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Solid state technology

{ have on my desk or in my briefcase a small electronic calculator. Its "‘works"
consist of four minute silicon chips (the latest design has only one) using large
scale integration. Essentially, all of its weight and volume, its mechanical struc-
ture and the power it uses are for the purpose of enabling two-way communica-
tions between the chips and the user—a human being.

I find instantaneous elementary arithmetic extremely useful. However, to me
the real significance of this calculator is as a constant reminder that electronic
engineering is in the midst of a major ravolution.

The old interface between components technology and apparatus and systems
design has suddenly been modified so that the engineering of all information
handling functions must be critically involved with solid state technology.

The Solid State Technoiogy Center that provides the central theme of this issue
of the RCA Engineer was established as an urgently needed corporate response
to the resultan: changes in our engineering philosophy.

In the interval between the planning of this issue and its delivery, RCA an-
nounced its decision to withdraw from the general purpose computer business
and to concentrate its computer efforts in the development, manufacture and
marketing of spscialized data communication systems and specially designed
business systems. This decision is requiring substantial restructuring of the
long range strategies and business pians of all related RCA activities including
the Solid State Technology Center.

The philosophy of the Center ouflined in Mr. Englebrecht's article and
the rich sampling of its technical activities described in the other articles
constitute a valuable information resource for this planning process.
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. . depicts a portion of the memory cells in a
silicon-gate PMOS beam-lead memory array. The
array is described in some depth by Reddy, et. al.
{p. 28); the beam-lead process is covered by
Rose, et. al. (p. 56). Photo credit: John Semonish,
Electronic Components, Clark, N.J.
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Our minds are often trapped within the
confines of traditional thinking because
we inherit established definitions and
jargon as part of a discipline. The jargon
of education is particularly misleading.
The term “continuing education” evokes
an almost Pavlovian response: instantly,
we tend to place it below formal higher
education, ranking it as less structured,
less significant, less recognized, and
generally less important. Intuitively we
feel that “‘real’” education must be syn-
onymous with academic or formal edu-
cation, conducted in or by an educational
institution.

The truth is that most of an individual’'s
effective knowledge, particularly for an
engineer or scientist, is acquired in the
years following completion of the so-
called academic education. If this is what
we really mean by continuing education,
we must clearly be on guard against our
preconditioned responses. It is seldom
recognized that the practicing scientist
or inventor is himself a scholar who is in
effect teaching himself and others as
well. For these individuals, work experi-
ence is truly continuing education, and
is probably the highest form of education
in terms of effectiveness.

Many engineers, perhaps most, choose
to exercise their talents in other ways:
following a job to completion, meeting
cost and schedule limitations, getting
along-with others, and deciding when to
build and when to buy. This pragmatic
experience builds a wealth of invaluable
skills, but does not of itself provide a full
measure of continuing technical educa-
tion that will allow such an engineer to
stay technically abreast of his profes-
sion.

There is a wide range of needs for con-
tinuing engineering education, made still
wider by the ever-increasing numbers of
recognized branches of specialization.
The concept of educational half-life, in-
troduced in the 1960’s by James Killian,
had not occurred to earlier educators
when the conventional pattern of formal
technical education became fixed. It is
nevertheless a useful concept, and re-
searchers are in remarkable agreement
that the half-life of applicable technical
knowledge in the field of electronics en-
gineering is about 5% years and declin-
ing. This implies a staggering burden in
continuing education for any individual,
and legitimately raises the question of
feasibility. Here researchers tend to dis-
agree. Some claim the job cannot be

experience and
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education

done cost-effectively, others argue that
it can. They agree, however, that to re-
main current any technical man must be
dedicated to a major uninterrupted pro-
gram of post-professional education.

Basically, the time an engineer spends
on educational pursuits depends on his
own background and motivation, the de-
mands of his job, and the possibility of
future benefit. The key is to strike a good
balance between formal educational pur-
suits and on-the-job experience . . . and
between courses of immediate value and
those that provide a broad foundation for
the future.

As professionals, most engineers recog-
nize their responsibility to maintain and
improve their competence leve! and sup-
plement their work experiences by some
combination of formal educational pro-
grams and self-guided study. RCA also
recognizes its responsibility for the pro-
fessional development of the technical
staff.

RCA'’s support of the formal educational
process is evident in such activities as
the Tuition Loan and Refund Plan, Con-
tinuing Engineering Education Program,’
David Sarnoff Fellowship Program, Grad-
uate Study Program, and after-hours
courses at various divisions.

RCA also supports a significant part of
the self-guided study. To help the engi-
neer acquire information and perspective
from others in the field, society partici-
pation is encouraged.’ The flow of infor-
mation within the company is aided by
various communications channeis—pro-
prietary (Technical Reports, Meetings,
and Symposia) and non-proprietary (RCA
Engineer and Trend).

At RCA technical libraries, reference
sources as well as newly published doc-
uments of value are available. To assist
in information transfer and retrieval, the
Technical Abstracts Bulletin, distributed
monthly, contains abstracts of newly
generated RCA documents. For notifica-
tions of new documents being published
in the open literature, the ALERT service
is available on a subscription basis.?

Thus, a great deal of help is available to
the engineer who wishes to supplement
his experience and up-date his educa-
tion. How often and how effectively he
uses this help contributes, to a large ex-
tent, to his long-term development as a
professional.
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Future issues

The next issue of the ACA Engineer contains se-
lected papers from various areas of RCA, includ-
ing several papers on solid state technology. Some
of the topics to be covered are:

PMOS technology

Reliability of solid state products

Digital simulation

COS/MOS memory systems

Schottky barrier devices

Power transistors

Hybrid packaging

Discussions of the following themes are
planned for future issues:

Mechanical engineering
Displays

Advanced technology
COS/MOS integrated circuits

Mathematics



Solid State Technology
Center—purpose and plans

R. S. Engelbrecht

The Solid State Technology Center serves RCA’s diverse needs for advanced devel-
opment of solid state devices and integrated circuits. This paper describes the gen-
eral climate that led to the establishment of the Center in early 1970 and highlights
the Center’s present objectives and programs. In relating the Center’s many areas of
effort to other activities in RCA, Mr. Engelbrecht guides the reader to other papers in
this issue and next which provide in-depth coverage on specific topics.

HE INTEGRATED CIRCUIT, more
Tthan any other invention in the
history of electronics, has revolution-
ized both the internal structure and the
interfaces of traditional technical
institutions.

To provide the student with the nec-
essary multidisciplinary background,
universities have established new cur-
ricula which straddle the natural sci-
ences, mathematics, and the various
specialized branches of electrical en-
gineering. To exploit the 1c profitably
in the market place, electronics com-
panies have restructured their organi-
zations along more functional lines. To
match its technological potential better
to man’s needs, society is beginning to
re-examine the relative roles and rela-
tions between the contributing aca-
demic, industrial, and government
organizations—in this country as well
as abroad.

RCA, like other major electronics-
based corporations, has traditionally
been organized into independent, rela-
tively autonomous components and
systems divisions. Vacuum tubes, tran-
sistors, and passive devices were engi-
neered, manufactured, and sold by the
components division. Circuits and as-
semblies using these devices were de-
veloped and tested separately in the
systems divisions for particular mar-
kets: consumer, industrial, government.
The relative roles of the “component
engineer” and the “circuit engineer”
were well defined. The flow of tech-
nical information between the two was
limited to type specifications provided
by the component supplier, guided
only by the general notion that “higher
frequencies” or “more power” would
always be in demand.

Integrated electronics changed that
relationship drastically. Active and
passive components and circuit inter-
connections could now be fabricated
simultaneously on a common substrate
as an inseparable unit. This capability
encouraged component manufacturers
to “integrate upward’; i.e., to make
complete i1c assemblies available as
standard building blocks, replacing
their previous discrete components.
Simultaneously, the circuit engineer
found that he could obtain better re-
sults by designing his specific systems
objectives into the 1c beforehand,
making optimum use of the tradeoffs
between the various active and passive
components in the circuit. This possi-
bility encouraged electronics systems
companies to “integrate downward™";
i.e.. to become their own 1c manufac-
turers. The tendency of both systems
and components divisions to expand
into 1¢’s was enhanced by the tradi-
tional difficulties of organizational
communications and the long develop-
ment time for a successful circuit,
requiring several iterations of the
design-fabrication-test cycle.

Establishment of SSTC

In 1968, RCA Chief Executive Officer
Robert W. Sarnoff appointed Dr.
James Hillier, Executive Vice Presi-
dent, Research and Engineering, as
chairman of a commitice to review
RCA’s objectives in the solid-state
business and to propose ways to maxi-
mize corporate opportunities in this
field. In its final report, the committee
noted two basic conclusions:

1) RCA’s future leadership in elec-

Reprint RE-17-3-18
Final manuscript received August 9, 1971.

Rudolf Engelbrecht

Operations Director

Solid State Technology Center

Soiid State Divisior

Somerville, New Jersey

joined RCA in 1970 as Dperations Director of the
Solid State Technclogy Center. Prior to this ap-
pointment, he had been a Member of Technical
Staff at Bell Laboratories since 1953, most re-
cently as Head of Electroacoustics Department,
Holmdel, N.J. During this period, he was respon-
sible for a varietr of exploratory development
programs in high-frequency and high-speed solid-
state electronics. H2 has published numerous
papers and has beer granted over fifteen U.S. and
foreign patents related to parametric amplification,
microwave integratzd wircuits, and transferred-
electron devices. Mr. Engelbrecht received the
MSEE degree in 1953 fram Georgia Tech. A Fellow
of the IEEE, he is chairman of the Professional
Group on Electron Devices and past chairman of
the International Sclid State Circuits Conference.
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Program selection and general policy guidance is provided by a Board of Directors com-
prising high level technical representation from each major operating unit and chaired by
Dr. James Hillier, Executive Vice President, Research and Engineering. This photo, taken
during a recent Board meeting, shows, clockwise from left, R. S. Engelbrecht, Operations
Director, Solid State Technology Center; Dr. H. J. Woll, Division Vice President, Government
Engineering; L. R. Kirkwood, Chief Technical Advisor, Consumer Electronics; Dr. W. M.
Webster, Vice President, RCA Laboratories; Dr. Hillier; V. O. Wright, President, Systems
Development Division, Computer Systems; and C. H. Lane, Division Vice President, Technical

Planning, Electronic Components.

tronics depends strongly on achieving
leadership competence in integrated
circuits.

2) The 1c needs of individual RCA sys-
tems and apparatus divisions are too
small to support the required facilities
in each separate organization.

Based on the committee’s recommen-
dations, the Solid State Technology

Center (ssTc) was formed early in
1970 to:

Provide a central pool of shared engi-
neering know-how and modern facili-
ties, serving all of RCA’s needs in
solid state components and integrated
circuits;

Establish and maintain capability for
supplying operating divisions with
samples and prototype quantities of
Ic’s on a quick-turnaround basis, us-
ing the most advanced design, fabrica-
tion, and testing techniques available;

Reduce to practice the research results
of the David Sarnoff Research Center
in selected solid state technology areas
of broad future interest to RCA sys-
tems divisions and to the Solid State
Division for its OEM market.

