
comes the major problem.

Supply shutdown on overload

If in the circuit of Fig. 3, a silicon con-
trolled rectifier (ScrR) is substituted
for transistor Q3, the power supply
is automatically shut off when an over-
load condition is encountered. This
limits circuit dissipation to that at full
load. This has a disadvantage in that
when the supply is overloaded, it re-
mains off until external action is
taken.

The scr function can be accomplished
by an NPN-PNP transistor combination
as shown in Fig. 4. One advantage of
this combination is that the base emit-
ter turn-on voltage of a transistor is
generally better controlled than the
gate firing potential of an scr. This
configuring of an scr is compatible
with integrated-circuit techniques. An
ordinary NPN transistor may be used
with a lateral pNPp transistor.

Foldback current limiting

Patent #3,445,751 was granted to the
author for a circuit configuration that
overcomes many of the disadvantages
of the previously described circuits.
The configuration is shown in Fig. 5.
Its operation can be described as fol-
lows: transistor Q3 provides the same

function as in previous circuits with
the exception that its threshold is a
function of both load current and sup-
ply output voltage. Transistor Q3 does
not conduct and current limit the sup-
ply until the voltage drop across R7
exceeds the voltage across R9. The
R8, R9 voltage divider provides a
sample of the supply output voltage.
When Q3 conducts, the output voltage
will drop for the same reasons as
described for the circuit of Fig. 3.
When the output voltage drops, the
threshold for Q3 decreases. This ac-
tion provides a current limit that de-
creases as load is increased.

The voltage-current characteristic of
such a circuit configuration is shown
in Fig. 6. The maximum current can
be set just above full load level by
selection of R7, R8, and R9.

The short-circuit current is deter-
mined by the value of R7 and the base-
emitter potential of Q3. Under normal
conditions, voltage divider R8 and R9
provide a reverse biasing potential
and, therefore, resistor R7 can be a
larger value as compared to its
equivalent in the previous circuit
(Fig. 3). (R7 of Fig. 3)

The major advantage of foldback cur-
rent limiting, as shown in Fig. 6, is
that the thermal design of the supply
is dictated by full load operation. The
dissipation of the pass element under
overload conditions is less than when
the supply is operating at full load.

A second advantage is that recovery
from overload is automatic. Less load
current results in a decrease in voltage
across R7. Hence, more voltage can
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Fig. 5—A supply with foldback current limiting.
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Fig. 6—Characteristics of foldback current
limiting.

appear across R9 (and the supply out-
put terminals) at the threshold of Q3
conduction. If the load is further de-
creased to within its operating limits,
the output voltage is again regulated
to the desired potential.

An alternate configuration for fold-
back current limiting is illustrated in
Fig. 7. Again the individual compon-
ents have been designated identical to
those in foregoing descriptions in or-
der to avoid the repetition of func-
tional explanations.

The Q1 equivalent is more typical
than a single-pass transistor. A Dar-
lington drive of multiple-pass transis-
tors with current-sharing emitter
resistors is often used in regulated
power supplies.

The voltage across R9 of the R8, R9
divider normally reverse biases the
base-emitter junction of transistor Q3.
Since R9 is returned to the base of the
output transistors, the V;p of the out-
put transistors offsets the Ve of Q3.
The alternate configuration provides
two possible advantages:

1) The short-circuit current may be re-
duced because the Vizz of Q3 is pro-
vided external to the current sensing
resistor (s).

2) The base current of Q3, instead of
emitter current, flows in the R8, R9
voltage divider. This further reduces
the short-circuit current.

It is interesting to support the above
mathematically. For the convenience
of this paper, it will be assumed that
Ve is constant and equal for all tran-
sistors. In support of 1) assume that
the beta of Q3 is infinite and that neg-
ligibly small current flows in R1. Now,
in the circuit of Fig. 5, under short-
circuited load conditions, the top of
resistor R8 is at the same potential as
the right end of resistor R7 and the
base of transistor Q3. Then in accor-
dance with Kirchoff’s voltage law,

Is¢ R7=(R8+R9) Vsz/R8

Under overload conditions, transistor and
Q3 again robs drive current from the Van/ R9
pass trans.istor. The current-sharing I scrj@"(ﬁ“ + 1)
emitter resistors serve a dual function
as they also sense load current. for Fig. 5.
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Fig. 7—Alternate configuration for foldback current limiting.

Similarly (in Fig: 7) under short-
circuit conditions, the bottom of R8
is at the same potential as the right
end of the R7 equivalent. The voltage
of E; (shown on the schematic) with
respect to the short-circuited load is

R8+R9

EB=VBE T)=ISCR7+VBE

from which
on (2)(22)
¢\ R7/\ RS
for Figure 7.

For the same voltage-divider ratio in
both circuits, the above simplifying
assumption infers that the ratio of the
short circuit currents is

Tsces _ R9+R8
Ise: ~ R9

Disallowing the above assumption of
infinite beta and negligible current in
R1, a more realistic number for short-
circuit currents can be calculated.
The principal error in the above equa-
tions results from ignoring the current
through resistor R1. In Fig. 5, this
current must flow through R9, thereby
increasing the required drop across
and current through R7. Short-circuit
load current is increased by Iy
(R7/R9).

In Fig. 7, the short-circuit load current
is increased by I, as Q3 just shunts
this current around the pass transis-
tors. Additionally, the drop across R7
equivalent must increase due to Q3
base current flowing through R9.

AE=-—R9

AE
AISO’I=IR1+'R7

-1 () ()

R9

AISC‘I=IR1( 1+ BR7

The short circuit currents with first
order corrections are:

R R7
Isos="—/gi(1+—9 +Ire ""—)

R7 R8 R9
and
V() (14 R
Iser= R7 \Rs + Il 1+ BR7

47



The David Sarnoff.

ials by e v ¢ .
Iy to their preparation, but to thelr charac-
. contribution to improved understandmg of
compounds and their luminescent properties,
H His work has had an important impact
mercial color felevision kinescopes. In addi-
ical importance, including small-particle high-
. . > as p : ) cient ZnS:Tm blue-emitting phosphor havinga
. narrow spectral cha ade po e the development of a television system that can
be viewed ire Sur Vi e of inf , il an ‘p}\psphors, double j
e . = . ;

hpwsky of the Electromag et: ‘
e David Sarnoff Ouistanding Ach
1 er hxp and contnb tsons in the fie!ds of comput

‘ . AN  ccently ;
. Lichowsky . replace electro

Jarretl L. Hathaway of Nattonal Broadcastmg
Outstandmg Achievement Award in Engineerin
mcal innovations in the field of broadcastmg v

instry ; ~ > ~hxghly seful m mode n day broad- -
_casting. Many of his original concepis have mat systems and apparatus of great value to the

National Broadcasting Company. Ba i _;eari desvg of a radio microphone (which sold over the
world by RCA), he has ed resentday sophisticated radio microphone syste :

: ! 1 as qulahty two-v;‘ay comm

.~ experience and know!

_such devices. He also in ente
- video circuit in supplyi

a failure of the regula

h 2y M have followed pri cil
. Hathaway ‘ultra—portable

_close-ups via
. ultra-portable
~__ming equipment




LOutstanding Achievement Awards

RCA’s highest technical honors, the annual David Sarnoff Outstanding Achievement Awards, have
been announced for 1970. Each award consists of a gold medal and a bronze replica, a framed

citation, and a cash prize.

The Awards for individual accomplishment in science and in engineering were established in 1956
to commemorate the fiftieth anniversary in radio, television and electronics of David Sarnoff. The

awards for team performance were initiated in 1961. All engineering activities of RCA divisions and

subsidiary companies are eligible for the Engineering Awards; the Chief Engineers in each location
present nominations annually. Members of both the RCA engineering and research staffs are eligible
for the Science Awards. Final selections are made by a committee of RCA executives, of which the
Executive Vice President, Research and Engineering, serves as Chairman.

This year, faced with two candidates for the individual Award in Engineering whose achievements
were very different but equally outstanding, the selection committee took the exceptional action of

The 1970 Team Award for Science

making two awards in that category.

Dr. R. E. Simon

i

r. B. F. Williams

M. H. Burmeister H. U. Burri

E. A. Hartshorne

o

J. J. Napoleon H. L. Slade

i
L. B. Wooten

Dr. A. H. Sommer Dr. J, J. Tietjen

Dr. Ralph E. Simon, Dr. Alfred H. Som-
mer, and Dr. Brown F. Williams of the
Conversion Devices Laboratory, Elec-
tronic Components, Princeton, N.J., and
Dr. James J. Tietjen of the Materials
Research Laboratory, RCA Laboratories,
Princeton, N.J., are recipients of the 1970
David Sarnoff Outstanding Team Award
in Science . «. “for the conception and
sucessful embodiment of new principles
and materials technology in markedly
superior photomultiplier tubes.”

Drs. Simon, Sommer, Tietjen, and Wil-
liams have made outstanding contribu-
tions to the development of a new line
of photomultiplier tubes which exhibit
superior puilse-height resolution charac-
teristics and improved signal-to-noise

The 1970 Team Award for Engineering

Mark H. Burmeister, Hans U. Burri, Miles
J. Kurina, Robert A. Morley, Herbert L.
Slade, and Lynn B, Wooten of Aerospace
Systems Division, Burlington, Mass.;
Frank A. Hartshorne and Daniel W, Wern
of Defense Communications Systems Di-
vision, Camden, N.J.; James J. Napoleon
of Electronic Components, Harrison, N.J.,
and Wayne W. Carter, Robert J. Mason,
and Dr. Manfred Weiss of Missile and
Surface Radar Division, Moorestown, N.J.
are recipients of the 1970 David Sarnoff
Outstanding Team Award in Engineering
. .. “for design, development, and con-
struction of highly successful major elec-
tronic systems for the Lunar Module.”

ratios. Applying a new principle—calied
negative electron affinity—which allows
much higher secondary emission and
photoemission in photo muitiplier dynode
sections, the group developed the new
materials technology required to incor-
porate this principle and then cooperated
with Electronic Components in Lancaster,
Pa., to develop the means for manufac-
turing the new tubes. Two tube types—
RCA 8850 and RCA 8851—are already
commercially available, and approxi-
mately twenty five new tube types have
been developed. it is estimated that this
new line of photomultipliers will fead to
approximately $2 million in new business
for 1970 alone. In addition, the improved
tubes are no more costly to manufacture
than previous photomultipliers—provid-
ing substantial profit increases.

Messrs. Burmeister, Burri, Carter, Hart-
shorne, Kurina, Mason, Morley, Napo-
leon, Slade, Wern, and Wooten and Dr.
Weiss developed and implemented the
Lunar Module electronic systems, which
performed flawlessly during the lunar
landings and rendezvous of Apollo XI
and Xll. The ability of the equipment to
meet the stringent performance and re-
liability requirements in a space environ-
ment was fully demonstrated in advance
of the actual manned lunar mission. This
effort, which took more than seven years
and involved over $250 million worth of
delivered equipment, consisted of four
general tasks: 1) system development
and mission analyses in which RCA par-
ticipated with Grumman and NASA to
determine the design of the overall mis-
sion, the hardware system parameters,
and the manual and backup modes of
operation; 2) development of the radar
that provided precise direction, distance,
and rate-of-change information during
the critical rendezvous operation of the
Lunar Module and Command Module; 3)
development of the attitude and transla-
tion control assembly (ATCA) and the
descent engine control assembly (DECA)
which provided accurate attitude and
position information to the Lunar Module
and 4) development of the communica-
tions subsystem which provided the sole
radio link between the Lunar Module and
the earth while the Lunar Module was in
flight and on the lunar surface. RCA’s
total participation in this program was
characterized by a high level of inter-
divisional cooperation, individual tech-
nical excellence, and a sense of
dedication to the overall mission goals.
The successful culmination of these ef-
forts was witnessed by more people than
any other single event in history.
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Two-color alphanumeric

display

K. C. Adam

A two-color alphanumeric display has been developed by the Electromagnetic and
Aviation Systems Division, using a proprietary cathode ray tube with two layers of
phosphor (red and white) developed by RCA Lancaster. The primary design task
centered around the requirement to switch the CRT anode potential between 11kV and
16.5KV in 1.5 milliseconds. Secondary design tasks included switching the deflection
sensitivity and the focus voltage to compensate for the changing ultor voltage. Three
units were constructed which successfully demonstrated the capability and usefulness

of a two-color display.