Because of the obvious operational
parallels, and to permit close inter-
action with the Solid State Division,
SSTC was administratively attached to
SSD and located at its Somerville, N.J.,
headquarters. To provide communica-
tions between SSTC and the Engi-
neering Departments of the systems

divisions, resident groups from each
major operating unit were established
and located at Somerville, participat-
ing in the design of ic’s for their parent
divisions and in the evaluation and
assembly of completed units.

After a year’s buildup by consolidation
of existing advanced development ef-
forts and initiation of new programs,
SSTC has now reached the level of a
viable organization. The Center is
guided in its program selection and
genecral policy matters by a Board of
Directors, chaired by Dr. Hillier. Each
major operating unit in the corporation
has high-level technical representation
on the Board.

Areas of effort

About eighty engineers and a similar
number of technicians work on SSTC’s
programs in five major areas:

Materials and Processes
Semiconductor IC Technology
Hybrid and Packaging Technology
Power Technology

Design Automation and Test Tech-
nolfogy

In the Materials and Processes de-
partment, studies on semiconductors,
metals, insulators and plastics are
aimed toward future solid state com-
ponents having improved performance,

reliability, or lower cost. Closely cou-
pled to these materials studies are
investigations of 1c fabrication process
steps such as epitaxy, diffusion, passi-
vation, and metallization.” A substan-
tial portion of the effort supports on-
going projects in the operating areas of
the Solid State Division, aimed at yield
or reliability improvements, or at cost
reductions on products currently in
manufacture.” Other programs are con-
ducted jointly with advanced engineer-
ing groups in other divisions, for ex-
ample, on the silicon vidicon camera
tube developed by Electronic Compo-
nents and used in the Tv camera for
Apollo 157

The Semiconductor IC Technology de-
partment develops new Mos and bi-
polar 1C’s in accordance with the
long-range needs of SSD product areas
and the systems and apparatus divi-
sions. Substantial effort is directed
toward cos/mos devices and circuits
because of their low-power require-
ments and superior noise immunity.*
Another major program during the
past year was directed toward high
density semiconductor memories and
associated interface circuits for com-
puters.” Of growing importance are
new device structures, such as silicon-
on-sapphire, for future improvements
in speed or power consumption.’ In ad-
dition, considerable effort is directed
toward components and 1C’s for linear
applications in consumer and com-
munications electronics.’

In the Hybrid and Packaging Tech-
nology department, advanced develop-
ment is directed toward high-reliability
Ic systems using beam-lead metalliza-
tion of semiconductor chips and their
attachment to thin or thick-film pas-
sive circuits.’ In close cooperation with
hybrid technology groups of other divi-
sions, extensive support on device
packaging is provided to the product
areas in both SSD and other major
operating units.’

High-power and high-voltage applica-
tions require constant improvements
in heat dissipation, voltage breakdown,
and other characteristics affecting de-
vice reliability and life. In the Power
Technology department, efforts are
concentrated on transistor and 1C de-
signs permitting substantially higher
voltage and power levels than pres-
ently available.” Other projects range
from low-frequency power switching



and control devices to high-frequency
solid state power oscillators.

A major future responsibility of the
Technology Center is to supply SSD
and other RCA divisions with samples
and prototype quantities of 1c’s on a
quick-turnaround basis, using modern,
established fabrication techniques. The
designs of these 1c’s typically originate
in the user division, often through its
resident engineering group located in
Somerville. The designs are then trans-
lated into photomasks which are used
to fabricate the circuit. At present,
many requirements can be met by a
PMOS process line operated by the
Microelectronics Technology (MET)
group in Somerville, which is certified
under Military Specification STP-883."
New process lines will be added as the
needs develop. Another important ser-
vice of the department is to advise
users from other divisions on potential
applications of 1¢’s and to aid in their
design.”

Another supporting activity provided
by the Tech Center and vital to RCA’s
future in solid state electronics is the
use of the computer for automating or
deskilling the many steps required for
the development of 1c’s wherever tech-
nically feasible and economically at-
tractive. The Design Automation and
Test Technology department focuses
on both longrange advances and
immediate applications in computer-
aided circuit design, artwork genera-
tion, mathematical circuit simulation.
and test automation.” These activities
are coordinated with other computer-
aided design cfforts in RCA to facili-
tate the transfer of programs and
design information.”

A major objective of the Design Auto-
mation and Test Technology depart-
ment is to reduce, wherever possible,
the time required for carrying an 1c
from initial conception to final manu-
facture. In a field where technology is
rapidly advancing, where the market-
place is highly dynamic and volatile,
and where several design cycles are
usually required before a new circuit is
fully developed, time—in a very real
sense—is money.

Summary

During SSTC'’s first year of full opera-
tion, it has made substantial progress
toward its overall objective—to serve

cfficiently and responsively all of
RCA’s needs in advanced and applied
solid state technology.

With its dedicated team of highly
skilled engineers and technicians, aided
by modern equipment and facilities,
the Center is becoming a technical
leader in its chosen arcas of expertise.
With the help of the resident engineer-
ing groups from other RCA divisions,
the old barriers between research, com-
ponent, and systems engineers arc
rapidly disappcaring. RCA now has in
place a workable mechanism for cou-
pling its technological and equipment
design skills and for supporting a
healthy leadership position in the elec-
tronics industry.
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Design automation—
promise and practice

E. P. Helpert | Dr. J. C. Miller | D. G. Ressler

Considerable recent progress has been made in Design Automation through better
understanding of the design process itself, availability of new computer hardware,
and willingness on the part of the designers to try new techniques. This paper dis-
cusses the Design Automation process as practiced at the Solid State Technology
Center, giving primary emphasis to artwork-preparation and testing phases. Simulation
will be covered in the next issue.'
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DESIGN ENGINEER types some
A commands into a computer,
pushes the Go button, and relaxes over
his cup of coffee. A few minutes later,
the machine begins to produce yards
of complicated descriptions, parts lists,
blueprints, and building instructions
for a finished product. This is Design
Automation—in the ideal.

In practice, the achievements of De-
sign Automation (pa) have been more
modest. The goal of pA is to provide
quick turnaround and lower cost de-
signs by placing the burden of routine
design work on the computer. How-
ever, this has proved difficult to
achieve because of the complexity
of the design-manufacturing problem,
and because human designers often
have difficulty adjusting to such a radi-
cally different approach to their jobs.

Actually, considerable progress has
been made. A better understanding of
the design process itself, coupled with
new generations of computer hard-
ware and a willingness of designers to
try something new, has lead to func-
tioning computer systems turning out
workable designs with acceptable
speed and minimum human interven-
tion. Indeed, many of today’s complex
designs could not be attempted eco-
nomically without such systems.

The traditional approach to DA has
been to divide the design process into
two steps: 1) cut and 2) try. Either a
human or the computer proposes an
initial design. The computer then simu-
lates the design, predicting how the
design would behave if it were actu-
ally built. Using these results, the
design is modified as necessary and
again the computer simulates it. This
process continues until a satisfactory
design has been reached. Considerable
progress has been made in the field of
simulation since the early days of com-
puter-aided design; a companion paper
to be published in a future issue de-
scribes SSTC’s accomplishments in the
field of electronic circuit simulation.’

Besides simulation, the computer helps
the design work in other ways. At the
Design Automation and Test Technol-
ogy department of SSTC, two other
aspects of pA are being developed to
aid in the design of integrated circuits:
artwork and testing.

Artwork is the term applied to the
masks or templates used in the manu-
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facturing process which define the
physical shapes of the elements and
their interconnections. This discussion
is limited to the artwork required for
the manufacture of solid state devices,
although one will recognize many
similarities between this problem and
printed-circuit-board layout, back-
plane wiring, etc. The details of a par-
ticular mask may be quite complex
and represent a delicate integration of
circuit functions, design economics,
and the manufacturing process. It is a
matter of much judgment and skill to
balance these factors into a cost-
effective design.

Testing examines the output of the
manufacturing process and asks: Does
the circuit chip meet the design re-
quirements? Traditionally not a part
of the design automation problem,
testing has become a major challenge
in the past few years. Increased circuit
complexity, such as large scale integra-
tion (LsI), more lengthy and exhaus-
tive test specifications, and better
device performance have combined to
make testing an expensive and crucial
part of the manufacturing process.
The advent of elaborate computer-
controlled electronic test equipment
makes the testing area a natural for
DA.

As summarized in Fig. 1, design auto-
mation parallels the human design
process and provides computer tools
to:

1) Predict the performance of a pro-
posed design—simulation;

2) Provide detailed patterns to manu-
facture the design—artwork;

3) Verify the design and process—
testing.

Artwork

Computer artwork generation was first
developed to manufacture printed-
circuit boards and interconnect these
boards into a system. Components
from various technologies were
mounted on the board and intercon-
nected. In the jargon of design auto-
mation, the components were “placed”
and “routed”. Computer aids were de-
sirable because the sheer number of
decisions required made this procedure
tedious and error-prone for humans.
It quickly became apparent that the
human could usually lay out a “bet-
ter” mask, but the computer was
faster and more accurate. It was not
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Fig. 1—Design flow chart.

enough to create a layout that did the
job. It had to be also a superior design
in terms of cost or performance,
preferably both. This is particularly
important in design of solid state com-
ponents where chip size is an impor-
tant figure of merit in a layout.

Fig. 2 shows the key steps in the con-
ventional artwork cycle as used in the
semiconductor industry. A composite
layout is manually generated by an
engineer-draftsman team. The com-
posite is a scale drawing (typically
200X—1000X) of the final mask set
drawn in shape outlines and using
color codes to denote the separate
mask levels. From this composite, a
set of detailed drawings are made,
usually one for each mask. These

Fig. 2—Conventional IC art-
work cycle (extensive error
occurs at each step).

drawings are used to guide the techni-
cian who cuts the shapes on Rubylith
and peels the opaque sections. The
Rubylith masters are camera-reduced
to produce the tiny glass-plate master
from which the circuits can be made.
Certain parts of the process can be
automated, such as cutting the Ruby-
lith. Overall, the procedure is slow
and error prone, has accuracy limita-
tions, and resists changes.

Two broad computer approaches have
been popular, each with many sub-
variants. Design Automation designers
frequently structure the artwork prob-
lem into two subtasks—placement and
routing—and develop algorithms to do
each separately. Given a circuit sche-
matic it is translated manually into

Fig. 3—SSTC art system block diagram.

CAMERA
—» DETAIL RUBYLITHS
DRAWINGS REDUCTION
HISTORIC METHOO
MOOERN METHOD GERBI R
CONTAINING FORMAL
ARTWORK DESCRIPTION PRINCETON PRINCETON
DIGITIZER PHONE M.AP. MAG
EDIT A ] BTSS
PLOTTER POP-8/1 » DFL Sias {BATCH) |- 1ape |-
SYSTEM  |e To[BTSS | 70/48) 170748}
STORAGE
SCOPE T l
DIGITIZER
ECITIE PLOTTER PDP-8/1 o LR
SYSTEM Fe— OP -8/ DISK
CHECKPLOTS
FLATBED
STORAGE TAPE
DIGITIZER | DIGITIZER PLOTTER
Calia) SCOPE CARTRIDGE 72 " XE4"
COMPOSITE
lFuncTionall | DRAWING PDP-8/E
DIAGRAM | | OR B
SKETCH -
FUTURE DIGITIZER
PAPER O. W. MANN
PLOTS TAPE FOR 10X
ARTWORK
ORK, | TimE_SHARE SIMPLE A RETITLE
LANGUAGE | TELETYPES MODEL T PATTERNS
AND
STORAGE STEP AND REPEAT
PRINCETON [LIGHT PEN SCOPE
GRAPHICS _}INTERACTIVE
SYSTEM DISPLAY
{70/25) FINAL SET
L—s OF IX
MASKS
LAYOUT ROUTING
AIDS AND
PLACEMENT
{PDP-N)



/PRINT#

10 *C/27 'X0Y0
20 /1 i

30 #FsX0Y1.5 B2 T.7 TO XOY!.5;TRIANGLE b "

ag w:uxz.zn S R.3 T.3 L.b B3 AND,#T.5; rwo (SUARES,,

20 =N,

&0 J-I...*XOYO Tl Aol Bad LoE3START RCA TITLER 5 wijl \ M

70 =LAROY,T TO 5. 3¥0 y fe

80 sLXITEa) Bol Lok BL Rad Tol i ¢ ;

20 =L/KEL2 Y0 TO X1.7% ) TD X2,2Y0 i J

100 =L/X1.4Y .5 Reds ; o4 ! ’

1 3

120 shrz e " E

130 *0/X1Y4 Re6 Te5 Lo2 Te2 Le2 Be2 Lo2 Bo5 AND 5R1 AND (T1 aND S5LE

140 #0727 'K1Y1 AND 2R3 p

150 *Q/27 XSYS ROTATE2 AND 2L3{ROTATE 180 DEG

k|

available geometrical blocks (called
cells or library elements) . Each cell has
known geometrical and electrical char-
acteristics. The placement problem
consists of sliding the cells about until
a positioning is reached which looks
promising and which one hopefully
could be routed or interconnected by
the subsequent program. Actually, a
given placement may not be one which
can be routed, and changes are required
to permit an overall solution. A human
approaches the layout problem more
deftly, intertwining placement and
routing to a degree not possible in the
present design automation art.

The approach, just outlined, relies on
standardized cells, formal layout rules
(such as all cells aligned in rows), and
structured interconnect schemes (such
as north-south metal runs, east-west
tunnels). Some procedures guarantee
a workable layout without human in-
tervention, but most require some re-
working by manual means—frequently
a painful process; the more automatic
the procedure, usually the more ad-
vanced the reworking or editing pro-

cess. Advantages of this approach
include fast turnaround, error-free
masks, and a reasonable likelihood

that the design will work. Among the
disadvantages are inefficient chip lay-
out, awkward human-computer inter-
face for editing, the necessity to design
and characterize the standard cell
library, and limitations to certain
process technologies (e.g., mos, bi-
polar) and performance levels.

A second approach which has received
wide publicity is the use of computer-
refreshed displays which are used as
powerful drafting machines guided by
human designers. Here, great flexi-
bility is afforded the human as he in-

"%Q/27 X9Y4 ROTATE 3;ROTATE 270 DEG ]

Fig. 4—Exampie of use of PLOTS language to describe artwork:

teracts with the computer through
pictures on the display. This technique
can use cells or not, and usually
achieves a better layout because of the
high degree of interaction possible.
The key disadvantages are the large
investment required for each installa-
tion and the surprisingly large soft-
ware system necessary.

On balance, it has been difficult to
effectively juggle cost of design (in-
cluding time) and design performance
with either method. No one system is
suited for all applications. This has
led the design automation group at
SSTC to consider an intermediate ap-
proach, placing more stress on the
ability to interact with humans and to
support any design technology, rather
than a highly automatic, rigid system.
Each artwork approach has merit and
a choice can be made only after con-
sidering the local needs and resources.

The block diagram of the SSTC art-
work system is shown in Fig. 3. The
system is devised to have modular
units with clear and logical software
interfaces. A considerable variety of
input is employed, allowing the user
flexibility in choosing the tool most
appropriate to the design at hand. The
two major tools are the pLoTs language
and the Digitizer-Plotter System. A
few words will be said about each.

Prots® (Plotting Language On Time
Sharing) is a software approach espe-
cially suited for the creation of library
elements and designs characterized by
a high degree of regularity. Examples
would be memories, shift registers, and
the universal array. Using PLOTS, the
designer types simple statements into
a file in BTss 111, the RCA time-shared
system. Examples of prLoTS statements

{above) typical statements
and (right) photograph of resulting figures on a storage scope (minor closure errors due to
display drift).

and the corresponding layout is shown
in Figs. 4a and 4b. The pLOTS system
performs certain logical checks on the
data to detect common errors and
sends signals back over the telephone
line to drive a simple storage tube dis-
play.! This procedure gives immediate
graphic response to the user and per-
mits him to take remedial action to
change errors detected. At this point
the designer can request a large scale
checkplot or if he wishes, go directly
to Map (Mann Artwork Program)
which generates the control tape for
the computer-driven reticle generator.
No further human steps are required.
Prots is a highly user-oriented lan-
guage and can be used by engineers
and technicians having little skill in
the computer art. Despite its seeming
simplicity, it has been used to design
complex arrays, as shown by the 1024-
bit memory in Fig. 4. Quick turn-
around, remote access, and limited
capital investment are other advan-
tages of this approach.

The Digitizer-Plotter System (DPs)
shown in Figs. 5 and 6 is the work-
horse of the artwork system. This uses
an interactive digitizing approach to
capture composite layout information
and generate a computer file contain-
ing all of the data necessary to create
a mask set. The pps is controlled by a
PDP-8/1 computer and is supported
by a series of user aids to create,
modify, error-check, and plot designs.
The pps hardware contains a mini-
computer, disk, plotter, joystick,
printer, cassette tape unit, and data-set
interface. It is capable of transferring
files to BTSs for subsequent process-
ing. These features are especially valu-
able for complex irregular designs
which are difficult to visualize with-
out a physical layout. Major stress is
placed upon rapid, meaningful feed-
back to the user—so that he can
choose between multi-color check-
plots, storage tube pictures, and tele-
type printouts.

A major advantage of the artwork
System is the compatible interface be-
tween any of the input tools. A design
can be started with one technique, say
PLOTS, then brought over to the pps
for checkplotting, edited on the DPs,
and passed back to map. Either
method allows extensive and flexible
use of library elements to modularize
the layout and build on previous de-
sign efforts. Library elements can be
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very simple, such as a rectangle on
mask layer, or can be as complex as a
complete design. Up to 32,000 library
elements can be maintained by the
system, each containing an arbitrary
number of mask layers; in addition,
library elements can be defined in
terms of other elements. This concept,
called “nesting,” permit up to 10
levels and allows the designer a pow-
erful hierarchical tool to build upon
previous successful designs. The use
of library elements is akin to use of
shorthand; it is a symbolic way of
representing stages of designs. Prop-
erly used, library elements shorten Jay-
out times, reduce errors, and offer the
layout equivalent of functional build-
ing blocks; a powerful tool of the
logician.

Testing

The present design automation testing
effort in SSTC centers on four major
problem areas:

1) What is a good set of tests for a
given design and/or process?

2) How can computer-controlled I1C
test equipment be most effectively pro-
grammed?

3) What information can be gleaned
from the test measurements?

4) How can this information be used to
improve the design and/or monitor the
manufacturing process?

All of the areas described are in their
initial development. The first area has
more than passing interest when one
considers that for most sequential digi-
tal networks, manual test generation
accounts for half the test-programming
cost. In addition, human methods are

ETC.

Fig. 6——Design automation area showing digitizer-plotter system.

Fig. 5 (left)—Digitizer-plotter system usecd to capture manually generated
artwork from sketches or precision layouts to create a computer file de-
scribing the artwork, to edit or change the layout through the computer, and
to prepare a check plot for human verification. All subsequent steps are

computerized.

often error prone, and some circuits
are so complex that manual test gen-
eration is impractical. Thus, a viable
method of automatic functional test
generation will have enormous impact
on reduction of test programming cost,
increased testing reliability, and com-
pleteness and accuracy of the test
sequence. That this problem is impor-
tant and difficult is evident from the
industry-wide interest it has received.
As part of this project, TESTSIM, a BTSS
program to check completeness of
functional test sequences for digital
circuits was written and is now used
by several RCA divisions.

The great amount of flexibility that
computer-controlled test equipment
(cCTE) has makes the programming
task difficult. Because the computer
acts both as a controller and calcula-
tor, it is necessary to understand both
of its functions for most efficient usage.
This places a difficult burden on the
test engineer. High-level languages
have been successfully used on some
equipment in an attempt to ease this
burden, but the power of programming
languages for other testers is distress-
ingly low. Our work in this area con-
centrates on relieving the test engineer
from some of the programming burden
by allowing him to specify his test
requirements in a tester-independent
format. In addition, test program de-
bugging aids are being developed, with
emphasis on semiconductor memory
testing. Again, we adhere to the philos-
ophy that engineers with little skill in
computer programming should be able
to use this specialized equipment
easily.

Areas three and four deal with data
analysis. Traditionally, engineers have
not fully utilized the data gathering
and analysis capabilities of ccTE for
several reasons;

1) Limited on-line computing capability
of CCTE.

2) Test engineer’s unfamiliarity with
scientific programming techniques nec-
essary for data analysis.

3) Inconvenience of using additional
data processing equipment.

4) Lack of, and difficulty in using,
available data analysis programs.

5) Hardware and software incompati-
bility between ccTE and data processor.

Our initial work in the area of the
data analysis is an attempt to get the
test and design engineers to realize the
power and potential of the computer
as an analysis tool. With their coop-
eration, we are developing a rapid
turnaround system for various aspects
of test data analysis. such as failure
pattern analysis, graphical presenta-
tion of test results, eic., that attempts
to cope with all of the aforementioned
problems.

In the future, the area of data analysis
will provide the key that opens the
door to process control. It is the mech-
anism by which the design-manufac-
turing loop will ultimately be closed.
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Computer-generated low-
cost CMOS custom arrays
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The Advanced Technology Laboratories, Government and Commercial Systems, is
currently generating large-scale integrated CMOS custom arrays using a computer-
automated system. This system, developed and implemented by ATL during the past
5 years, is primarily intended to provide a low-cost, quick-turn-around capability for
low- and medium-volume users. Using the CMOS standard cell array technique, parti-
tioned logic is accepted as computer input data and precision mask artwork is pro-
vided as output. The components of the system include the basic computer programs,
the circuits that comprise the standard cell family, and the standard cell CMOS array

topology.
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LTHOUGH the first cMos standard
A cell array was produced in the
last quarter of 1970, the system repre-
sents an extension of a PMos capability
developed by ATL under government
contract from 1966 through 1968.**
Versions of these pmos programs,
adopted by many other companies,
have produced thousands of pmos
chips. For the present, the ability to
produce cmos standard-cell arrays is
unique to RCA.