ATHODE-RAY-TUBE DISPLAYS are

being used more frequently for
the man-machine interface in large
computer complexes. Such a display
can supply vast amounts of data to the
operator for his perusal and action. A
requirement for vivid, attention-getting
characteristics in certain portions of
the presented data has become evident.
Color has been used in the past for
coding purposes' and it is this method
of displaying certain alphanumeric in-
formation in contrasting colors that is
used by the two-color alphanumeric
display developed at EASD.

Former color alphanumeric displays
used the tri-color shadow-mask CRrT as
the output device and not only suffered
from poor resolution and character
quality, but had stringent static and
dynamic convergence requirements as
well. The development of the single-
gun, layered-phosphor cRT has dis-
posed of the convergence requirement
and made possible a brighter and
higher resolution display.

Layered phosphor CRT

Fig. 1 represents the important con-
struction and operating differences in
the layered-phosphor (or two-color-
type) crT. The phosphor is deposited
in separte layers, a layer for each color,
separated by a barrier. The color of
the light produced is a function of the
energy of the electron beam used to
excite the phosphor(s). Color switch-
ing is accomplished by changing the
screen voltage (thereby changing the
beam energy). For the lower anode
voltage condition, the electrons strike
the layer of phosphor closest to the
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gun causing it to emit light in its char-
acteristic color. The electrons do not,
however, have sufficient energy to pen-
etrate the barrier and reach the second
layer of phosphor which is deposited
next to the face plate. As the anode
voltage is increased, a point is reached
where some of the electrons have suf-
ficient energy to penetrate both the
first layer of phosphor and the barrier
and energize the second layer of phos-
phor, thus producing the second color.
It should be noted that this color
change or shift is continuous rather
than abrupt; that is, as the screen
voltage is increased, the color shifts
accordingly. The tube is usually oper-
ated in a switching mode; the screen
voltage is switched between two values
sufficiently large to allow for the color
differences to be easily distinguished.

Although the method of obtaining two
colors from the layered phosphor tube
may seem rather uncomplicated when
compared to the -shadow-mask tube,
other tube parameters are functions of
the anode voltage and must be mod-
ified for acceptable operation. Of
primary concern is the change in mag-
netic deflection sensitivity and focus
voltage.

The magnetic-deflection sensitivity
changes as the square root of the anode
voltage. For a two-to-one increase in
anode voltage, a 41% larger deflection
signal would be required if the page of
date being displayed is to remain uni-
form. The focusing voltage required
to maintain beam focus varies directly
(approximately) as the screen voltage.
A two-to-one increase in screen voltage
would, therefore, require a 100% in-
crease in focus voltage to maintain
beam focus.

K. C. Adam

Computer Systems Engineering

Electromagnetic and Aviation Systems Division
Van Nuys, Calif.

received the BS in Physics, with minors in Elec-
tronics and Mathematics from the University of
Missouri at Rolla in 1959. Since his graduation, he
has attended the University of California at Los
Angeles taking courses in computer programming,
transistor theory, and circuit analysis; he has also
attended various in-plant classes at RCA covering
integrated circuits and engineering mathematics.
Since joining RCA in June 1959, he has worked
in both the digital and analog fields. The analog
responsibilities included transistorized magnetic
deflection and electrostatic deflection circuitry
developed for a direct-view storage tube used in a
computer memory readout display for NASA's
Saturn Program. The digital responsibilities in-
cluded display equipment logic design for both
the Saturn Program and the Air Force's Ballistic
Missile Early Warning System Program. More re-
cently he has been responsible for the analog
design of an airborne display employing a muiti-
mode storage tube, for digital and analog design
of a color CRT alphanumeric display, and for
systems design involving military, ground based
radar displays. Mr. Adam is a member of the
Society for Information Display, Tau Beta Pi, and
Sigma Pi Sigma.

Other parameters which are related to
the screen voltage are the spot size and
brightness. The spot size is larger for
lower anode voltages so that a higher
resolution capability is available at
higher anode voltages. Light output
varies because of the difficulty in
matching phosphor color and effi-
ciency to the degree necessary to main-
tain a constant light output at different
energy levels. Consequently, the light
output at the higher screen voltage is
greater than at the lower screen voltage.

Initial evaluation

For the initial investigation of the two-
color crT as a display output device, a
prototype Model 70/752 Video Data
Terminal was used as a test bed. This
terminal is a self-contained unit using
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a delay-line memory and a monoscope
character generator and may be opet-
ated off-line without a processor. Data
input is made via a keyboard, and the
output display is 20 lines of 54 char-
acters each, refreshed at a 60-Hz rate.
The normal output device for the
Model 70/752 is a 12-inch rectangular
crt with a P4 phosphor, producing
single-color white characters approxi-
mately 0.14 inches high by 0.10 inches
wide. A type 7TP4 monitor kinescope
was modified at the Electronic Com-
ponents facility at Lancaster using
phosphors developed by the David
Sarnoff Research Laboratories and by
Electronic Components. Operation of
this tube was similar to the two-color
tube previously described, with green
being produced at 16kV pc and blue
at 20kV pc.

The simplest method of integrating
this tube into the Model 70/752 dis-
play and demonstrating two-color cap-
ability was to use a frame-sequential
system. Using this method, a green-
color frame was alternated with a blue-
color frame—each frame consisting of
10 lines of 54 characters each. The 10
lines of characters for each color oc-
cupied the same physical positions so
that the combined display consisted of
10 lines of 54 characters per line. Any
character position of a line was avail-
able for either a blue character or a
green character, with the refresh rate
remaining at 60-Hz. To effect this mode
of operation in the prototype display,
changes were made in the logic, de-
flection amplifiers, tickler amplifiers
(used for character generation), and
the high-voltage power supplies of the
Model 70/752. The most difficult of
these changes to implement was in
the high-voltage power supply area.
The Model 70/752 used a fixed screen
voltage of 12kV pc, while the blue/
green two-color CRT required a supply
with the capability of switching be-
tween 16kV and 20kV pc. Ideally, it
would be desirable to have the high
voltage switched as rapidly as possible.
For a frame-sequential system, high
voltage switching during vertical fly-
back would be satisfactory.

The vertical-retrace time required for
the prototype display was 130.2us. For
evaluation purposes, laboratory high-
voltage power supplies were used in
conjunction with a 6BK4 vacuum tube
as a high voltage switch. The char-

acteristics of the switch resulted in a
switching time of 1.8 ms from blue to
green and 5.1 ms from green to blue.
As a penalty for these long switching
times, only the last 8 lines of the green
field and the last 4 lines of the blue
field were usable.

Initial results

The results of this initial investigation
demonstrated the importance of color
as a means of encoding additional in-
formation for display on the CRT.
However, this feature would be more
pronounced, and perhaps more ap-
pealing to the operator if colors with
more separation than green and blue
were used. Red and white, for ex-
ample, would prove more satisfactory
and perform better as an “attention
getting” device in a display full of
data. Also, to provide a usable display
in a saleable configuration, the switch-
ing time would have to be improved
to make available all 10 lines of data,
and the necessary circuit changes
would have to be packaged in the final
unit.

Subsequent developments

As a subsequent development, three
Model 70/752 Video Data Terminals
were modified to display 540 charac-
ters with a two-color capability. The
12-inch rectangular crT normally em-
ployed in these production units was
modified by RCA Lancaster by re-
placing the P4 phosphor with red and
white two-color phosphors (Lancaster
presently designates this crt as RCA
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developmental type C24092). The re-
sulting two-color crT produced white
at an ultor voltage of 11.0kV pc and
red at an ultor voltage of 16.5kV pc.
Circuits were developed to switch the
ultor voltage between these two levels
and to switch the focus voltage be-
tween 2.4kV pc and 1.8kV bpc. Other
circuit changes were made to switch
the horizontal and vertical deflection
sensitivity, tickler sensitivity, and
video signal amplitude. Fig. 2 shows
a block diagram of the unit as modi-
fied.

Although the basic character timing of
the Model 70/752 was retained, i.e.
13.02 ps character and 10 character-
times for horizontal retrace, the delay-
line memory was changed from 16.7-
ms unit to a 10-ms unit. The logic was
modified to allow the red and white
data fields to alternately pass through
the delay line, with the red characters
being identified by the presence of the
format bit. The format bit is part of
the 10-bit character code in the stan-
dard Model 70/752 logic. This bit is,
in turn, used by the logic to control
gain and high voltage switching.

Data organized in this manner increases
the page-refresh time from 16.7 ms (60
Hz) to 20 ms (50 Hz) ; one-half of the
additional 3.3 ms was used at the end
of each color field to increase the ver-
tical retrace time (originally 130.2us)
by 1.65 ms. Thus, a total retrace time
of approximately 1.78 ms is available
for ultor voltage switching and stabili-
zation.

SINGLE ELECTRON GUN

LOW VOLTAGE
ELECTRON BEAM

Fig. 1i—Conventional two-color layered-phosphor CRT.
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Switching-regulator circuit -
As previously noted, the principal Sranae
technical problem was that of switch-
ing the ultor voltage between 11.0kV

pc and 16.5kV pc during the 1.78 ms 10 COLOR £ ToRER
vertical retrace. Fig. 3 represents a P ostion

compromise solution in that it is a orea

hybrid system employing both vacuum

tubes and transistors rather than being

entirely solid state. The unavailability

of transistors with Vg, ratings of sev- MK — TRV

eral thousand volts resulted in the ‘

use of the type 7235 vacuum tubes for SHTCAING REGULATOR SWITORING REQULATOR

voltage switching. This tube is rated FONER SUFRLY POER SURRLY

at 10kV pc maximum and, as used in T —_—

the circuit of Fig. 3, provides an active p— DELAY LiNE —

drive for both positive and negative POWER POWER

switching signals. This is important ki T e Rl EFLECTION
because both the tube capacitance of l—" - ‘—l

50 pF and the stabilization capacitance

of 250pF must be alternately charged . NG

and discharged by 5.5kV in the 1.78 - ‘
ms allocated. ioE0
A voltage switching signal derived e oriaRacTen o
from the format bit is applied to the VISEO TR i

positive input of the mMos FEr differ-

ential amplifier (A1) and after further Fig. 2—Simplified block diagram of the two-color display.
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Fig. 3—High-voltage switching for the two-color display.




Fig. 4—Two-color video data terminal.
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Fig. 5—Output of the two-color display.

amplification by the 40327 transistor is
~ used to drive the cathode of V2. The
40327 transistor switches approxi-
mately 45 volts under transient condi-
tions and the anode of V2 switches
from 3.0kV to 8.5kV. The 8-kV zener-
diode string (A4) translates this to the
desired output voltages of 11.0kV and
16.5 kV. While V2 is used to actively
remove charge from the load, V1 is
used to actively recharge the load ca-
pacitance to 16.5 kV and ultor voltage
switching is accomplished in 1.5 ms.
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DIVISION
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DIsS L ¥

Drive for V1 is obtained from the emit-
ter follower on A3 which derives its
supply voltage from a voltage tripler
operating off the floating filament sup-
ply for V1. In this fashion, it is pos-
sible to supply charging currents at
the high-output-voltage level without
requiring excessive currents be drawn
from the 17-kV pc power supply at the
low-output-voltage level. Finally, the
output voltage is sampled by the 237-
megohm feedback-resistor string and
used to drive the negative input of the

mos FET differential amplifier regula-
tor.

Resuits

Three two-color video data terminals
were constructed using the circuit
modifications previously described. An
enlarged rear cover was employed to
contain the bulky components com-
prising the high voltage power supply.
The unit was packaged as shown in
Fig. 4 with only this minor modifica-
tion to its external appearance. These
units functioned satisfactorily, and
have created considerable attention
wherever demonstrated. The 600,000
inches/second writing rate, which re-
sults from the use of the monoscope
character generator, limits the bright-
ness of the red characters to somewhat
less than optimum, however, they are
quite vivid in a room not brightly il-
luminated. Fig. 5 shows the two-color
output of the display.

Conclusions

The feasibility of a two-color display
is undeniable, and its merit under
certain circumstances is also unques-
tioned. Additional efforts to implement
such a display with graphic capabil-
ities would be well spent. Utilization
of such a machine might for example
encompass printed circuit layout with
one side of the board in one color,
and the opposite side in a second
color. Benefit would also accrue if
more than two colors could be gen-
erated.

The switching circuit and deflection-
gain-change circuits should be im-
proved, and transistorized if feasible.
A multiple-gun crr with the guns held
at different potentials would obviate
the requirement for voltage switching.
Such a study is in progress at the RCA
Laboratories, utilizing a partial de-
flection-yoke-shielding technique on
the lower-voltage guns to automati-
cally compensate for the increased de-
flection sensitivity.

While the layered-phosphor CRT is not
anticipated to replace the shadow-
mask crt for general use, the charac-
teristics are such as to assure it a place
for high resolution applications such
as high quality alphanumeric display
terminals.
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Character generators

R. C. Van den Heuvel

Character generators and their associated display circuits represent a vital link
between man and computer. However, the development of character generators is
lagging far behind the state-of-the-art of computers; as a result, the resources of
present-day computers are not yet fully utilized. This paper outlines some general
design problems and surveys the current state of development of character gener-
ators. It concludes with a description of two RCA-developed systems.

CHARACTER GENERATOR can be
A compared to a typewriter—both
are machines used to write. The type-
writer prints on a sheet of paper, and
the character generator “paints” on the
screen of a display crr. The major
difference is that the typewriter is a
mechanical (or electromechanical) de-
vice, limited in speed by the mechan-
ical moving parts; the character
generator, is electronic, capable of
writing up to a million characters/
second.

The crt display is analytic device in
that the illuminated spot can be in one
location at a time only. Thus, any
presentation on the screen must be
generated by moving the spot about—
much as a drawing is created by the
point of a pencil as it moves across a
sheet of paper. The spot can be moved
from one point of the screen to another
without leaving a visible trace by turn-
ing off the electron beam; this corre-
sponds to lifting the pencil away from
the paper. Like the hand guiding the
pencil, deflection circuits exhibit iner-
tia, and the accuracy depends on writ-
ing speed and transient characteristics.

Digital versus analog circuitry

Character generation in a computer
system involves a transition from dig-
itally- or incrementally-coded informa-
tion to analog or continuous pictorial
messages. The digital mode presents
few problems with precision; the con-
trary is true of analog circuits. On the
other hand, the generation of contin-
uous (smooth) functions is easy with
analog circuits but incompatible (by
definition) with digital circuits. As a
consequence, the success of a given
method of generating characters is a
complex function of the assignment of
digital and analog sub-circuits to the

Reprint RE-15-6-7
Final manuscript received January 12, 1970.

generation of precise and continuous
analog deflection waveforms.

Emphasis on analog circuits can lead
to overly critical circuits, subject to
cumulative errors (drift, lack of clo-
sure, etc.), while emphasis on digital
circuits can result in poor continuity.
Disturbances and discontinuities also
result from the need to reset and re-
program analog circuits, such as ramp
generators and integrators, during the
character generation cycle.

Character storage

A special memory circuit (usually a
local read-only memory) is used to
store the information needed to gen-
erate the characters. In simpler terms,
the character memory stores informa-
tion as to what the characters should
look like. The amount of data to be
stored is a function of the number and
complexity of the symbols to be gen-
erated. Memory capacity, in turn, has a
direct bearing on the cost of the char-
acter generator, and often constitutes
the major part of that cost. Another
element which strongly influences the
type, criticality, and cost of the mem-
ory is the data rate from the memory
to the rest of the generator circuits.
Finally, the ease with which the mem-
ory can be modified or expanded is an
important consideration.

Cross-coupling problems

“At high generation speeds, signal paths
play an important role in preventing
unwanted signal components from
reaching the output of the generator.
Digital signals and their derived tran-
sients too often contaminate the analog
output of character generators, caus-
ing “wiggles,” “hooks” and other dis-
turbances to occur in the line segments
that compose the characters. The prop-
agation of unwanted signals takes
place mostly in the power distribution
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and ground return busses. In particu-
lar, a solid, unified ground reference in
the analog portion of the circuit is a
must. Special problems are also due
to arise when analog signals must be
generated in the memory itself, or in
remote areas of the generator. Analog
signal wires act as antennas and pick
up ambient noise.

Human factors

Perhaps the most significant factor to
consider is the operator. His reaction
to what he sees on the screen is the
end result. In evaluating the quality of
the characters, one must not only con-
sider their legibility, but also their
psychological effects. Little is known
as to how the brain recognizes written
patterns, and the effects of font (or
style), flicker, color, and background
are difficult to determine. Since char-
acter font as well as the total number
of characters to be generated have a
direct impact on required memory
capacity and generator cost, the end
product invariably involves a hazard-
ous tradeoff between cost and func-
tional aesthetics.

A common pitfall is to neglect or un-
derestimate symbol degradation orig-
inating in the electronic circuits. The
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human operator (especially the un-
trained variety) is quick to react to the
slightest distortion and cannot always
be reconciled with such accidental ef-
fects as variations in brightness, wavy
lines, inability to close such symbols
as B, O, 8, etc., or failure to effect a
smooth yet well-defined transition
from one line segment to the next.

Types of character generators

Character or symbol generators exist
in many types and categories which
can be differentiated according to
method of generation, symbol memory,
style or aspect of the generated sym-
bols, reliability, speed and efficiency of
the circuits, versatility, and cost. Typi-
cal generators include the monoscope
symbol generator, the dot writer, the
lissajous generator, and the stroke
writer.

Monoscope symbol generators

The monoscope symbol generator is,
in effect, a modified, closed-circuit
television system. The camera tube
(Fig. 1) is known as a monoscope be-
cause the target (screen) image never
changes. That image consists of an
array of all the symbols required and
is printed or etched on the target. To
generate a symbol on the screen of the
main display CRT, a scanning raster
similar to that used in conventional
television, but of smaller size, is used
to explore an area corresponding to the
size of a symbol—both on the main
CRT screen and the monoscope target.
The raster scan used on the main crRT
screen is synchronous to, and exactly
duplicates, the one used on the mono-
scope target. However, the gross posi-
tioning of the raster on the main crT
display screen corresponds to the loca-
tion where a symbol is to appear;
while on the monoscope target, it cor-
responds to the location of the symbol
to be generated. Whenever the mono-
scope cathode-ray beam sweeps across
a symbol element (that is, line portion,
etc.), on the target, an intensifying
video signal is generated and applied
to the main cRrT electron gun, which
paints a bright dot or line at the corre-
sponding location on the main display
screen. As a result, a faithful rendition
of the selected symbol, as inscribed on
the monoscope target, appears at the
chosen location on the cRT screen.

The monoscope symbol generator is
relatively simple and inexpensive,

hence its popularity. The symbols gen-
erated are not limited in style and have
a very pleasing aspect (Fig. 2). On the
other hand, the scanning feature makes
high-speed scanning deflection and
very high-speed video circuits manda-
tory. The efficiency of the system is low
in terms of the time spent writing
versus time spent scanning. The use of
a monoscope tube greatly simplifies the
selection circuitry and takes care of all
symbol memory requirements since the
memory is embodied in the high-reso-
Jution, two-dimensional, and perma-
nently-inscribed image on the target.
Perhaps the greatest shortcoming of
the monoscope symbol writer stems
from the use of a monoscope camera
tube, which is fragile, has a limited
lifetime, and is subject to drift and
structural changes.

The electrical output of the monoscope
tube consists of a rapid succession of
oN and orF video voltages. The same
video pulse sequence can be generated
by digital circuits, as is the case in the
solid-state monoscope and the digi-
tally-generated-video (pGv) generator.
The difficulty rests mostly with the
relatively large-capacity, high data
rates and critical timing associated
with the digital memory.

The solid-state monoscope uses the
same scan pattern on the main display
screen as its camera-tube counterpart.
The pGv generator is intended for use
with television monitors and the scan
pattern on the display screen is iden-
tical to that used in standard broadcast
television. The problems associated
with the solid-state monoscope are due
to the unusually wide video bandwidth
requirements, the critical timing of the
video bursts, and the non-linear ver-
tical scan function (sinewave).

In the pev, slower digital circuits can
be used, but extensive additional buf-
fering is required at the output of the
generator Because the generation se-
quence is not such that symbols are
generated one after the other in se-
quence. Each horizontal scan spans the
whole display screen in one continuous
sweep and paints a portion of each
symbol in a given line of text. Thus
video information pertaining to a full
line of text must be held in output buf-
fers until symbol generation can begin.
The aspect of the symbols generated
by the pev (Fig. 3) and the solid-state
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Fig. 1—In the external view on the left, the circui_t.board on
top of the monoscope tube is the video pre-amplifier; to the
right is the internal structure including socket, deflection

plates, character stencil (target), and signal electrode.

monoscope (Fig. 4) lacks the smooth-
ness of the monoscope-generated sym-
bols. The illuminated cross-hatched
pattern within the structure of a sym-
bol appears as definite, distinct line
segments, and the character font must
usually be modified to compensate for
the loss in legibility.

Dot writer

The dot writer is a symbol generator
in which the major emphasis is on
digital circuits. Here, symbols appear
to be drawn with dotted lines (see
Fig. 5). This effect is obtained by in-
tensifying a number of dots within a
rectangular array of typically 35 dots
(5 dots wide x 7 dots high). To gener-
ate a given symbol, the electron beam
of the display crr is positioned succes-
sively in each of the 35 locations cor-
responding to a single symbol area at
the desired display-screen location. At
the same time, the video circuits of the
symbol generator cause an intensifying
signal to be applied to the grid of the
display crT whenever the spot loca-
tion corresponds to an element of the
symbol to be generated. The use of
digital circuitry makes it possible to
use standard, uncritical solid-state cir-
cuits. There is some restriction on the
quality, style, or aspect of the gen-
erated symbols, depending on the num-
ber of available dot locations—which
is to say that symbol quality remains
marginal where cost, speed, and ef-
ficiency are important considerations.
One variation from the above method
includes a version where only the il-
luminated dots are generated. Here, a
lower number of dots is used for every
symbol. In all cases, each dot corre-
sponds to a switching operation: a
jump in both x and y crT inputs and a
memory location.
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Fig. 3—Digitally-generated video (DGV) symbols as typically
generated on a TV screen. White characters on a black
background can also be produced.

Fig. 2—Monoscope-generated symbols. Portions of typical presentation on display
screen. RCA 70/752 Videc Data Terminal).