Standard cell LS| array concept

The standard-cell array concept for
producing large-scale integrated
(LSI) arrays begins with the design,
layout, and validation of a group of
custom circuits called standard cells.
Within the framework of the stan-
dard-cell topology, all the inherent
efficiency of a custom design may be
incorporated into these individual cir-
cuit cells. Once validated, these cells
are given an identification or pattern
number and permanently stored. To
use one of these stored cells in a logic
design, the user calls for these cells
by pattern number. The computer
retrieves the cell data from the stored
library in a way such that individual
cells are represented by a collection
of polygons on each of the seven mask
levels. The computer programs auto-
matically generate the metallization
and/or tunnels to interconnect the
standard cells into the required func-
tion.

It is characteristic of this computer ap-
proach that the interconnections will
almost always be successfully com-
pleted. The program virtually guaran-
tees successful interconnection by in-
creasing the roadbed used for the
signal interconnection. Thus, this com-
puter approach results in a quick-
turn-around and low-cost method for
generating the mask artwork for com-
plex Ls1 cmos arrays. This is of pri-
mary importance to the multi-type,
low-volume user since artwork, masks,
and initial costs are his major costs.
Thus, the low-volume user can opti-
mize his designs and products by
making full use of LsI cMos custom
chips in such a way that the design of
the chips are under his control for a
significant portion of the design cycle.
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Therefore, changes and modifications
can be made more efficiently.

The advantages of the standard cell
array approach are:

Individual cell custom designed for
high density and efficiency

Reliability of using tried and tested
circuits

Computerized accuracy and reproduci-
bility

Flexibility of logic and storage

Open ended for new cells in same
family

Open ended for extension to analog,
majority logic . ..

Prompt incorporation of improvements
in process and layout rules

Super cell efficiency

Quick turn-around time

Ease of corrections due to change and
errors

Efficiencies of late and consolidated
chip releases

Low cost

Utilization of semiskilled personnel
Circuit performance characterization
Node capacity printout.

CMOS standard cell custom
array approach

The three basic ingredients of the cMos
standard cell custom array approach
are:

Design automation computer programs
Standard-cell circuit library
Standard-cell array topology.

Design automation computer programs

The primary task of the family of the
standard cell computer programs is to
accept the user’s input in the form of a
properly identified logic net list and
produce as an output a magnetic tape
that will result in the production of the
seven-mask artwork by an automatic
plotter. The heart of these programs
are the Placement, Routing and Folding
(rrF), and Artwork (ARTWRK) pro-
grams.

The Placement routine locates each of
the cells required to implement the
overall logic in accordance with an
algorithm that minimizes crossovers
and total wire length as well as other
constraints. The user can exercise some
control over the placement by the
proper assignment of weighting factors
available for the Placement routine.

The Routing routine interconnects all
the cells (and pads) in accordance
with the logic net list. The routine uses
either metal or tunnel interconnects to
accomplish the signal interconnection.
The decision as to exactly which type

of interconnections will be used is
automatically determined by the rou-
tine. If the routine mechanizes a par-
ticular signal line with a tunnel, it will
automatically establish all the levels
associated with the tunnel, the appro-
priate guards bands, and the tunnel
ends.

Closely allied with the Routing routine
is the Folding routine which automat-
ically helps arrange these cells in rows
in such a way as to make the overall
aspect ratio of the chip as close tc
unity as possible. Various aspects of
the cell placement and orientations
are discussed in more detail in the dis-
cussion on the cmos array chip top-
ology.

The ARTWRK program takes the output
of the Placement, Routing, and Folding
program, combines it with the circuit
and cell data relating to those stored
cells which are used in the particular
logic, and generates a magnetic tape

Table I—CMOS standard-cell logic family.

Cell No. Circuit function

1110 TInverter

1120 Two-input NOR

1130 Three-input NorR

1140 Four-input Nor

1210 n and p transistor

1220 Two-input NAND

1230 Three-input NAND

1240 Four-input NAND

1260 Begin shift (D flip-flop)

1270 Middle shift (D flip-flop)

1280 End shift (D flip-flop)

1290 Free shift (D flip-flop)

1300 Non-inverting buffer

1310 Buffer inverter

1320 Transmission gate

1330 2x1 multiplexer {single clock, dual
transmission gate)

1350 3%1 multiplexer (triple clock, triple
transmission gate)

1420 Set-reset flip-flop

1430 Three-input multiplexed data register

1500 Three-input multiplexer data register
{custom MDD)

1510 Three-input multiplexer data register

1520 Double-buffer inverter

1530 Double-buffer/buffer inverter

1620 Two-input AND

1630 Three-input AND

1640 Four-input AND

1720 Two-input oR

1730 Three-input orR

1800 2, 2, 2, 2 AND—4 NOR

1810 Buffer (inverting)

1820 Master/slave flip-flop, Q out

1830 Data flip flop

1860 2, 2 AND—4 NOR (2/4x1 multiplexer)

1870 2, 2 AND—2 NoOR {2x 1 multiplexer)

1880 Two-bit carry anticipate

1890 2, 2, 2 AND—3 NOR (3X1 multiplexer)

2000 D flip-flop, Q & Q

2100 Multiplexer/data selector (4 MUX—3
cont)

2200 Multiplexer/data selector (3 MUX—2
cont)

2300 Exclusive-or/buffered exclusive-or

2310 Exclusive-or

2400 Special custom network

2500 Special custom network

2600 Functional or net

2700 AND/OR

2800 Two-input NAND/buffered AND

11
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Fig. 1—CMOS standard cell dimensions.

that contains all the necessary instruc-
tions and information that results in
the generation of the seven-level mask
artwork (usually at 80X) using a Ger-
ber automatic plotter.

Standard-cell circuit library

The standard-cell circuit library is a
set of logic circuits that have been de-
fined, configured, designed, topologi-
cally laid out, checked, analyzed,
simulated,™* validated, and then stored
permanently. The cells range in com-
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Fig. 3—Performance data for two-input NOR
cell No. 1120,

CL=2.00F

Fig. 2—Two-input NOR ceil No. 1120 data sheet.

plexity from a 2-device inverter to
complex super cells having more than
20 devices. These cells are identified
with a pattern number that can be used
to automatically retrieve the cell from
the library tape for use in a particular
logic application.

The present standard cell family,
shown in Table I, consists of 46 cells.
The family is expected to grow to more
than 50 logic cells by the end of 1971.
All of the cells listed in Table I, except
1860 and 1870, have been designed
into standard-cell LsI arrays that have
been fabricated and tested.

The “standard cell” designation is used
because all cells in the family must be
multiples of a standard height as
shown in Fig. 1. All input and output
connections to each cell are made via
the 1/0 cell pads, shown at the bottom
of Fig. 1. The computer program de-
termines whether connections to these
1/0 pads are either tunnels or metal.
The two-input NorR member of the
standard cell family is an example of
one of the simpler cells. The data sheet
for this cell (Fig. 2) provides the sys-
tem and logic designer with basic de-
sign information for the cell. This
format is followed for all cells that
have been characterized and validated.

The identification (or pattern) number
assigned to the two-input Nor cell (No.

1120) permits it to be automatically
retrieved from memory when required.
As shown in Fig. 2, the data sheet
contains the circuit configuration, the
logic symbol, the boolean equation,
and the truth table. The remaining
information on the data sheet gives the
capacitance at each input and output

Fig. 4—Composite topology layout for two-
input NOR cell.



cell pad and the dynamic performance
that includes the pair delay and the rise
and fall times when driving 2% unit
loads. A unit load is defined in terms
of the standard inverter and represents
a capacitance of approximately 1 pF.
These dynamic characteristics are typi-
cally average values that permit the
designer to make initial preliminary
delay estimates. The cell-characteriza-
tion data shown in Fig. 3 for the two-
input Nor cell provides the designer
with average delay information over a
range of capacitance load values. The
composite for the two-input Nor cell
topological layout is shown in Fig. 4.

An integral part of the standard-cell
approach centers on the design and
layout of the standard-cell array or
chip topology. The topological layout
of the chip must be compatible with
the Solid State Division’s factory pro-
cess and design rules while allowing
the design automation computer pro-
grams to automatically layout an op-
timized topology.

To facilitate a description of this top-
ology, the layout is shown in Fig. 5.
This particular layout has four rows of
standard cells. The number of rows
can vary from chip to chip depending
on size and complexity. Within each
row, the dotted lines define a unique
standard cell. As shown in Fig. 5 on
the bottom row, all the n devices and
p devices in each row are completely
enclosed by a common guard band.
This results from the technique used to
custom design the guard band structure
during the design of each standard cell.

The function block on the left side of
the chip contains the test devices, the
power pads, and mask alignment keys.
The ground pad (identified in Fig. 5)
connects to a ground bus which runs
between the row of cells and around
the perimeter of the chip. The perim-
eter ground is laid out to provide a
ground connection for the protective
diodes associated with all input pads
connecting to gate inputs. The supply
bus is distributed completely through
the n* diffused area. Therefore, except
for two ground strips, the metallization
level is used exclusively for signal
interconnections.

CMOS standard-cell test array

The cmos standard-cell test array, pro-
duced in 1970, had several objectives.
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Fig. 5—Layout of CMOS standard cell array.

The primary objective was to validate
the design automation computer pro-
grams and the design concepts and
techniques developed in connection
with the standard-cell technique. A
second objective was to provide a test
vehicle from which performance data
could be measured directly. The test
vehicle provided data which was used
to verify the accuracy of the computer
circuit-simulation technique that was
used in the original circuit design. To
achieve these first objectives, at least
one circuit type out of each of the
basic groups of the standard-cell circuit
complement was incorporated into the
fabricated test chip. A third objective
was to provide the test patterns and
circuits to verify that the chip design
was compatible with the various fabri-
cation and process constraints, and to
allow these fabrication and processing

parameters to be determined to within
an acceptable level of accuracy.

The logic content of the test chip is
shown in Fig. 6. Each circuit type used
has been identified by the cell number
so that ready reference can be made to
the data sheets of the type shown in
Fig. 2. In addition, the pad (P) desig-
nations are listed so that they may be
easily located on the metallization level
mask artwork shown in Fig. 7.

Extensive measurements were made on
all of the circuits shown in the test
chip. Before fabrication an on-chip
pair delay (see Fig. 2) of 22 ns (11-ns
stage delay) was predicted for the two-
input Nor circuit, cell No. 1120. Mea-
surement made on the Nor configura-
tion used on the test chip indicated a
6-stage delay of 86 ns (14-ns stage
delay) . The 3-ns difference between the
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Table [[—CMOS arrays for LS| computer
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; rr..l..lrrr..l..l v No. of No. of No. of
v p £ 26 Chip function chips transistors gates Status
36 F 25 Microprogram ROM data register 14 300 126 Fabricated and tested
37 = !_ 24 Multiplexer product remainder REG-MUX 8 350 111 Fabricated and tested
3 . !_ | memory address system
23 Multiplexed multiply-quotient register 4 300 112 Fabricated and tested
39 2 !_ NSOURCE 22 Adderlogic unit 10 400 147 Fabricated and tested
[~ oram 2 Scratch pad address and interrupt register 1 364 137 Fabricated and tested
GATE 20 Condition code-interrupt status register 6 448 178 Wafer probing
L e h .vnum 19 Adder logic and B operand multiplexer control 2 324 116 Masks completed
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Fig. 7—CMOS test chip, logic diagram.