Lissajous generator

In some symbol generators, which use
both digital and analog circuits, mem-
ory locations correspond to a great
variety of straight or curved line seg-
ments. As a result, memory require-
ments can be reduced and generation
speeds increased for a given symbol
quality. A typical embodiment is
known as the lissajous symbol gene-
rator. By combining the outputs of a
number of analog circuits (mostly
ramp generators, integrators, oscilla-

tors, and gating circuits) a great vari- ~

ety of curvilinear shapes can be
obtained. However, the critical timing
and phasing of the various circuits
result in complex switching require-
ments. The difficulty of changing the
numerous time constants and periods
of oscillation makes it complicated, if
not impractical, to contemplate vari-
able generation speeds. Finally, the
style or aspect of the generated sym-
bols is strongly influenced by the na-
ture of the analog circuits. Typical of

this problem could be the restriction to
more or less standard circular or el-
lipsoidal curves, resulting in uncon-
trollable stylizing effects.

Stroke writer

A compromise measure—where the
advantage of reduced memory require-
ments is in great part retained and
circuit flexibility enhanced—consists
of using only interconnected, straight-
line segments to compose the various
symbols. The resulting symbol gen-
erator is a stroke writer (Fig. 6). An
economical way of building a stroke
writer consists of generating the same
deflection waveform for all symbols.
To this end, a single basic symbol is
generated which contains all the line
segments encountered in the symbols
of the whole symbol repertoire (the
same idea was previously exploited in
the Nixie tube). When a given symbol
is generated, the crT spot follows the
same standard path as for all other
symbols (sometimes referred to as a
“track”) but the video is turned on
only when painting a line segment en-
countered in the intended symbol (Fig.
7). The memory must store only a sim-
plified sequence of video pulses for
each symbol; hence the low cost of the
generator. The simplified stroke-writer
just described is characterized by pro-
nounced stylizing effects and rather
unsatisfactory characters. The human
engineering factors involved will pre-
vent its wide acceptance by the public.

EASD-built displays

The Electromagnetic and Aviation Sys-
tems Division has traditionally relied
on the monoscope character generator
in its display product line. Where
many display manufacturers have had
problems with character generation,
RCA has consistently maintained high

Fig. 4—Unretouched photograph of characters and symbols as gener-
ated by the prototype solid-state monoscope; the minor “glitches” are
due to distortion in the vertical scan sine-wave and can be eliminated.

quality characters and the display ter-
minals are well received by industry.

The most recent monoscope character
generator belongs to the Modular Dis-
play System. Character time is 7.5 ps;
total repertoire is 96 characters (upper
and lower case alphabet, plus numerals
and miscellaneous symbols; see Fig 8).
As a consequence, it represents prob-
ably the most advanced monoscope
character generator of its kind on the
market. But such performance does not
come easily. The specifications of the
various circuits and sub-assemblies
speak for themselves:

1) The monoscope camera tube has
closely controlled horizontal and verti-
cal deflection gains; horizontal and ver-
tical deflection linearity must be in the
neighborhood of 0.1%. Also, the mono-
scope tube is fragile and has a limited
lifetime. Periodic adjustments must be
done to the deflection and centering
controls because of drift in the mechan-
ical structure.

2) The deflection amplifiers for the
monoscope (one for the x and one for
the y axis) are known as (character)
selection amplifiers and must be accu-
rate to 0.1% also. Risetime is on the
order of 200us, and slew rate on the
order of 100 volts/us when driving a
50pF load. The amplifier is allowed a
maximum time of 1.3us to deflect the
monoscope electron beam from the tar-
get location of the previous character
to the location of the new character to
be generated.

3) The monoscope target accelerating

potential is 1.8kV. Accumulated drift

and ripple deviations must not exceed
+0.4%.

4) The video pre-amplifier has a typical

gain of 60 dB and a bandwidth of

40MHz (high resolution 1v is 35MHz).

5) The monoscope character generator
features some 12 potentiometer adjust-
ments and is expensive to maintain
because of the need for semi-periodic
maintenance by qualified service-men.
Subassemblies, such as, monoscope
tubes, high voltage power supplies, and
deflection amplifiers are difficult to
specify, procure, repair, and retrofit.




Fig. 5—Dot-generator symbols; a simulated
presentation. This font was featured in the
CC-30 system demonstrated by Computer
Communications Corp. around 1966.

Alpha-Numeric
Characters

12343567890

Fig. 6—Unretouched photo of alphanu-
meric symbols generated by prototype
stroke writer. Differences in stroke width
and intensity are due to lack of video
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Because of the shortcomings and prob-
lems associated with the monoscope
character generator, and because of the
increasing need for faster and all-solid-
state character generators in some
applications, the stroke writer is begin-
ning to receive increasing attention.
Recently, new vector and stroke gen-
eration analog circuits have come of
age at EASD which are capable of high
speed, high quality performance. The
latest among these circuits is the
interpolating stroke writer. The inter-
polating generator uses a standard dig-
ital-to-analog (D/A) converter where
the digital selection circuits have been
replaced by special ramp generators.
This is simple to implement with
standard hardware, works well at high
speeds, and offers good control over
linearity and transitions between vec-
tors. Cumulative errors are minimized
and are resolved at the end of each
single stroke.

A typical stroke writer capable of
generating a total of 64 characters and
symbols (as shown in Fig. 7) can be
built for approximately the same cost
of components as the monoscope chat-
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splay screen.

acter generator now used in the Modu-
lar Display System.

The high-speed interpolating circuits
can be modified for the “Curviline”
option as well as for constant speed
of writing. The memory configuration
takes full advantage of hybrid circuit
technology to the extent that memory
cost, per character or symbol, is now
estimated at 40 cents or less (minus
decoders and buffers). Because the
selector (i. e., interpolating) circuits
and the sense or summing amplifiers
are used repetitively in great numbers,
a long-range effort to produce the 1c
version of these circuits will further
enhance the prospect of inexpen-
sive, standard, solid-state character-
generator sub-circuits. The specifica-
tions of the present stroke writer are

Total symbol time
3us (max.) at the highest speed.

Strokes
16 max.

Symbol repertoire
64 alphanumeric and special symbols; easily
modified, easily increased.

Font and special symbols
No limitation except that beginning and
end points of component strokes must be
located on (any) inter-section of an m x n
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Conclusion

Character generation will have a long
development future, because the fun-
damenta] requirements of data trans-
fgr, function generation, memory and
dlsplgy media are still difficult to define
and integrate. As the necessary under-
§tand1ng and techniques evolve,
mereasingly simple and standard pro-
cedures will be available, The first
step will be a transition to all-solid-
state circuits. This will be followed by
the evolution of universal memory
and function generation circuis.
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Graphic displays

G. P. Benedict | R. H. Norwalt

The Electromagnetic and Aviation Systems Division has developed a low-cost display
that represents a significant advance in the field of computer graphics. Past systems
have been limited either by their reliance on the computer interface and the large
amount of software support needed or by their reliance on high-cost complex hard-
ware to provide a functional capability. The RCA-developed system uses proven,
low-cost techniques to provide the high degree of interactive capability without
requiring that the computer input/output channels be dedicated to the display.

URRENT TRENDS in computer

graphic displays have moved in
two, essentially different, directions.
One approach has been to develop
display systems which possess exten-
sive capabilities in the area of off-line
composition and editing of graphic and
alphanumeric information. This type
of system, although functionally attrac-
tive, has not received popular market
acceptance because of the complexity
of the hardware and the correspond-
ingly high production costs. The other,
and most popular approach, has re-
sulted in the development of systems
which are basically software oriented.
These systems contain comparatively
little hardware and can therefore be
marketed at a significantly reduced
price, e.g., $8,000 to $15,000. These
systems, however, have functional dis-
advantages which limit their versatility
and general capability, thus limiting
the effectiveness of operator/computer
communications. In addition, although
they maintain minimum hardware
costs, systems of this latter type have a
significant cost impact on the software
and computer time involved.

Disadvantages of present displays

Low cost, software-oriented graphic
displays currently available are usually
provided with either a storage-type
crT, thus eliminating the need for
refresh of the displayed data, or they
require that the central processor pro-
vide refresh over an input/output
(1/0) channel. The inherent disadvan-
tages of such systems are:

1) The type of storage tube currently
used in this type of display has the
disadvantage of low light output and
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low contrast ratio, thus restricting the
user to low-ambient-light environments.

2) The relatively slow reaction time
and transient display effects associated
with changing or updating the dis-
played image on a storage tube of this
type are relatively displeasing to the
eye; thus, the application of such a
display to future situations (in which
rapidly changing or dynamic data con-
ditions may exist) could be rather
undesirable. In addition, “selective up-
date” (i.e., selective erasure-and write)
cannot be accomplished on these stor-
age tubes. Old data cannot be removed
or repositioned without erasing the
entire screen.

3) Storage tube displays are not capa-
ble of maintaining a static presentation
for any extended period of time with-
out “fading.” Repetitive message trans-
missions are therefore required from
the computer at specified intervals
when static display conditions exist.

4) Those systems which do not contain
storage tubes or local memories and
are refreshed from the computer have
the obvious disadvantage of requiring
that one 1/0 channel and a portion of
computer memory be totally committed
to the display interface. This results in
inefficient communication, inefficient
utilization of computer time, and ren-
ders the 1/0 channel useless for other
devices.

5) None of the display systems under
discussion provides the operator with
an effective means of composing and
editing graphic information off-line.
This places the control of interactive
graphic communication with the com-

_~ puter rather than with the operator,

thus either limiting the display to those
applications in which the role of the
operator is essentially passive, or else
requiring that a costly amount of com-
plex software be generated to achieve
the level of interactive communication
required.

Future requirements

Future displays will have increasingly
greater functional capabilities for more
diverse and complex applications than
currently exist, e.g., animation, figure
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analysis, three-dimensional projec-
tions, functions for drawing with topo-
logical restraints, etc. This will, in
turn, require that the operator be given
the means for rapidly converting ideas
into visual objects which can be modi-
fied, repeated, expanded or contracted,
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developed in three-dimensions,
rotated, and otherwise subjected to
precise computational analysis, There-
fore, the most effective approach to
computer graphics should be one in
which control of the display/computer
communications link is given to the
operator, who can then define his
data, command the operations to be
performed, and interpret the results
of such operations.

These requirements point to the need
for a completely self-contained system
which, while providing the operator
with an effective means of composing
and editing graphic and alphanumeric
information, can be manufactured at a
cost that is attractive to a large per-
centage of the display market. The

Fig. 1—RCA alphanumeric/gaphic display
system. -

system described in this article, which
was developed and produced on a
recent IR&D program, provides the
basic groundwork for filling this need,
and, as such, represents a significant
advance in the field of computer
graphics.

Basic design philosophy

To develop a low-cost system with
extensive off-line compose and edit
capabilities, the primary design efforts
must necessarily be focused on the
major cost items of the system, i..,
the character generator, vector/circle
generator, deflection electronics, and
the system logic. In addition, the cost
and performance of each subassembly
must be evaluated before the optimum
design approaches can be determined.

For optimum character quality and
resolution at minimum cost, a mono-
scope character generator was chosen
as the best approach. In addition to
the hardware savings inherent in this
type of system, many of the necessary
components, such as the selection
amplifiers and monoscope, were read-
ily available from other production
systems. -~

The hardware complexity of the ana-
log circuitry, especially in the area of
the vector/circle generator, was of
prime importance in reducing system
costs. For this reason, the more sophis-
ticated techniques of implementing
vector operation (i.e., “constant veloc-
ity” systems, etc.) were rejected in
favor of a “constant time” system.
Although this type of approach re-
quires a small amount of additional
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Fig. 2—Viewer screen showing a typical display.

hardware for Z-axis compensation, the
net simplification in circuitry resulted
in lower hardware costs than other-
wise could have been achieved.

To conserve power, and thus limit the
cost and physical size of the low volt-
age power supplies and deflection sys-
tem, the design limit of the deflection
amplifiers were selected for half-axis
operation only; i.e., the longest vector
that can be generated without degra-
dation of image quality should not
exceed one-half the width or height of
the viewing area. The remainder of
the system, however, was designed
with full-axis capability so that future
expansion could be readily accommo-
dated.

The mechanical design (packaging)
and fabrication costs of the viewer
unit were minimized by utilizing as
many existing subassemblies as pos-
sible. These included the 12-inch crr,
monoscope, high voltage power sup-
ply, video-driver and tickler modules
from a Model 70/752 Video Data Fer-
minal, and the video preamplifier and
character selection amplifiers from a
Model 70/756 VDG system (Modular-
Display Character Generator).
Although most of the circuit-board
assemblies required some degree of
modification before being incorporated
into the system, the basic design and
hardware configurations remained vir-
tually unchanged.

Two important design considerations
were the selection of the refresh mem-
ory and the methods of implementing
each of the logic functions of the sys-
tem. A 2048-by-8 core memory was
selected on the basis that

1) It is rugged and able to withstand
the environmental conditions specified
for most military equipment;
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Fig. 3—S8implified block diagram of the horizontal vector

generator.

2) It provides the capability of high-
speed random access, thus alleviating
some of the constraints which are im-
posed on the system by delay-line mem-
ories; and

3) It provides greater flexibility in the
design of the 1/0 logic in that either
parallel high speed or serial EIA-type
interface structures can be provided
without extensive logic modifications or
resdesign.

Economical implementation of the sys-
tem logic was accomplished by

1) Using the same integrated circuits
as in standard production line systems
wherever possible

2) Minimizing the total quantity of
required 1¢’s through judicious integra-
tion of system functions; and

3) Limiting the number of off-line func-
tions in accordance with the cost goals
of the system.

Alphanumeric/graphic display
system

The alphanumeric/graphic display sys-
tem (developed by EASD) is a stand-

Table I—Functional control keys available to
the operator of the alphanumeric/
graphic display system

Operational mode

Function keys

TEXT or RANDOM/
ALPHANUMERIC

SCREEN ERASE
LINE ERASE
CHARACTER ERASE
CURSOR RETURN
CARRIAGE RETURN
CURSOR ADVANCE
CURSOR BACKSPACE
CURSOR RESET
DATA INSERT

ENTER }graphic execute

RANDOM/VECTOR and

RANDOM/CIRCLE (for
graphic
composition)

€
BLANK keys

INCREASE
circle-size keys
DECREASE

Light-pen operation  BLINK TRANSMIT
RELOCATE
BLINK RESET

BLINK ERASE

alone display unit which provides the
operator with the capability of com-
posing and editing text and graphic
information off-line from the com-
puter, transmitting this information to
the computer, and exchanging and
processing information on an interac-
tive basis (see Figs. 1 and 2).

The system is comprised of basically
three separate assemblies: the viewer,
the cabinet or console assembly, and
the keyboard. The viewer unit is a
modified Model 70/752 VDT chassis
and cabinet which contains a 12-inch,
70° crt and yoke assembly; a high-
voltage power supply; horizontal and
vertical deflection amplifiers; tickler
coil driver; a video chain with all asso-
ciated pre-amplifier, driver, and Z-axis
intensity compensation circuitry; a
monoscope character generator and
associated selection amplifiers; a vec-
tor generator; circle generator; and all
of the required blanking, delay, and
synchronization circuits. The crr, high
voltage power supply, tickler coil
driver, video pre-amplifier and mono-
scope, video driver, and selection
amplifier assemblies are packaged in
the conventional manner as they are
in the Model 70/752 Display System.

The remaining circuitry, which consti-
tutes the heart of the analog system,
is contained in a six-card analog nest
located in the top rear corner of the
viewer. The logic cards for the system
were packaged in the lower cabinet
or console assembly.

The lower cabinet or console assembly
is a standard 30-inch high BUD cabi-
net with an attached shelf. It contains
an 18-card logic nest, a 4096-by-8 core
memory (only half of which is utilized
by the system), a light-pen amplifier
module, and two low-voltage power
_supply racks. The top of the cabinet,
in conjunction with the extended shelf,
serves as supporting surfaces for the
viewer and keyboard assemblies.

The keyboard assembly contains all
the controls and indicators necessary
to the operation of the system except
those associated with the alignment of
the viewer. It contains a conventional
4-row alphanumeric keyboard which
is used to generate Ascit data charac-
ters; a graphic function key assembly

which provides the necessary mode,
execute, operational, and position con-
trols required for operation in the
RaNDOM mode; TRANSMIT, RECEIVE,
PARITY, and OVERFLOW indicators; a
function-switch interface module; and
a keyboard interface module. Two
connectors are provided at the rear
of the unit for interface signals and
power.

System operation

The system operates off-line in either
of two major modes; the TextT mode
or the RanpoM mode. In the TExT
mode, the operator, using the standard
alphanumeric keyboard, can compose
text information in a 56-character/line,
32-line, page format (1792 total char-
acters). A total of 64 different upper-
case characters and symbols may be
entered in this mode. In the RANDOM
mode, the operator has the capability
of composing vectors and circles as
well as alphanumeric information
through the use of the appropriate
graphic control keys, three RanDoM
sub-mode keys and the alphanumeric
keyboard. Approximately 448 vectors,
61 circles, 1792 characters, or any
combination thereof can be entered on
the display when the system is in the
Ranpom mode. Information entered
in either the TExT or RANDOM mode
is displayed on a viewing area measur-
ing 6 inches wide by 6 inches high.

A pointer-type light pen is provided
which enables the operator to “hook”

or identify any elements displayed on

the screen. When an element has been
“hooked,” it is identified in memory
by setting the appropriate bit. In addi-
tion, any element or elements which
have been “hooked” are made to blink
at a 15-cycle rate to enable identifica-
tion by the operator. Once an element
has been identified, it can be manipu-
lated by the use of the various func-
tion keys that are provided. These
keys enable the operator to reset the
blinking element, selectively transmit
information associated with it to the
computer, relocate it to another posi-
tion on the screen, or erase it. If more
than one element has been “hooked,”
depression of the appropriate function
key will either simultaneously or




séqﬁenﬁally affect all the blinking ele-

_ ments. The functional controls avail-

_able to the operator through the
_keyboard are given by Table I.

A GRAPHIC TEST key is provided
which, when held depressed, enables
the operator to observe all graphic
data’ (blanked or unblanked) which
have been entered in memory. In addi-
tion, the last 30% of each vector is
made to blink at a 15-cycle rate so
that the operator can also determine
in' what sequence and in which direc-
tion each vector was entered.

- Transmission of all displayed data is
" accomplished by depressing the xmIT
key located on the alphanumeric key-
board. This key is active in both the
TexT and RANDOM modes. A PROCES-
SOR OVERRIDE switch is also provided
which locks out arbitrary interrup-
tions from the computer.

Graphic generation is accomplished in
the RaNDOM/VECTOR and RANDOM/
cIRCLE modes. When the system is in
either of these two modes, positional
information is indicated in the follow-
ing manner:

In the RANDOM/VECTOR mode, a mov-
able displayed (dashed) vector which
emanates from the last X-Y coordinate
entered in memory provides the opera-
tor with location information. One end-
point of the vector is fixed at the point
last entered in memory, and the other
end-point moves at a fixed rate in
response to the 4-key position control.
This vector is called the “positional”
vector. Once the positional vector is
moved to the desired location, it is
“fixed” and either blanked or unblank-
ed with the appropriate graphic exe-
cute key (BLANK Or ENTER).

In the RANDOM/CIRCLE mode, a dis-
played (dashed) positional circle,
which moves at a fixed rate in response
to the 4-key position control, provides
the operator with position information.
The radius of this circle can be con-
trolled by the operator with the use of
the two circle-size keys. The INCREASE
key increases the radius of the circle
at a fixed rate when held depressed;
the DECREASE key decreases the radius
of the circle at the same rate when held
depressed. Once the circle is positioned
at the desired location, it is “fixed”
with the ENTER execute key. The BLANK
execute key is disabled when the sys-
tem is in the RANDOM/CIRCLE mode.

For generating vector information, the
6X6-in. viewing area is divided into
128 X-axis by 128 Y-axis position
grids. The electron beam can be posi-
tioned at any point on this grid sys-
tem, and straight line vectors can be
drawn between any two grid points
which are no farther apart than 1%
axis vertically, V5 axis horizontally, or
15 diagonal. Position information is
controlled by data in memory. This
information specifies electron beam
deflection to X-Y coordinates on the
square grid system. Each grid point
is uniquely defined by a 14-bit code
(7 bits for X and 7 bits for Y). Beam
deflection is always from the previ-
ously addressed coordinates to the new
coordinates. In this manner, vectors
are drawn in a “chain” fashion; i.e.,
each movement of the beam will neces-
sarily result in the generation of a
vector. Provisions are made, however,
so that any one or more vectors may
be blanked. Each vector, no matter
what its length, is drawn in approxi-
mately 30 us.

Vector generation

A simplified block diagram of the hori-
zontal (X portion) of the vector gen-
erator is shown in Fig. 3; the Y portion
is identical. The vector generator em-
ploys a to-from DACON scheme which
always retains the last X-Y coordinate
received from memory. The {0 DACONS
are driven from registers in the logic
nest which contain the new X-Y beam
coordinates to which the beam will
move. This information is transferred
at the beginning of each vector period.
The from pacoNs are driven from reg-
isters which contain the existing X-Y
beam coordinates. This information is
transferred at the end of each vector
period. It is important to note that the
from coordinates, which are trans-
ferred to the from DACONS at the end
of a vector period, are identical to the
to coordinates which were transferred
to the to DACONS at the beginning of the
vector period. The outputs of the from
DACONS therefore represent the refer-
ence point from which the beam will
move during the current vector period.
The outputs of the o and from pACONS
are algebraically added to obtain the
deflection distance and are fed into an
integrator which generates the appro-
priate ramp voltage. This ramp volt-
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Fig. 4—Simplified block diagram of the circle generator.

age, in conjunction with the output
of the from pAcoN, is fed into a sum-
ming amplifier, which then provides
the resulting composite signal to the
deflection amplifier. The two addi-
tional inputs shown on the horizontal
summing amplifier are used to accept
signals from the circle generator and
text mode ramp generator.

Circle generation

The block diagram (Fig. 4) illustrates
the principle of operation of the ¢ircle
generator. First, a vector (blanked or
unblanked) is generated at the desired
center point. This can be any point on
the 128x128 grid system. The radius
of the circle, in digital form, is then
transferred from the logic to the radius
DACON associated with the circle gen-
erator. The radius DACON, in conjunc-
tion with the circle generator, then
provides a voltage step (whose ampli-
tude is consistent with the radius of
the circle to be drawn) to the horizon-
tal summing amplifier, thus .causing
the beam (which is blanked during
this time) to move to the periphery
of the circle. After the appropriate
settling time has elapsed, the circle
generator, which consists of two inte-
grators and an inverter connected in
a ring to form a sine/cosine oscillator,
is enabled. The resulting cosine signal
is transferred to the horizontal sum-
ming amplifier while the sine signal
is transferred to the vertical summing
amplifier. The beam is then unblanked,
and the outputs of the summing ampli-
fiers are transmitted to the horizontal
and vertical deflection amplifiers, caus-

V SINWT
TO VERTICAL
SUMMING AMP

COSWT
TO HORIZONTAL
SUMMING AMP

61



62

ing the beam to move in a counter-
clockwise direction. Upon returning to
its original starting position on the
circumference, the beam is blanked,
the radius information from the logic
is reset to zero, and the integrators are
collapsed. The beam then returns to
the center point of the circle, settles,
and is ready to move again in accord-
ance with the next positioning order
from the logic.

The system timing is such that circle
and vector generation periods are inte-
gral multiples of a character period.
One character time is equal to 7.52 us.
One vector time is equal to four char-
acter times or 30.08 us. The time
allowed for traversing the circumfer-
ence of a circle is equal to six vector
times, or 180.48 us. One vector time is
allowed for the beam to travel from
the center point to the periphery of a
circle. This therefore limits the maxi-
mum radius of any circle to 14 the
width of the viewing area (3 inches).