MEASURED TOTAL
DELAY: 86ns

AVERAGE PAIR
DELAY: 29 ns

Fig. 8—Standard Cell 2-input NOR measured delays.

measured and predicted performance
results in part from the differences
that existed between the measured and
assumed threshold voltages for the p-
and n-type devices. The NoR test cir-
cuits and actual measured waveforms
are shown in Fig. 8.

Applications

The cmos standard-cell Ls1 array tech-
nology is now being used in the design

and fabrication of more than twenty
custom chips which are in various
phases of the design and fabrication
cycle. Nine of these chips have been
fabricated and functionally tested. Ten
of these chip types are being designed
for the sumc-pv computer which is an
ultra-reliable modular computer being
built by Advanced Technology Lab-
oratories in Camden under contract.
This Lst-array computer, which uses
an instruction set selected from the set
available with the RCA and IBM
ground-based systems, and which has
an operation code compatible with the
RCA 215 aerospace-purpose computer,
is a 16-bit parallel processor containing
almost 20,000 transistors (equivalent
to more than 5000 gates), not includ-
ing its main memory, scratch pad, mi-
croprogrammed read-only memory and
input-output interface circuitry. The
complete computer system is packaged
in a housing 12X 10X 10 inches. Table
II contains a list of the chip types used
in the sumc-pv computer as well as
their current status (Sept. 20, 1971).

Fig. 9 shows the logic diagram for the
140%140 mil ALu chip, which per-
forms both arithmetic and logic func-
tion in the computer. The diagram
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Fig. 9—ALU partitioned logic diagram.

shows the logic partitioned into 70
standard cells, the equivalent of over
140 gates, as shown in the logic dia-
gram. The dotted outline defines a
standard-cell type plus the pattern
number which appears in the dotted
box. This partitioned logic, plus the
net list showing connectivity, com-
pletes the preparation for the logic to
proceed through the automatic artwork
generation process using the design
automatic programs. Fig. 10 is a mi-
crophotograph of one of the fabricated
aLu chips. Fig. 11 shows the logic
diagram for one of the multiplexer-
register chip types which contains 50
standard cells and the equivalent of
over 110 gates. Forty of these chips,
each in a dual-in-line package, were
delivered by EASD to a government
agency under a contract. Twenty, type
ATLO002 multiplexed multiply-quotient
registers” were also delivered to the
government agency under the same
contract. Fig. 12 shows a microphoto-
graph of this chip. Fig. 13 is an oscillo-
scope presentation of the propagation
delay from clock-in to data-out, as well
as the minimum pulse width required
to set the master-slave flip-flop. Loaded
with a total of 20 pF, including the
scope and package capacity, the aver-
age stage delay is about 13 ns with a
minimum pulse width of about 26 to
30 ns required to latch the master-
slave. These measured delays are con-
sistent and predictable from the delay
measurements made on the cMos stan-
dard-cell test chip fabricated last year,
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Fig. 10—Microphotograph of fabricated ALU
chip.
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Fig. 11—Partiﬁohed logic diagram for partitioned multiplexer register

chip.

Improved program

At present, a new two-dimensional
automatic placement and routing pro-
gram is being developed that will
significantly increase the efficiency and
flexibility of these programs. This new
program will incorporate automatic
aids to reduce the need to make man-
ual modifications in the area of pad
and tunnel reassignments.

To generate CMos arrays using the
standard-cell technique, the user is re-
quired only to partition the logic in
terms of the standard-cell family pre-
sented in Table 1. Since this list is
already extensive and rapidly growing,
it is expected to satisfy most require-
ments. Therefore, once the user has
partitioned the logic in terms of the
standard cells according to the logic
symbols shown in the data sheets for
these cells and has properly defined a
net list, the logic is then ready to pass
through the cmos standard array de-
sign cycle. More details are available
by contacting the authors in ATL.
Additional technical information is
available.™*

Conclusion

The standard-cell approach for generat-
ing cMos custom cells was described.
Using partitioned logic input, the sys-
tem produces the mask artwork on
Gerber automatic plotters using mag-
netic tape data developed primarily by
the series of computer programs that
constitute part of the standard-cell
capability. The orientation of the pad

location is optimized by manual modi-
fication to facilitate bonding and to
move some wiring and/or tunnels that
could influence electrical performance
or have a dramatic effect on the area.

In general, however, the objective of
the standard-cell technique is to pro-
vide low-cost, quick-turn-around art-
work and arrays to make the cost of
MsI and LSI custom CMOS arrays eco-
nomically advantageous to the low-and
medium-volume user. In addition, the
capability for generating the artwork
can be gained by the various divisions
in a reasonably short time, giving the
designers more effective control over
the generation of the artwork contain-
ing the logic.

Over twenty custom cmos chips, in-
volving four RCA divisions, are now
being designed by the standard-cell
array approach. Nine of these chip
types have been fabricated and tested.
Ten are custom designed chips for a
16-bit parallel general-purpose LsI-
array computer being built by ATL in
Camden under a government contract.

Because standard-cell technology is an
open-ended capability, present plans
include expanding the cell family to
include silicon gate cmos capability,
beam leads, and silicon-on-sapphire
technology.
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RELATIVE COST (SUBSYSTEMS)

0.1

Semiconductor IC technology

H. S. Miiller

The basic IC technologies being developed in the Solid State Technology Center at
Somerville, N.J. are all within the framework of sealed-junction beam-lead structures,
thereby enabling intermixing of IC technologies to achieve cost/performance system
objectives. Not only is this optimization important in semiconductor memories, but
the cost/performance advantages will impact in other areas of electronic systems
such as cable-TV components, micropower electronic subsystems for space applica-
tions, hybrid UHF assemblies, and complex custom logic functions.

MAJOR DETERMINATE of cost
A effectivencss and profit potential
of large electronics systems is the
speed with which the newest technolo-
gies can be applied in a meaningful
and reliable manner, Toward this end,
the role of the Solid State Technology
Center, functioning in close coopera-
tion with the major operating units of
the corporation, is not only to develop
advanced semiconductor devices and
technologies but also to accelerate
their implementation in advanced sys-
tems designs.

The basic approach adopted by the
Semiconductor IC Technology Activ-
ity in achieving the required cost ef-
fectiveness and profit potential is to
develop a technology for the fabrica-
tion of a wide variety of devices in the
beam-lead, sealed-junction form. The
beam-lead form permits the systems
designer to maximize packing density
for speed and cost and. more impor-
tantly. to optimize system performance.

For example, the realization of beam-
lead MOS semiconductor arrays for

Fig. 1—Memory technologies, 1973-1975
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computer memories is one of the
major economic and technological ad-
vances awaiting exploitation. Beam-
lead subassemblies’ offer the technical
advances of higher performance
through higher packaging density and
increased reliability. In terms of the
total computer system, beam-lead sub-
assemblies portend economic and
system advantages not otherwise
achievable. Some of the basic technol-
ogies that are being developed by the
Semiconductor 1¢ Technology activity
in the beam-lead form include

1) Complementary Mos,

2) P-channel Mos with particular em-
phasis on main memories,

3) Silicon-on-sapphire, a low-power,
high-performance mos technology,

4) Bipolar, for high-speed digital and
linear applications,

5) Schottky transistors, for custom cir-
cuit requirements, and

6) Linear Mos, for viF and UHF appli-
cations.

This paper places these technologies
in relative perspective, notes their
unique attributes, and briefly reviews
progress to date. Implications for fu-
ture beam-lead systems are discussed.

Memory technologies

The regularity of memory structures
provides a convenient framework for
comparing various semiconductor ic
technologies. A comparison with re-
gard to cost and speed is shown in Fig.
1. The mos technology, because of the
ideal, zero real-energy control charac-
teristics of the field effect transistor,
permits a wide range of memory appli-
cations. Fig. 2 illustrates some of the
basic static and dynamic memory cells
that can be fabricated.
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Table |—Simplified cost model for a typical
main memory subsystem (K=1024).

Subsystem
Array size (bits) 1024 1024
Subsystem size (bits) 1024K 1024K
Individual storage array
(Relative unit cost) 2 1
Percentage cost
Storage atrrays 58 46
Array interface circuits 15 19
PC card and assembly 13 17
Interconnection platter 14 18
Total subsystem 100% 100%
Relative subsystem
cost {per bit)
1.3 1.0
Static MOS

Static cells, particularly those of the
complementary Mos circuit form, pro-
vide the system designer with capa-
bilities not achievable with dynamic
cells. Complementary-symmetry Mos
(cos/Mos) arrays can perform over
wide extremes of temperature and
power supply voltage with high noise
immunity because the cos/Mos circuit
form exhibits a sharp transition region
in the transfer characteristic due to the
push-pull operation of the comple-
mentary Mos transistors. Two cos/
Mos 256-bit static memory arrays
are being developed; RCA Dev. No.
TA6042 provides for high perfor-
mance applications using current sens-
ing while the TA5974 exhibits a volt-
age sense output compatible with T*L
logic circuits.™

With the static circuit form of comple-
mentary Mos encompassing both the
decoder and read-write control cir-
cuitry, these arrays exhibit a simplicity
in system timing and electrical inter-
face not presently obtainable with the
dynamic mMos designs. Interface sim-
plicity is assured by the single control
signal required to operate the memory
in either a read-write or read-modify-
write mode.

Semiconductor main memories

In large main-memory applications,
system economics require maximum
utilization of storage array overhead.
This overhead includes the array inter-
face circuits, the printed circuit plug-
in card, the interconnection platter,
and the address and data bus distribu-
tion logic. In cooperation with Karl
Mayer of the Memory Products Divi-
sion, some simplified cost models of
semiconductor main memories wete
developed.

As Table I indicates for one particular
main memory organization, the stor-
age arrays themselves contribute
nominally only 52% of the total cost
of the 10%bit memory subsystem. If
power supplies, racks, memory timing
and control units, etc., had been in-
cluded within the bounds of Table I,
the nominal percentage cost contribu-
tion of the storage arrays would have
been diminished even further. There-
fore, the greater the array storage den-
sities are, the more efficiently the system
overhead is utilized, and the lower the
cost per bit of the subsystem. Table I1
illustrates this simplified economic
principle, wherein the socket capacity
of the printed circuit plug-in card,
platter, etc., remains essentially con-
stant while the number of bits con-
tained in each dual-in-line package is
varied from 64 to 2048. The systems
modeled in Table II are projected as
economically mature, normalized to
the 1024-bit Mos array.

Dynamic MOS

Because fewer Mos transistors are
utilized, the dynamic memory cells
shown in Fig. 2 offer an immediate
circuit approach to increasing the
storage densities in main memories
and thereby minimizing the cost per
bit. With dynamic cells, the informa-
tion is stored as either the presence
or absence of charge on a capacitor
and, because the Mos transistors are
subject to small (—10"" amperes) leak-
ages, a periodic refreshing of the stored
charge is required. Hence, the term
refresh memory is derived.