Character generation

The character generator converts digi-
tal data received from display memory
into the video signals required for
character display on the face of the
crT. The character generator employs
a high quality monoscope identical
to the type used in the Model 70/752
Display System. The monoscope sten-
cil, in conjunction with the character
selection amplifiers, provides the capa-
bility of selecting up to 64 different
alphanumeric characters and symbols.
To accommodate the relatively higher
character rate associated with this sys-
tem, slightly modified versions of the
high speed selection amplifiers used
in the modular display system were
employed.

With the exception of the technique
used for deflecting the main crT beam
when generating text information, the
character generation scheme employed
in this system is quite conventional.
Main beam deflection in the horizontal
direction is accomplished by providing
an appropriate ramp signal to the hori-
zontal summing amplifier. This signal
is generated by the text-mode ramp
generator located in the analog nest.
Vertical deflection, however, is accom-
plished by decrementing the input to

the from Y pAcoN by four counts at
the end of each line of text. Vertical
spacing of the lines is therefore directly
related to the graphic grid system.
Horizontal spacing of the characters,
however, is not necessarily related to
the grid system since the text-mode
ramp generator is independent of the
vector generator functions.

Data Transfer

The transfer of data between the
alphanumeric/graphic display system
and a remote processor is accom-
plished using voice-grade facilities ter-
minating in a Bell System 202C or
202D data set.”

The alphanumeric/graphic interface
operates in a bit-serial, half-duplex
mode at a transmission rate of 120
10-bit characters/second. Each 10-bit
character consists of a start bit, seven
data bits, one parity bit, and a stop
bit. No provisions for automatic dial-
ing or unattended operation over the
dialed voice network are included in
this unit.

Character transmission is in the form
of eight-bit bytes; i.e., seven data bits
denoting the character code and one
parity bit. Transmission of graphic
information, however, is in the form
of four 8-bit bytes. Normal transmis-
sion begins with the first address in
memory. If transmission is initiated
while the system is in the TEXT mode,
transmission will continue until the
first ETX that has been entered in mem-
ory is reached. If no ETX codes exist,
transmission will continue until the
entire content of display memory
(except NULLS) is transferred to the
computer. If the system is in the
RaNDOM mode when transmission is
initiated, transmission will continue
_until 1) the first ETX code is reached,
2) the first NULL character in memory
is reached, or 3) if no ETX codes or
NULLS exist, transmission will con-
tinue until the entire content of display
memory is transmitted to the com-
puter. “Blink transmission” is accom-
plished by depressing the BLINK XxMiT
key located on the keyboard assembly.
When this is done, an appropriate con-
trol code is transmitted to the com-
puter followed by the memory location
and all other data necessary to describe

the blinking element (character code,
X-Y coordinates, circle radius, etc.).
If more than one blinking element
exists on the display, they are all trans-
mitted in the same sequence in which
they were entered in memory.

When a received message is headed
with an stx (indicating TExT-mode
data) under normal operation, all
subsequent data will be sequentially
stored in memory, beginning with the
first memory location, and will be dis-
played in character form; ie., only
ascir characters and symbols will be
displayed if the message is headed with
an stx. If the received message is
headed with an soH (indicating RAN-
poM mode data), all subsequent data
will be sequentially stored in memory
beginning with the first available mem-
ory location; i.e., the first memory
Jocation that contains a NuLL (all
zeros). In this case, all data are dis-
played in accordance with their mes-
sage structure (both characters and
graphic elements can be displayed) .

The capability is provided for stor-
ing received data from the computer
beginning at some specified address.
To accomplish this, the computer will
transmit a special 3-byte control word
immediately following the sTx or soH
header code. This control word speci-
fies the memory address location in
which the first 8-bit data character of
subsequent data stream is to be stored.
The capability is also provided for
decoding and processing certain com-
mands from the computer. These com-
mands include ERASE and READ. When
an ERASE command is received, the dis-
play immediately erases the memory.
When a READ command is received,
the display will transmit the content
of memory to the computer beginning
at the memory location specified in
the command.
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~ Hybrid microelectronic
~ fabrication techniques

* A. Levy

In microelectronics, hybrid technology is essentially a packaging technique. Choosing
the proper combination of microelectronic techniques will yield devices with improved
reliability, reduced cost, and overall optimum performance. This paper describes the
methods used for fabricating hybrid assemblies in the Electromagnetic and Aviation

Systems Division (EASD).

opaY, the hybrid approach to mi-
Tcroelectronic assembly has attained
the popularity of the printed-circuit
~ board. The reason being the unlimited
" flexibility it affords. In the widest
sense, a monolithic chip mounted and
bonded to a ceramic flat pack consti-
tutes a hybrid assembly. A hybrid
circuit could conceivably encompass
thick- or thin-film networks, discrete
and integrated uncased devices, plus
a myriad of cased and discrete com-
ponents.

Thin-film circuits

The term “thin” as applied here is
somewhat ambiguous. Rather than de-
fining thickness of deposition, it relates
to the fabrication process involved.

There are a variety of methods by
which thin films can be manufactured.
The most common is vacuum deposi-
- tion, The basic equipment used for
vacuum deposition of thin films con-
sists of a vacuum chamber with its
associated pumps and gauges, plus
hardware to support and manipulate
the evaporation source and the sub-
strates. Sophisticated film monitoring
equipment can be added to any de-
gree of automation or mechanization
desired.

After the chamber has been evacuated
and the evaporation sources are heat-
ed, atoms are emitted from the source
and are propagated until they impinge
on the substrate. The deposited thick-
ness is a function of the time elapsed,
the source temperature, and the cham-
ber pressure.

Thin films may be evaporated selec-
tively through a metal mask or over
the entire surface of a substrate. Net-
works on substrates thus deposited
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are delineated through photoetching
techniques.

Materials most commonly used for
conductor networks are gold and cop-
per. A variety of metals are available
for resistor networks, most used being
nichrome. Although glass substrates
can be used for thinfilm networks,
high-density alumina (99.5% ALO,)
is commonly used for hybrid appli-
cations.

For the special case of microwave cir-
cuitry, initial layers are vacuum de-
posited with the subsequent buildup
electroplated.

In general, the high fabrication costs
of thin-film hybrid circuits limits their
practical use to tight-tolerance resistor
networks and high-frequency applica-
tions.

Thick-film hybrid circuits

Thick-film hybrid circuits are basically
passive networks printed and fired
onto alumina substrates. For defense
applications, 96% ALO, alumina sub-
strates are almost universally used.
Lower density alumina, such as 85%,
is used in certain industrial applica-
tions.

Conductor, resistor, and insulating ma-
terials are “printed” onto the ceramic
substrate through metal mesh screens
or metal masks. All process parameters
in the fabrication of thick-film net-
works are critical as to their effect on
repeatability. Fig. 1 shows a precision
printer used in EASD. Printer param-
eters must be carefully adjusted, as
their effect on deposition thickness and
uniformity is considerable.

After printing, the deposited ink is
dried to evaporate the solvents. Drying
cycles range from 10 to 15 minutes
at temperatures of 100 to 125°C. At
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Fig. 1—Precision printer for fabricating thick-
film networks.
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Fig. 2—Thick-film deposition analyzer.

Fig. 3—Typical furnace profile for resistor
firing.

Fig. 4—Furnace equipment for firing sub-
strates.

Fig. 5—Resistor trimming by sand abrasion.

this time, samples are checked for de-
posited thickness (Fig. 2) and the
substrates are readied for firing. The
first phase of the firing process is the
burning out of the organic binders,
and this is done at a temperature
range of 300 to 500°C.

The next phase in the firing cycle con-
sists of heating the substrate to higher
temperatures in an oxidizing atmo-
sphere. Most of the metallic particles
are partly reduced and the glass frit
particles start to soften. Temperature
and time are both very critical in this
phase. Typical resistor inks are fired
at temperatures ranging from 760 to
900°C.

Fig. 3 shows a-typical furnace profile
used for resistor firing. As the sub-
strate reaches the highest temperature,
the oxidation/reduction reaction con-
tinues until the glass material melts
and seals off the metallic material from
further contact with the atmosphere.
The melting glass also forms an inti-
mate bond with the alumina substrate.
This is a critical point in the process
since it fixes the electrical character-
istics of the fired film. Fig. 4 shows the
placing of substrates onto a furnace
belt.

With good process controls in screen-
ing and firing and careful control of
substrate materials and ink viscosities,
it is possible to screen resistors to a
tolerance of * 15% of the desired
resistance values. Tighter resistor tol-
erances require a trimming operation.
Sand-abrading, a highly reproducible
process, is the most widely used
method of trimming resistors today.
The process does not damage the sub-
strate, but merely removes fired resis-
tor materjals. The abrasive flow is
started by the operator and stops
automatically when the pre-selected
resistance value is reached. Using
equipment shown in Fig. 5, thick-film

~tesistors have been trimmed to within

0.1%.

Depending on circuit complexity, two
or more conductor patterns can be
deposited with insulating crossovers,
forming a multilayer interconnection
media. The number of resistivity
screening operations depends on the
range of resistor values on a given
substrate. A maximum resistor ratio
of 50:1 can be achieved with one
screening operation. For optimum per-

formance and yield, however, this ratio
is kept below 20:1. Fig. 6 shows a
typical simplified process flow of a
two-conductor, two-resistivity, thick-
film substrate.

Component attachment

After fabrication of passive compo-
nents on the substrate by either thick-
or thin-film process, active devices are
attached and their terminations are
bonded or soldered to contact points
on the substrate.

Cased devices are best attached using
a solder reflow process. The assembly
equipment shown in Fig. 7 is used
for this purpose. Here, an Ac current
of adjustable pulse amplitude and
duration is pulsed through the solder
tip. Tip temperature is controlled by
a miniature thermocouple to assure
temperature control and repeatability.
Hand soldering of discrete components
must be accomplished with extreme
care so as not to leach fired conductor
materials into the solder compound,
i.e., to prevent the combination of the
materials with the solder. In extreme
cases, solder leaching can cause the
complete removal of the fired con-
ductor from the substrate.

Equipment and technology for the at-
tachment of uncased active devices,
often called bare chips, is identical to
that used in the semiconductor indus-

try. The method most commonly used

for chip mounting is alloying. Factors
that are of primary importance are
adhesion, thermal conduction, environ-
mental stability, and cost.

Alloying consists of combining the
silicon on the back of the chip with
another metal to form a liquid phase
which adheres to both the substrate
and the back of the chip. Gold is often
used because it forms a eutectic com-
pound with silicon at 370°C, which is
high enough to withstand additional

processing steps, but low enough to:

preclude any damage to the chip. The
gold is usually supplied in the form of
gold, gold-germanium, or gold-silicon
preform. To allow the alloy to form,
the thin layer of silicon dioxide on the
back of the chip must be removed.
This is usually accomplished by me-
chanically scrubbing the chip on the
gold material at 390 to 450°C. A pro-
tective atmosphere of nitrogen is used
to reduce the formation of new oxides

'y
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during this operation. Fig. 8 shows die-
attach equipment used in EASD’s
microelectronic products activity.

The difficulty in attaching many active
devices to a hybrid substrate is mainly
in the repeated temperature elevation
of the substrate. Fired resistors can be
susceptible to these temperature eleva-
tions. One method used to overcome
this problem is heating of the capillary
tool rather than heating the substrate.
Where extreme sensitivity to tempera-
ture elevation exists, chips may be
attached to the substrate using con-
ductive epoxy adhesives. Such adhe-
sives can be cured at temperatures
as low as 150°C.

FIRST
CONDUCTOR

INSULATOR

SECOND
CONDUCTOR

Fig. 6—Simplified process flow diagram for
multilayer fabrication.

Wire bonding

Wire bonding today is the costliest
operation, both on the semiconductor
manufacturing assembly line as well
as in the hybrid shop. Ultrasonic alu-
minum wire bonding and thermocom-
pression gold bonding are standard
processes used to form electrical con-
nections between the active chips and
the conductor networks on the sub-
strate.

The ultrasonic bond is formed by agi-
tating the bonding tool at ultrasonic
frequencies (nominally around 60
kHz) while pressing the wire against
the surface to which it is to be attached
The agitation scrubs away surface
oxides while heating the thin alumi-
num wire to weld temperatures. Fig. 9

shows such an operation. Sophisticated
equipment is available which snips the
wire tail remnants at the end of the
operation. A tail-less wire bonder is
shown in Fig. 10.

Thermocompression bonds are formed
by pressing a thin gold wire lead
against the surface to which it is to
be bonded by a heated capillary or
wedge tool. The heat and pressure
cause the gold wire to melt, thus form-
ing the connection.

Beam leads and flip chips

The next generation of hybrid circuits
will contain discrete and integrated
beam-lead or flip-chip devices. The
main advantages to their Gise in hybrid
assemblies will be their sealed or
glassivated junction and the ability to
mass bond, i.e., to make all electrical
connections with one operation.

Final package sealing

Until active devices become available
in flip-chip and beam-lead form, final
hybrid modules for most military ap-
plications must be hermetically sealed.
Packages without temperature sensi-
tive components can be sealed through
a conveyorized sealing furnace. Seam
or perimeter welding is used where
package temperature cannot be ele-
vated. Sealed modules are then tested
for hermeticity in the same manner and
to the same specifications as semicon-
ductor packages.

Conclusion

Microelectronic applications of the
future will utilize hybrid techniques in
the same manner as multilayer boards
are used today. The ability to fabricate
high-quality resistor networks at low
costs will see the emphasis placed on
the thick-film approach. Where ex-
treme tolerances are required, small
thin-film resistor networks can be
mounted onto thick-film substrates.

Monolithic devices will be utilized in
combinations that yield best perform-
ance at cost effective prices. In tomor-
row’s world of electronics, the lion’s
share of business, both military and
commercial, will be reaped by those
who understand the interrelationships
between all microelectronic techniques
and have access to quick turn-around
low-cost total hybrid capabilities.

Fig. 10—Sophisticated
wire bonder for
producing tail-less
welds.

Fig. 7—Solder reflow process equipment for
attaching cased devices to substrate.

Fig. 8—Die-attach equipment for chip mount-
ing.

Fig. 9—Ultrasonic wire bonding.
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Custom Microcircuits in
product engineering

A. Lichowsky

In the more progressive engineering organizations, microcircuit technology is
gradually becoming a way of life. The daily routine for the average electronics engi-
neer includes working with the microscope and microprobe, wire bonding diagrams,
thick-film mask layout, etc. In short, the tools of microlithography, chip handling, and
hybrid devices are beginning to replace the soldering iron, wire clippers, and

vector bhoard.

HE TRANSITION from vacuum tube

circuit design to transistor and
standard “off the shelf” integrated-
circuit utilization was gradual and, for
the average engineer, relatively pain-
less. While many were reluctant to
learn the details of the new technology,
the interface between the component
manufacturer and the circuit designer
was not seriously disturbed. The famil-
iar data sheet remained the principal
communications media, with some
new vocabulary causing only tempo-
rary confusion concerning the signifi-
cant properties of the new tiny black
boxes.

The microcircuit era

A more drastic change, perhaps revo-
lutionary, seems upon us as micro-
circuits become of age. The MsI and
LsI concepts have seriously disturbed
the interface between the component
manufacturer and the systems/equip-
ment design house. The search contin-
ues for clear definitions for this more
complex interface.

The electronics industry is apparently
convinced that the basic micro-circuit
technology is sound, durable, and has
fantastic potential for accelerating the
expansion of automation and compu-
terization of many tasks and industries.
Direction is needed, however, in facili-
tation and in training of our manpower
to cope with the technology. A com-
plete realignment of business relation-
ships between component and equip-
ment manufacturers is not necessary
or forthcoming. There exist new,
simple communications media that can
replace the data sheet, namely, the
photomask/screen and the process rule
sheet. [The process rule sheet states
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the component manufacturer’s criteria
for developing specific controlled char-
acteristics of devices and interconnec-
tions. }

Problems in custom microcircuit
technology

Much of today’s product (especially
defense-oriented product) is manufac-
tured in excessive variety yet insuffi-
cient quantity to interest component
manufacturers. They are talent-limited
and incapable of coping even with to-
day’s initial demand for custom mono-
lithic MsI circuits. Thus, it is up to
the systems/equipment manufacturer
to acquire possession and control of
photomasks and printing screens for
his own dedicated, in-house designed
circuits and/or subsystems. He can do
this by training his circuit and system
designers in the microcircuit disci-
plines (specialized circuit design and
layout techniques unique to monolithic
1c’s and thick-film. circuits) . For pro-
duction quantities of his circuits, he
has a choice of component manufac-
turers to process monolithic wafers
and thick-film circuits for him through
well-defined standard processes.

The component manufacturers have
long recognized that they must have
in-house circuit design capability (ap-
plication engineers) to make their data
sheets useful as the principal commu-
nications media with their customers.
This means the equipment/circuit
design engineer must understand the
details of process rules, layout tech-
niques, and trade-offs to communicate
his output intelligently to the compo-
nent manufacturer via the mask/
screen. Of course, the component man-
ufacturer will continue to fabricate
more complex standard monolithic
and thick-film circuits for off-the-shelf
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distribution. In many cases, deliver-
able system hardware will be com-
pletely or partially fabricated from
such stock items. Certainly, system
breadboarding and prototype fabrica-
tion will be greatly facilitated, and
data sheets will continue to serve as
the communications means in this
area.

Design of a custom circuit chip

How difficult is it then for an estab-
lished engineering organization to
adapt to custom microcircuit technol-
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ogy? A case history of a dedicated
monolithic design will serve best to
answer this question. At EASD, Van
Nuys, several complex custom mono-
lithic circuits have been designed over
the past two years. However, our Avia-
tion Equipment Department at West
Los Angeles had been utilizing strictly
off-the-shelf 1c’s. In March 1969, avia-
tion equipment engineers expressed in-
terest in the development of a custom
1c for motor control. The existing cir-
cuit design comprised several standard
digital 1¢’s and numerous discrete lin-
ear components on a printed-circuit
card. On March 18, 1969, three logic
and circuit designers from the Aviation
Equipment Department were assigned
. to receive training in monolithic 1C
technology. One of these engineers
was to design a monolithic motor-
control circuit simultaneously with his
training, with the other two observing
and assisting. To aid these engineers,
Van Nuys personnel supplied approx-
imately 40 man-hours of lecture and
consultation services. The complete
circuit redesign was available in late
April (only one trainee was assigned
full time to detail design and layout).
By the end of May, a composite micro-
- circuit layout was ready. Approxi-
mately $1,400 was spent at Van Nuys
for drafting and ruby cutting on a co-
ordinatograph. Mask fabrication (2
sets of chrome masks, 9 layers) was sub-
contracted at a cost of about $2,200.
Around the middle of June the masks
were delivered to Electronic Compo-
nents in Somerville for processing. On
July 9, 1969, processing of the initial
wafers of the TA 5782 new monolithic
motor-control circuit (Figs. 1a and 1b)
was completed at Somerville, and pre-
liminary testing of chips was started.
Before completion of the initial pro-
gram, a number of new dedicated
monolithic circuits were being con-
sidered and designed independently by
the Aviation Equipment Engineering
Department.

Microcircuit training techniques

Once exposed to actual experience
with modern microcircuit concepts,
the fantastic cost reduction capabilities
(even in limited production quanti-
ties) become obvious to the Engi-
neering Manager, and he is bound to
place priority on retraining his staff to
take advantage of such techniques.

{INPUT ORIVER {AND GATEN
T T oy

VoG
PORER SUPPLY

BIAS RESISTOR

[

CLOCK INPUT}

I
uP-CounT b

ENABLE ;

i
DOWN-COUNT}
ENABLE

% QuTPy
Y PHASE 4

Fig. 1b—Magnified view of monolithic motor control circuit chip.

How does one go about training unini-
tiated engineers in microcircuit tech-
nology? One method is by sending de-
signers to a formal training class. How-
ever, for monolithic design alone, this
offers several disadvantages.

1) It may take several weeks away
from the engineer’s home base;

2) It can cost well in excess of $10,000
per engineer, and

3) In most cases, it could result in
insufficient retained capability to do
independent work, thereby requiring
considerable outside consultation.

Certainly such training is not regen-
erative and may decay rapidly result-
ing in a total loss of investment and
a setback in timely technological
development.

In contrast, a small-scale in-house fa-
cility for processing thick-film and
monolithic circuits, with two or three
qualified personnel, may require a
somewhat greater initial investment
but in the long run will be far more
profitable. Such a fabrication facility
provides continuous exposure to mi-
crocircuit technology. In this environ-
ment, the exercising of skills is highly
regenerative, resulting in accelerating
re-orientation of the entire engineering
and manufacturing staffs. Thus, a min-
imal cost in-house training program,
dependent on inside and outside lec-
turers and laboratory classes, will re-
sult in rapid upgrading of skills and
rapid respons¢ to continuing changes
and development in the field.
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The RCA 110A computer—
ground checkout and launch
control of Saturn

A. J. Freed

The RCA 110A Saturn Ground Computer System currently being used by NASA for
integrated checkout and launch control of the Saturn-Apollo manned Iunar mission
was originally conceived and designed for industrial process control.* To meet the
early NASA requirement, the original system progressed through a series of major
design changes. These changes provided larger memory storage, new discrete
input/output capability, more data channels, and increased complement of peri-

pheral equipment.

INCE THE SATURN’S PROGRAM’S IN-
S cePTION, RCA/EASD has deliv-
ered to NASA a total of 30 computer
systems, and provided a continuum
of Engineering and Logistics support
through the present time. The precepts
of the original engineering thoughts
concerning checkout and launch of a
complex vehicle may be summed up
through the following goals for an
automatic checkout system:

Provide for processing large numbers
of parameters;

Reduce the man/machine interface;
Remain flexible so as to accommo-
date change;

Provide a high degree of reliability.

To reach these goals, NASA surveyed
available equipment in the early
1960’s and chose the RCA 110 System.
This paper discusses the seventeen
Saturn V Ground Computer Systems
delivered to NASA under contract
NAS8-13007.

General Characteristics

To meet the goals previously outlined,
the design of the original RCA 110
was realigned to meet the require-
ments for increased checkout capacity
with corresponding emphasis on speed
and flexibility. The result was the
RCA 110A Saturn Ground Computer
System which provides a number of
significant capabilities:
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-

Input/output processing simultane-
ously,

General purpose data processing and
reduction,

Ability of two RCA 110A’s to work
in tandem via data link,

General purpose computing,
Real-time control monitoring and
testing of multiple digital and analog
systems, and

Versatile peripheral equipments.

The RCA 110A System consists of the
following complement of cabinets:
Main frame
Power supply
Memory
Data link
Discretes
Switching
Peripherals
The peripherals consist of a line
printer, card reader, card punch and
magnetic tape stations. Fig. 1 illus-
trates a typical computer system con-
figuration; Fig. 2 shows the functional
interconnections of the various equip-
ment cabinets. Note that Fig. 1 also
shows the display equipment; while
not considered as part of the Saturn V
system, RCA/EASD did deliver a
number of S1B Display Systems under
contract to NASA. These systems were
used during the launch of Saturn S1B
~vehicles from Complex 34 and 37 and
Kennedy Space Center.