Both the four- and three-transistor
cells utilize charges stored in the para-
sitic capacitances of the Mos transis-
tors (gate capacitance plus source and
drain diode capacitance and the cell
interconnect wiring). With the four-
transistor cell, complementary charges
are stored in the two node capaci-

7 SENSE

WORD SELECT
a) static six-transistor cell

WORD SE_ECT
b) dynamic four-transistor cell

READ SELECT

WRITE SELECT
¢) three-transistor cell

SENSE
WORD SELECT
d) dynamic one-transistor cell

Fig. 2—MOS static and dynamic memory
cells.

tances of the flip-flop, while with the
three-and one-transistor cells, informa-
tion is stored in a single capacitor as
either presence or absence of charge.

Two 1024-bit p-channel Mos dynamic
memory arrays (RCA Dev. Nos. TA-
6127 and TA6150) currently are being
developed for main memory applica-
tions.* This effort is a joint program
with the Memory Products Division of
Computer Systems and is an excellent
example of how the major operating
units of the corporation can utilize the
capabilities of the technology center.

The TA6127 employs dynamic address
decoding to minimize power dissipa-
tion and is superior in performance,
while the TA6150 employs a more

Table [I—Simplified model illustrating the effect of storage density upon the per-bit cost of

a main memory subsystem (K=1024).

Subsystem
Array size (bits) 2048 1024 256 64
Subsystem size (bits) 2048K 1024K 256K 64K
Percentage cost
Storage arrays 55% 46% 44% 26%
Array interface circuits 17 19 20 24
PC card and assembly 13 17 17 24
Interconnection platter 15 18 19 26
Total subsystem 100% 100% 100% 100%
Relative subsystem cost (per bit)
0.63 1.0 3.8 11.1
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Fig. 3—Scanning electron microphotograph
of the self-aligned, polycrystalline silicon
MOS gate structure.

conventional static decoder. With static
address decoding, the TA6150 is inter-
changeable with other 1024-bit refresh-
memory arrays.

The three-transistor cell was selected
for both designs over the four-transis-
tor cells because of the higher sense
output current and lesser sensitivity to
processing parameter variations.

Fig. 3 is a scanning electron photo-
micrograph of the self-aligned, poly-
crystalline silicon gate structure being
developed for these high-density mos
memory arrays. The length of a poly-
silicon gate structurc is 0.2 mils: the
resulting channel length is 0.14 mils,
and a gate oxide is typically 1300 A
thick. Dynamic, three-transistor cell
sizes range from 7.6 to 5.4 mils® as a
function of design rules (mask align-
ment tolerances, metal widths and
spacing, size of source/drain, and
poly-silicon contact windows). In con-
trast, a cos/Mos static cell requires 19
to 15 mils® using the same self-aligned
polysilicon gate design rules. The
three-transistor dynamic mos cell de-
sign retains a factor of two to three in
storage density.

MOS silicon gates

The major attributes of the silicon
gate Mos technology is both increased

Fig. 4—Beam-lead, silicon-gate PMOS mem-
ory array.

speed and circuit packing density.
The speed advantage comes from the
reduction of the overlap capacitance
between the Mos gate metal and the
source/drain regions. The self-aligned
silicon gate structure eliminates this
gate-source/drain overlap as well as
minimizing mask alignment problems.

The packing density of Mos circuits
using silicon gates is increased by
virtue of having two levels of inter-
connection available, The polysilicon
gate itself, typically doped to 35 ohms
per square, can be extended up over
the field oxides to form actual circuit
interconnects. An additional 5000 A of
insulating oxide over the poly-silicon
interconnects readily allows the use of
sccond-layer metal interconnects.

Hermeticity, as required for the beam-
lead arrays, is accomplished by a few
thousand angstrom overcoat of silicon
nitride prior to application of the
beam-lead metal system." Fig. 4 shows
a PMOS memory array using the beam-
lead metal interconnection system;
0.3-mil width and spacings are readily
obtained.

SO0S technology

Silicon-on-sapphire (sos) technology
is being explored for its unique attri-
butes of exceptionally low capacitance
effects. With sapphire as an insulating
substrate in place of the conducting
silicon of bulk Mos, the source and
drain device capacitance, parasitic
wiring and inter-device capacitances,
and the substrate gating effects arc
removed. Complex logic involving
large series gating functions as well as
higher mos circuit performance can be
achieved with sos.

For example, the reduction in the
source/drain capacitance of Mos
transistors by a factor of 10-to-20 with
sos corresponds to a speed increase of
4-t0-10 depending upon the circuit
fanout (loading). Circuit speeds in
ring counter configurations havc been
observed in the [-picojoule, 2-ns stage
delay range’.

In illustrating the cost/performance
enhancements to be achieved with sos
technology, a T°L-compatible 256-bit
complementary MoS/sos memory ar-
ray, RCA Dev. No. TA6142, is being
developed in cooperation with RCA
Laboratories. Functionally equivalent
to the 256-bit cos/mos array (TA-

6042), this cos/Mos array has a factor
of four increase in speed with a typical
access time of less than 50 nanosec-
onds. Another cMos/sos array in
development is the RCA Dev. No.
TA6140, a seven-stage counter.

With low parasitic and device ca-
pacitances, sos technology offers
interesting potentials for exploring
implementation of very high speed,
very high-density, low-power memory
and logic arrays not otherwise obtain-
able with bulk mos technology.

Bipolar technology

Motivated by the need to increase
packaging density, the bipolar technol-
ogy is being directed towards higher
performance, lower power Ccircuits.
For example, nearly 70% of the stage
delay of a typical EcL logic gate within
the computer environment is associ-
ated with wiring (capacitive loading,
transmission line reflections, etc.).
First efforts directed towards estab-
lishing circuit concepts and technol-
ogies required to overcome computer
environmental delays and achieve 100-
gate ECL logic arrays were worked on
jointly by RCA and the Air Force in
1966; accomplishments werc demon-
strated with 144-gate arrays in the
LIMAC computer in 1970."*

Table ITI summarizes the basic charac-
teristics of the bipolar technology. The
ratc of improvement in the speed-
power capabilities has been directly
related to advances in photoengineer-
ing (diminished device geometries)
and in a manufacturing capability to
achieve increasingly stringent require-
ments on quality and control of the
epitaxial layer. Major emphasis is
being directed towards these improved
materials and process techniques.

Circuit speeds are directly related to
the various RC time constants present
in basic device structures. For ex-
ample, the base-emitter capacitance
depends upon the emitter area and the
width of the emitter-to-base junction
depletion region. Smaller emitter areas
and a decreased impurity concentra-
tion in the base region under the emit-
ter are methods of decreasing this
emitter capacitance.

Even though these process advances
have been made, calculations indicate



Table lll—Epitaxial bipolar technology characteristics
Year Technology Characteristics Speed-Power
Products
(picojoules)
1966 LIMAC 0.3 ohm-cm 40-45
7-8 um thick
Reoxidized
emitters
1970 Thin-epi 0.3 ohm-cm 25-30
3-4 um thick
Both reoxidized
and non-reoxidized
emitters
1971-72 Optimized thin-epi 1.0 Q-cm 10-20
2-3 um thick
Non-reoxidized emitters
1973-74 Advanced thin-epi 1.0-2.0 Q-cm 5-10
1-2 ym thick

Non-reoxidized emitters

that the RC time constant associated
with the epitaxial collector still domi-
nates circuit transient time response
and contributes nearly 70% to the
delay and speed-power product. Fur-
ther improvements will require a de-
creased thickness of the epitaxial layer
and possible development of device
isolation techniques other than a dif-
fused p-n junction. The result is more
stringent requirements on quality con-
trol of the epitaxial material and
pocket diffusions.

Schottky bipolar transistors

The Solid State Technology Center
has been engaged in the development
of Schottky diode technology and de-
vice applications since its inception in
1970. This development program was
coordinated with the RCA Laborato-
ries, Princeton.*” The bipolar sense
amplifier (RCA Dev. No. TA6148)
and the T°L/mos level shifter (RCA
Dev. No. TA6147) being built for dy-
namic Mos memories are first applica-
tions of this Schottky technology.”

A “saturating” circuit from such as
T°L or T'L implemented with Schott-
ky transistors offers significant im-
provement over a compatable circuit
using the more familiar gold-doped
technology. Gold doping has been
used to control device saturation de-
lays by forming recombination centers
in the silicon, but at the cost of dimin-
ished B and increased leakage cur-
rents. In addition, the storage time of
gold-doped transistors typically in-
creases with temperature, whereas
with Schottky transistors storage time
remains essentially constant.

A convenient technique in construct-
ing a Schottky transistor is to build the
Schottky barrier diode across the base-
collector junction as an integral part of
the transistor structure. The diode
clamps the base-collector junction so
that the transistor cannot become for-
ward biased sufficiently to inject mi-
nority carriers into the base and cause
storage saturation. However, the in-
creased base-collector capacitance re-
sulting from the Schottky structure
does increase somewhat the rise and
fall times. But, when compared with
the decreased storage time, Schottky
T°L or T°L circuits exhibit an appre-
ciably better ratio of delay time (o rise
time, leading to a more favorable sys-
tem noise condition with Schottky
than with gold-doped circuits at com-
parable system speeds.

The Schottky technology is a simple
extension of conventional bipolar
technologies; the base-collector clamp
is formed as a rectifying metal-semi-
conductor contact by extending the
base metallization over the high-resis-
tivity (N,<10" atoms/cm) collector
region. Aluminum metallization has a
low metal-semiconductor work func-

tion (0.68 eV) and is ideal for Schott-
ky transistors. Beam-lead metals, plat-
inum and palladium, also can be used;
the work functions are 0.85 eV (plati-
num silicide) and 0.75 eV (palladium
silicide) . Palladium silicide permits a
wider range of clamping of the bipolar
transistor at elevated temperatures
than does platinum silicide. The TA-
6147 and TA 6148 Schottky memory
interface circuits are designed for fab-
rication with aluminum or beam-lead
metallization.

Schottky barrier diodes are relatively
insensitive to normal process param-
eter variations and impose no major
deviations from the existing standard
bipolar digital and linear processing.

Linear MOS technology

The Mos transistor is being used in-
creasingly in conventional linear sys-
tems to perform the functions of RF
amplification, mixing, demodulation,
and oscillator signal sources. The mos
transistor exhibits better ‘‘linearity”
than other solid-state transistors for
processing signals in the presence of
large interference basically because of
improved square-law characteristics.

For example, the Mos dual-gate trans-
istor exhibits a 10- to 20-dB greater tol-
erance to interfering signals in Tv and
FM broadcast receivers over a gain at-
tenuation range of 40 dB in compari-
son to the performance of small-signal
bipolar transistors under equivalent
minimum noise conditions. A second
example is the use of Mos transistors
for quadrature mixing in the 30 to 80-
MHz range, where extremely high dy-
namic range has been realized in pro-
totype ECOM military receivers.

Typical performance characteristics of
two VHF Mos dual-gate transistors are
compared in Table IV. The 3N200 is

Table IV—Comparison of typical characteristics for the 3N200 transistor and the improved

MOS dual-gate transistor RCA Dev. No. TA7801

Characteristic 3N200 TA7801
at 200 MHz
Power gain 18 dB 22 db
Input resistance 1,000 ohms 600 ohms
Input capacitance 6 pF 9.5 pF
Output resistance 2,700 ochms 6.000 ochms
Output capacitance 1.5 pF 3.0 pF
Transadmittance 13 /-30° mmhos 20 /—-33° mmhos
at 400 MHz
Power gain 12.5 dB 16.5 dB
Input resistance 250 ohms 125 ohms
Input capacitance 6 pF 9.5 pF
Output resistance 1,700 ochms 3,000 ohms
Output capacitance 1.5 pF 3.0 pF

Transadmittance

12 /=60° mmhos

19 /—=72° mmhos
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Fig 5—Byte column memory organization
concept using beam-lead ceramic storage
planes.

a commercial product and is used for
VHF TV and FM receivers as a re-
placement for high quality nuvistors.
The RCA Dev. No. TA7801 dual-gate
Mos transistor exhibits increased out-
put resistance, lower input resistance,
higher transconductance, and better
high-frequency gain. It also has a po-
tential for applications in the low UHF
band. Both the 3N200 and TA7801
transistors have integrated back-to-
back diodes for gate protection.

Recent RCA developments in the range
of frequencies from 1 to 2 GHz with
1- to 2.5-micron channel length mos
devices indicate useful performance
through the full range of microwave
frequencies up to 10 GHz.

Characteristics of the RCA 2.5-micron
channel length UHF Mos dual-gate
transistors are shown in Table V.
These structures are being developed
in beam-lead form.

In addition to these discrete device
applications, mos linear IC’s are being
developed for use in the RF receiver

Fig. 6—Memory system modularity using
beam-lead byte columns.

4 BYTE BANK

8192-BYTES
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BYTE 18US

BYTE 2 BUS

BYTE 3 BUS

BYTE 4 BUS

CONTROL Bus

PARITY FLAG BUS

36 MEMDRY
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9 INTERF ACE
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BATA WIRING

-
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CONTROL WIRING 2
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NOTE 1. ALL PELLETS ARE 140 X 140 MILS IN SIZE
AND MOUNTED ON 170 MIL CENTERS

POVER AND
GROUND MIRING

Fig 7—A ceramic memory plane being developed under joint sponsorship with the

U.S. Air Force

field as well as to perform more com-
plex functions in linear systems.”

Beam-Lead Subassemblies

Beam-lead technology forms the literal
bridge in combining the various IC
technologies to achieve an optimum in
cost-performance effective systems.
For example, Fig. 5 schematically il-
lustrates an organization for semi-
conductor memories wherein Mos
storage arrays and Schottky bipolar
sense amplifiers have been combined
on beam-lead ceramic substrates to
produce a 8192-word by 9-bit module.
In Fig. 5, each 1.5-in° ceramic storage
substrate contains eight 1024-bit ar-
rays and one bipolar sense amplifier.
A configuration of nine such storage
substrate planes together with control
electronics (address register, fan-out
amplifiers, parity logic, etc.) com-
prises a logically self-contained mem-
ory module nine bits (one byte) in
width; i.e., a byte column. For the
byte column illustrated in Fig. 5, the
storage density is 12,000 bits per in®
and an entire column occupies 8 in.’
Fig. 6 illustrates how larger systems
can be constructed by taking advan-
tage of the modularity of the byte
column.

Higher storage densities can be
achieved. Fig. 7 illustrates a comple-
mentary Mos memory storage plane
being developed under joint sponsor-
ship with the Air Force.” Each RCA
Dev. No. TA6234 storage plane con-
sists of thirty-six 256-bit arrays plus
Mos interface circuits, mounted on a
170 x 170 mil grid. The storage plane
is organized as 1024 words by 9 bits,

and a byte-column packaging density
in excess of 20,000 bits per in’ is
achieved. With 1024-bits per array, the
packing density conceivably can ap-
proach 100,000 bits per in’. Thus,
beam-lead subassemblies will permit
semiconductor logic arrays and mem-
ories to achieve the maximum in
storage densities with subsequent per-
formance and cost benefits.

Table V—Typical characteristics of UHF
MOS dual-gate transistors

Characteristics Conventional Beam-lead
at 1 GHz bonded bonded

Power Gain 18to 20 dB 14 dB
Bandwidth 3 dB 30 MHz 80 MHz
Noise figure 3.5 dB —
Input resistance 800 ohms 800 ohms
Output resistance 5000 ohms 5000 ohms
Input capacitance 1.5 pF 1.5 pF
Output capacitance 1.5 pF 1 pF
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MOS devices
for linear
systems

R. H. Dawson | L. A. Jacobus
R. H. Brader

This paper discusses applications and
the design theory of high-frequency MOS
transistors and certain aspects of the
design of linear MOS integrated circuits.
In most of the applications discussed,
the development of discrete MOS de-
vices and IC’s has taken place in an en-
vironment of interchange among circuit
designers and designers at the Solid
State Division. Over a period of approxi-
mately six years, these engineers have
built a fundamental background and
have become thoroughly familiar with the
capabilities and limitations of MOS tech-
nology.

HE MOS TRANSISTOR, the solid-
T state analog to the vacuum tube,
is being used increasingly in conven-
tional linear systems for RF amplifiers,
mixers, demodulators, and oscillator
signal sources. The MOS transistor is
attractive in these applications be-
cause it exhibits better “linearity”
than other solid-state transistors for
processing small signals in the pres-
ence of large interference. For ex-
ample, the MOS dual-gate transistor
exhibits a 10-dB to 20-dB greater tol-
erance to interfering signals in Tv
and FM broadcast receivers over a
gain attenuation range of 40 dB in
comparison to the performance of
small-signal bipolar transistors under
equivalent circuit conditions.” A sec-
ond example is the use of MOS tran-
sistors for double-balanced mixing in
the 30-MHz to 80-MHz range, where
an extremely wide dynamic range has
been realized in prototype broadband
military receivers.?

Although current applications are in
the vHF and low UHF range, recent
RCA developments in the range of
frequencies from 1 GHz to 2 GHz
with 2.5-um-channel-length beam-lead
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Fig. 1—Offset-gate MOS transistor.

Mos devices,” together with reported
performance for 1-um-channel-length
devices with f...>>10 GHz,' indicate a
remarkable potential through the full
range of microwave frequencies. A
combination of excellent high-fre-
quency performance and linear
transfer characteristics of these nar-
row-channel saturated-velocity de-
vices should result in dynamic-range
performance advantages for broad-
band systems, an area of application
not heretofore addressed by mos
FET’s. The use of beam leads for UHF
Mos transistors results in effective and
direct interface between strip lines and
UHF circuit components such that
parasitic elements are minimized,
mounting and bonding are simplified,
and maximum flexibility in use of
substrate area can be obtained. These
factors combine to provide an eco-
nomically effective approach for ob-
taining high performance UHF inte-
grated-circuit amplifiers.

In addition to discrete Mos devices,
Mos integrated circuits are being de-
veloped for use in receivers as well as
to perform complex functions in other
linear systems. Many of these functions
interface between digital and analog
sub-systems. Two such examples are an
MOS TV sync separator’ and an Mos
monolithic phase comparator® for fre-
quency synthesizers. These examples
demonstrate that a wide range of
linear functions can be performed by
MOS IC’s acting as amplifiers, resistors,
diodes, voltage dividers, threshold
bias networks, pc-level controls, signal
clamps, and current regulators. The
ability of mos transistors to perform
so many complex functions stimulates
demand for use of Mos 1cC’s, particu-
larly in applications where the unique
properties of Mos transistors are ad-
vantageous; for example, to perform
the sample-and-hold functions in the
phase comparator circuit.

Discrete transistors

Historically, RCA has been a leader in
mos technology and mos discrete de-

vices. Starting with the work at RCA
Laboratories where the first MOS
transistors with passivated silicon
surfaces were fabricated in 1963, RCA
Somerville quickly developed a line of
Mos triodes for linear-signal process-
ing. The first of these discrete metal-
oxide-semiconductor (MoS) transis-
tors for high-frequency applications,
the 3N98, was introduced by RCA in
1964. The early devices were useful
up to 60 MHz and were fabricated
using the offset-gate technique shown
in Fig. 1. This type of structure sub-
stantially reduces the drain-to-gate
capacitance below that obtained with
a conventional, full gate structure.
The 3N98 led to the development of
the original 3N128 vHF amplifier
device which was used at frequencies
up to 200 MHz.

In spite of the attractively low feed-
back capacitance of the 3N98, difficul-
ties with regard to surface-charge mi-
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Fig. 2—Fabrication of doped-oxide MOS
triode.

gration and power dissipation under
Aacc were experienced with the off-
set-gate approach. These early difficul-
ties led to the implementation of a new
technology (doped oxide)™ and a new
device (the dual-gate mMos transistor)’,
both of which were RCA contribu-
tions. The doped-oxide technology can
be most clearly illustrated by its appli-
cation to fabricate a full-gate triode
with reduced feedback capacitance.

The fabrication steps for a doped-
oxide mos triode are outlined in Fig.
2. The essential feature of this process
is that the channel pattern is defined
(i.e., cut out from the doped-oxide, as
shown in step b of Fig. 2) such that
thick oxide steps align automatically
to the channel edges. A shallow, con-
trolled drive-in diffusion then is ac-
complished by using as a doping
source the doped-oxides that abut the
geometric channels. This diffusion
from the doped oxide connects the
edge of the channel to the heavily
diffused contact regions, as shown in
step E. The oxide step at the drain
edge of the channel reduces feedback
capacitance in accordance with the
thickness of the oxide step relative to
the channel-oxide thickness. Feedback
capacitance typically is reduced by an
order of magnitude. Implementation
of this technology has led to develop-
ment of full-gate Mos transistors with
electrical characteristics equivalent to
those with an offset gate. In fact, the
3N128 was redesigned to take advan-
tage of the new technology and is still
manufactured using this basic process.

The most significant development to
date in the MOS linear field has been
the Mos dual-gate transistor. This
device (3N140), first introduced to the
market by RCA in 1965, exhibits char-
acteristics analogous to those of the
vacuum-tube pentode. It has conse-
quently been developed to replace
high-performance nuvistors for Tv
and FM receivers. The dual-gate tran-
sistor is essentially composed of two
Mos triodes integrated in tandem as
shown by Fig. 3a. It is fabricated by
the doped-oxide process, for which
this process was first introduced to
minimize parasitic gate capacitance as
well as to minimize the junction area
required to join the two Mos triodes.
By using a narrow diffusion stripe and
stepped oxides, the center-point capac-
itance of the structure is kept to a
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Fig. 3—Dual-gate MOS transistor.

minimum. In cascode circuits con-
structed of discrete devices, this capac-
itance, which becomes very large due
to stray package capacitance, must be
neutralized by tuning; however, in the
integrated structure, its value is kept
small enough so that an extra tuning
element is not necessary.

When operated in the cascode mode
as shown in Fig. 3b, the dual-gate
transistor exhibits exceptionally low
feedback capacitance, eliminating the
need for neutralization. It also pro-
vides improved cross-modulation per-
formance under gain control because
the gain can be attenuated by reverse
bias applied to the second gate. The
input swing can be large without
excursion into the cutoff region where
severe nonlinearities occur. Due to its
multi-gate control feature, the Mos
dual-gate device can also be used for
mixer and demodulator applications,
where advantages are realized due to
isolation between injection terminals.’