Speed of operation, while not out-
standing by today’s technology stand-
ards, is considered acceptable for this
application. The clock rate is 9.36 kHz;
memory cycle is 9.7 us; word time,
including access, is 28.9 us; and the
add time is 57.7 us. Operationally, the
system has sufficient speed to perform
at the upper limit required by the test
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Saturn Ground Computer System, its peripheral
equipments, and the Saturn 1-B Displays. For the
past two years, Mr. Freed has held the assign-
ment as Manager, Saturn Program. This effort
involves five major NASA contracts and responsi-
bilities that encompass the total RCA support
provided to NASA. Mr. Freed is a member of Eta
Kappa Nu, the IEEE, and Is a licensed amateur
radio operator.

condition frequency in real time. Pro-
gram speed may be considered as en-
hanced by the system’s capability at
the input/output level. A number of
buffered input/output data channels
(1opc) permit simultaneous operation
of I/O and general calculations or
processing.

The priority interrupt system was re-
tained from the original industrial
processor. Thus, a program may be
interrupted by one of a higher priority
with all the register contents of the
lower priority program stored until
the higher level program has been
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Fig. i—The RCA-110A computer system configuration, including display equipment.

serviced. In addition to the simple
form of interrupt described above,
multiple-priority interrupts may cause
the computer to sequence through sev-
r eral priority levels prior to returning
to the program originally interrupted.
This feature will permit incomplete
programs to be finished during avail-
able time increments. This concept
permits the RCA 110A to monitor
overall vehicle status while servicing
requests from test operators/conduc-
tors. It may be noted that in periods of
slack time during the checkout of a
vehicle, the computer system will run
those programs assigned the lowest
priority levels. These are primarily
: self-check routines.

The storage capacity of the RCA 110A
System complements the system re-
quirements; 32 k words of high-speed
magnetic-core storage with 32 k words
on drum plus up to 20 magnetic tape
stations are provided. The 24-bit word
length provides a precision to better
than one part in eight million and the
validity of data transfer is verified by
an additional parity bit. During a par-

ity alarm, the address of the executed
instruction is stored to enable use of
automatic software recovery routines.

Multiple computer operation is pro-
vided via a full duplex high-speed data
link. This system, independent of the
processor, petforms all synchroniza-
tion, formatting, and error detection/
correction. The technique of retrans-
mission is used for correcting errors
without interruption of the word se-
quence. The detection of errors is
accomplished through the following:

Horizontal and vertical parity,

Retransmission count,

Parity check on data channel transfer,

and -
Incoming modulation check.

It should be noted that the undetected
error rate is 2.8% 10™ words/word for
a 10 single-bit error rate.

Fail-safe operation in terms of local
power failure has been incorporated
into the system design. Upon detecting
an interruption of the power, the con-
tents of all registers required in order
to reinitialize at the proper program
point are automatically stored in core
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memory. In addition, the computer’s
power system is down sequenced in
the proper order. These actions permit
the computer to resume operation at
the point of interruption once power
has been restored.

System Considerations
RCA 110A computer system

The RCA 110A Saturn Ground Com-
puter primarily supports the Saturn V
manned lunar missions from Complex
39 as shown in Figs. 3 and 4. Com-
puter systems are located in the
Launch Control Center (LCC) and in
each Launch Umbilical Tower (LUT).
These systems provide central process-
ing with communication to other
equipment through Input/Output
Data Channels (1opc); an 10DC is pro-
vided to route each general class of
signal (discrete, analog, command,
etc.) to the central processor.

Discretes (28-volt commands) may be
processed in this manner at opera-
tional speeds of up to 15,000 signals/
second. The discrete 1opc is capable of

_ TERMINAL UMIT,
OATA LINK _ repminvar umiT,

uNIT 32
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Fig. 2—The RCA-110A computer equipment interconnection.
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Fig. 3—Saturn launch complex No. 39,

outputting in excess of 1,000 separate
command signals to the vehicle and
responses from the vehicle can exceed
3,000 separate inputs. The system
utilizes a converter to process the in-
puts in 24 increments corresponding
to the 24-bit computer word in any one
of four operational modes.

1) Single-scan mode—all discrete input
lines sensed once and condition stored
in core memory.
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2) Continuous-scan mode—all discrete
input lines sensed continuously with
core memory updated to latest condi-
tion.

3) Monitor mode—when a change is de-
tected between latest and previous con-
dition, core memory is updated with
the latest condition and the time of
occurence.

4) Selective monitor mode—same as
monitor mode with the exception that
only preselected groups may be moni-
tored. If a change occurs in a pre-

selected group, a priority interrupt may
be given the computer system.
The 10DC’s are capable of providing
data transfers that are not under
direct program control. This may be
accomplished in parallel with normal
computer operations. The complement
of 10pC’s available is summarized be-
low:
1) 1opc I—control 1/0 operations of
drum memory and the Ampex magnetic
tape stations. This ropc is also capable
of operating with an output typewriter,
paper tape reader, paper-tape punch,
and the RCA S1B display system.
2) Magnetic tape 10pC—controls 1/0
operations of the line printer, card
reader, card punch plus additional
magnetic tape stations and a communi-
cations data set.
3) Data link yopc—controls data trans-
fers between RCA 110A systems.

4) ppAs 10DC—Ccontrols 1/0 operations "

between the digital data acquisition
system and the computer.

5) Discrete 10pc—controls 1/0 activity
of discrete signal converters.

6) Display 10pDC—Ccontrols 1/0 opera-

tions between the computer and the

Saturn V Display System.
Input/output registers (10r’s), input/
output address lines (10A’s), and in-
put/output sense lines (10s’s) provide
alternate paths for communication be-
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tween the computer and external de-

vices. The 10R’s are standard 24-bit
-~ registers that provide additional data

transfer paths to remote computers
and telemetry systems. The 10A’s are
generally used to set up command sig-
nals to external devices, while 10s’s
will sense the response of these de-
vices. Contrary to the 10DC concept,
IOR’s, I0A’s, and 10s’s are under the
direct control of the program and
number as follows:

1) 10R—8 registers.
2) 104 and 10s—192 lines.

Fig. 5 illustrates and summarizes the
RCA 110A input/output capabilities.
Additionally, the system provides
other features such as p/a and A/p
conversion at a rate of 2,000 signals/
second, real-time clock registers to
permit the reading of countdown or
, time inputs, and a capability for data
' communication with the digital com-
puter on-board the launch vehicle.

Automatic saturn ground checkout

The Ground Support Equipment
(6se) under computer control is used
to check out each stage of the Saturn
V vehicle. Responses from each stage
are evaluated based on the applied
stimuli. Such entities as hydraulics or
pneumatics may not originate with the

Fig. 4—Equipment interconnection for prelaunch checkout and launch control.

computer and are therefore generated
by devices external to the computer,
but under its control. The test conduc-
tor’s crRT console is the focal point for
maintaining control of all test oper-
ations and the computer.

Two general modes (semi-automatic
and automatic) of operation are avail-
able for use. The normal mode now
being used is semi-automatic. This
mode consists of the following oper-
ations (refer to Fig. 4):

Command initiated through electrical

support equipment (ESE) panels or the

display system keyboard in the Launch
Control Complex (Lcc).

Upon receipt of command, the com-
puter at Lcc transmits a signal via data
link to the Launch Umbitical Tower
(LUT) computer.

A command is then furnished to the

stage under test via ESE, with a response

returning by the same route.
The automatic mode would consist of
the initial command, initiated by ESE
panel or display system keyboard,
being generated by the execution of a
stored program instruction. All other
sequences of events would remain as
previously stated.

To summarize the checkout of a Sat-
urn V vehicle at Kennedy Space Cen-
ter, three basic features are available:

INPUT/OUTPUT CAPABILITIES

« 8 BUFFER REGISTERS

® 24 BITS PLUS PARITY PER REGISTER

® EACH REGISTER CAN PROVIDE FOR UNI-
OR BI-DIRECTIONAL DATA TRANSFER
UNDER PROGRAM CONTROL

oS ® 8 GROUPS OF
OUTPUT LINES

® 24 LINES PER GROUP

« 24 LINES OF EACH
GROUP SELECTIVELY
STROBED WITH

* 8 GROUPS OF
NPUT LINES

® 24 LINES PER
GROUP

® SIGNAL LEVELS
OF 24-LINE GROUP
“SENSED” BY

& ] centRaL
s, |procEsso
g

wpo-

PROCESSOR UNDER tone's 3 wSEC PULSE UNDER
PROGRAM PROGRAM CONTROL
CONTROL CENTRAL CATA CHANNEL

AND UP TC 6 PLUGGABLE
DATA CHANNELS

10S'S, 10R"S AND 10A'S PROVIDE 170 UNDER INTIMATE
PROGRAM CONTROL

10DC'S PROVIDE 170 AS DIRECTED BY PROGRAM, BUT
SIMULTANEQUS WITH AND INDEPENDENT OF
NORMAL PROCESSING

PRIORITY REQUEST LINES AVAILABLE FOR
CONTROLLING SEQUENCE OF PROGRAMS

Fig. 5—RCA-110A input/output capabilities.

Discrete actions called up from the
ESE switches;

Call up from the display consoles of
test programs and discrete requests or
monitoring; and

Periodic monitoring of test points, dis-
crete status, and red-line values.

Data received through these tests are
displayed locally at the stimulus-gen-
erating equipment. In addition, data
received via the digital-data-acquisi-
tion system (ppAs) is recorded for
later hard copy (strip) printout. Cer-
tain functions are monitored by test
personnel on a full-time basis. To sup-
plement the capability of the RCA-
110A computers to monitor discrete
events, a digital events evaluation
(DDE) computer continuously scans a
large portion of the ground support
equipment and stage discrete informa-
tion and records changes and the time
they happen.

RCA’s present role

Through June of 1970, RCA/EASD is
under contract to the NASA Marshall
Space Flight Center for program man-
agement, engineering, field service,
and quality assurance in support of
the RCA-110A computers. Also, in
support of this contract, EASD has a
15,000 square foot facility at Hunts-
ville, Alabama, and a sustained/dedi-
cated group of support personnel at
the Van Nuys plant.

Saturn launches

Through the writing of this article, the
RCA 110A Computer System has suc-
cessfully supported all Saturn 1B
launches (AS 201—AS 205) and all
Saturn V launches (AS 501—AS 507).
This schedule included Apollo 11 and
12 and meant that NASA was able to
meet all major test schedules plus all
launch windows.
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Safety and arming devices
8. C. Franklin

In general, fuze designs require the use of sensitive explosives, in the form of
detonators, and lead charges to initiate detonation. It is essential that the fuze be
safe to handle and transport, therefore, the U.S. has adopted, as standard practice,
the out-of-line detonator principle to remove the possibility of detonation either
because of a violent mechanical shock or because of the heat resulting from a fire.
This paper describes several of the safety and arming concepts developed for me-
chanical and electrical fuzes by the Electromagnetic and Aviation Systems Division

(EASD).

HE PRIMARY PURPOSE OF A FUZE

is to detonate the bursting charge
in a missile at a specified time or
place. The need for many types of
fuzes is apparent when we consider
some of the various items of ammuni-
tion in use—projectiles, bombs, rock-
ets, and mines. The conditions to
which a fuze is subjected when used
as intended may be myriad.

The primary purpose of a safety and
arming device is to maintain the fuze
in an unarmed, safe condition until
it is subjected to all of the forces it
experiences when released against the
enemy. The arming process provides
a transition between two conditions:

1) The safe condition which is normal
for handling with the detonator is in an
out-of-line position, and

2) The armed condition which is nor-
mal for functioning with the detonator
in an in-line position so that detonation
of the bursting charge will occur at the
selected time and place.

The time for the arming process to
take place is controlled so that the
fuze cannot function until it has trav-
eled a safe distance from the projectile
launch site. This distance is usually
measured in terms of elapsed time
from launching; hence, the arming
mechanism often consist of a device to
measure an elapsed time interval.

Arming c