The extremely high input impedance
of Mos transistors makes them sus-
ceptible to damage from static dis-
charges which rupture the dielectric
material insulating the gate from the
channel. In most applications, the
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Fig. 4—MOS transistor-chip structure with
protective diodes.

comes clearly necessary for market
acceptance. Protection from static dis-
charges is accomplished by connecting
a protective diode structure from the
gate to ground to limit voltage tran-
sients to a value below the dielectric
breakdown voltage of the channel
oxide." The basic requirement for the
protective diode is that it should pro-
vide adequate protection from tran-
sient over-voltages while not signifi-
cantly degrading the high-frequency
performance of the mos device.

One approach to integrating protective
diodes into an Mos structure is shown
in Fig. 4, In this approach, the p-type
silicon substrate required for an n-
channel mos device is the starting ma-
terial. The n-type wells are diffused
into the silicon to provide pockets for
the protective devices. The surface
concentration and depth of these wells
are carefully controlled because both
of these factors are important in de-
termining the diode characteristics.

The p* regions are diffused into the
n-type wells to form the diodes and
around the periphery to isolate the
diode structure from the rest of the
device. The size of the diodes is de-
termined by the desired current-han-
dling ability and the amount of capaci-
tance that can be tolerated across the
gate of the mos transistor. After the
diode structures are formed, they are
covered by a protective oxide. The rest
of the Mos device is then fabricated
by conventional means.

Fig. 5 shows a photograph of a com-
pleted monolithic diode-protected dual
gate mos transistor (3N200). The
back-to-back diode structure allows
operation of the device in either the
depletion or enhancement mode,
which gives the circuit designer an
added degree of flexibility. It also pro-
vides minimum nonlinear influence
due to nonlinear-capacitance-cancella-
tion effects of the back-to-back diodes.

Device design

In the design of both Mos discrete de-
vices and integrated circuits for linear
application, equivalent-circuit model-

Fig. 5—Monolithic-diode-orotected dual-gate
MOS transistor as completed.

ing plays a very important role. The
conventional representation of the
Mos triode is by an RC input network,
an output current-generator controlled
by the gate-to-channel voltage, an out-
put resistor, and, finally, feedback and
other parasitic capacitances. This
model is shown in Fig. 6a, where cer-
tain parasitic elements have been
omitted for simplicity. The model de-
scribes quite well many of the high-
frequency properties of mos triodes,
particularly with regard to the input
parameters. Very good correspondence
has been obtained when values evalu-
ated by transmission-line analysis are
utilized for these input elements.”

This simple model has been used to
gain a great deal of insight to the
properties of the mos dual-gate tran-
sistor. To develop the dual-gate model,
the common-source equivalent circuit
of Fig. 6a is rearranged to represent
the common-gate mode as shown in
Fig. 6b. It can then be placed in
tandem with the original common

Cr
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v
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a) Common source

b) Common gate

Fig. 6—MOS triode, equivalent-circuit
models.

23



24

2
qlla(ucq)

source model. One parasitic element,
C., has been explicitly added to the
common-gate model. This parasitic
capacitance corresponds to the central-
island diffusion capacitance of the
Mos dual-gate transistor. Admittance
parameters formulated give the es-
sential properties of the cascode mos
dual-gate transistor. Even when these
relations are determined in terms of
the idealized equivalent circuit ele-
ments, they are generally unwieldy.
A simplifying approximation that
(oC,r.) €1 limits the range of appli-
cability to well below the cutoff fre-
quency of the transistor; ho.ever, the
VHF range is within the range of valid-
ity. It was further assumed that the
triode distributed-channe! resistance,
r., is related to the transconductance
by r.=1/ag. where « is typically
equal to 4 (ref. 10). Only the input
and output conductances, g;; and g,,,
the forward transadmittance y,,, and
the feedback susceptance b,, are given
here, because these parameters are
most commonly used for tuned ampli-
fier design. These parameters are sum-
marized in Table 1. The separate
identities of common-source and com-
mon-gate elements are retained by
using primed parameters for the com-
mon-gate elements.

The capacitance, Cy, contained in the
expressions of Table I, is that capaci-
tance to ground from the joining point

[
2 9
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of the common-source and common-
gate components with the input short-
circuited. Cr can be called a center-
point capacitance, and it is composed
of central-island capacitance, gate-
overlap capacitance, and distributed
second-gate active capacitance.

The low-frequency behavior, as well
as some important high-frequency
characteristics, can be determined
from these expressions. The low-fre-
quency input conductance, g;;, and
the magnitude of the forward trans-
conductance, y,,, are principally de-
termined by the common-source unit;
while the feedback susceptance, b;,,
and the output conductance, g,,, are
reduced from those of the common-
source stage by the voltage amplifica-
tion factor g'.r's of the common-gate
stage. These characteristics lead to
much greater low-frequency voltage
gain than that obtainable with a single
device. At high frequencies, the ad-
mittance parameters are influenced by
center-point susceptive loading. The
effect is first seen in the output con-
ductance which increases in propor-
tion to o® at the corner frequency f,
given by:

f1=g’m/2’ﬂ'Cr(g’mr,:) e (1)

The high frequency terms illustrate the
effect of center-point capacitance.
Minimization of this capacitance is a
crucial design goal for optimum per-
formance at high frequencies. A
graphic representation of this loading
effect is shown in Fig. 7 for the nor-
malized output resistance of a Mos
dual-gate transistor similar to the
3N200.

In addition to the inherent rolloff in
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output impedance and gain due to the
effect of C., other parasitic elements
play a crucial role in degrading the
performance of high-frequency Mos
devices. The major parasitic element
is the drain-diode capacitance which
must be charged through a substrate-
spreading resistor” as indicated in Fig.
8. If the output charging is a simple
time-constant system, then the device
output conductance is given by:

Go=gu+W'Cdru/1+°Cir.d 2)

where g is the ideal term of Table I,
C, is the drain diode-depletion capaci-
tance, and r,. is the substrate-spread-
ing resistance. The effect of diode
loading is represented in Fig. 7 by the
dashed curves. There, diode loading
dominates output resistance at high
frequencies. With reference to Eq. 2,
the output parasitic loading is, first of
all, proportional to the square of
diode capacitance; hence, reduction in
diode area is highly desirable. The
output parasitic load is, secondly, in-
dependent of homogeneous substrate
acceptor concentration as detailed
analysis indicates. Thirdly, it is a
double-valued function of substrate
spreading resistance, r,,. The effect of
r.. can be reduced by using either an
insulating substrate or a heavily-doped
base, both having a thin, lightly-doped
layer. With an insulating substrate,
which can be obtained with silicon on
sapphire, the diode capacitance can be
reduced orders in magnitude while r,4
ideally approaches infinity. In practice,
however, a layer of semiconducting
material under the channel introduces
a resistive element which prohibits
realization of the full potential of this
technique. In bulk silicon, a heavily
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doped substrate base reduces r.a
orders in magnitude, while C, is held
constant with proper choice of thick-
ness and doping of an epitaxial layer.
This latter technique has been used to
make diode loading a negligible factor.

UHF dual-gate transistor

In accord with the discussion above, a
UHF Mos dual-gate transistor was de-
signed and fabricated. The basic
structure is shown in Fig. 9. The fea-
tures of this design are:

Small drain area,

Epitaxial substrate,

Reduced gate overlap capacitance,
Reduced central island capacitance,
Charge plane under electrode leads.

In addition to the design factors pre-
viously discussed, it has been found
that a highly conductive region under
the gate and drain electrode leads to
substantially reduced input and out-
put loss; this feature was incorporated.
These design changes resulted in I-
GHz performance figures of 18 to
20-dB power gain with 3-dB band-
width at 30 MHz with 30-dB reverse
attenuation. Noise figures are 3.1 to
45 dB. These performance figures
compare quite favorably to those of
conventional structures which exhib-
ited a power gain of 8 dB and a noise
figure of 6 dB at 1 GHz. Measured
performance is shown in greater detail
by Fig. 10. These devices are packaged
in TO-18 headers.

Relatively-high stray capacitance and
very-high output resistance of 5000 Q
contribute to narrow bandwidth. Sub-
sequent work has been directed to-
ward utilizing beam leads on the UHF
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MoOs structure to reduce parasitic ca-
pacitance by effecting direct interface
between the device and the ceramic
stripline UHF circuits. A microwave in-
tegrated-circuit amplifier which incor-
porates a beam-lead UHF mos dual-gate
transistor is shown in Fig. 11. This am-
plifier gives a 14-dB power gain with a
3-dB bandwidth of 85 MHz at a center
frequency of 1.03 GHz. Although
bandwidth is still relatively narrow,
designs are being considered to in-
crease the size of the structure, to
lower the impedance values, and to
increase device capacitance relative
to parasitic capacitance.

MOS linear IC’s
RF amplifier-mixer

The integrated RrF amplifier-mixer
shown in Fig. 12 serves to bridge the
gap between Mos discrete devices and
monolithic 1¢c’s. This 1¢ was designed
as an experimental circuit for the U.S.
Army Electronics Command (ECOM)
for 30-MHz to 76-MHz high-dynamic-
range FM receivers.” The frequency
band is divided into three channels
(an 1c for each), while each front-end
circuit is narrowband tunable with ex-
ternal high-Q varactors and coils. The
circuit, which consists of seven mMos
devices, uses Mos dual-gate structures
for both rF amplification and mixing.
The necessary gate biases are obtained
through two mos bias networks. This
circuit illustrates use of a number of
attractive Mos features:

The dual-gate devices can be used for
multiple functions (i.e., amplifier and
mixer),

Excellent rRF performance: high gain,
low noise, excellent RF stability without

REVERST ATTINUAFION (4B

Fig. 11—Demonstration amplifier.

Fig. 12—Integrated MOS RF amplifier-mixer circuit.
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neutralization or degenerative feedback,
Relatively simple fabrication,

Ease of nc coupling and biasing,

High packing density.

The first type of bias configuration
used is a simple Mos voltage divider
shown in Fig. 13a. It is composed of
two equal-sized Mos devices in series
with the gate of each tied to its drain;
it simply divides the supply voltage in
half. This network is used to bias the
first gate of the mos dual-gate mixer
where the oscillator signal is injected.
This type of mixer can tolerate a wide
bias range for nearly constant con-
version gain; therefore, variation in
supply voltage does not strongly in-
fluence conversion gain. Furthermore,
injection of the local oscillator signal
through the midpoint of the bias net-
work does not lead to distortion be-
cause the nonlinearities of these two
high-impedance bias devices cancel.

The second type of bias configuration
is the threshold bias circuit of Fig.
13b, which biases the first gate (signal
input) of the dual-gate RF amplifier.
This network supplies a bias voltage
of two threshold-voltage increments
(independent of supply voltage vari-
ations), and it ensures relatively con-
stant current and gain for moderate
variation in threshold voltage due to
oxide thickness variations. Signifi-
cantly, the RF amplifier and mixer are
directly coupled, with identical drain
and second-gate voltages, resulting in
circuit simplicity. This direct coupling
is possible as a consequence of the
use of enhancement-MoS transistors.

The experimental RF amplifier-mixer
integrated circuit has been evaluated
in a typical military FM receiver be-
tween 30 MHz and 76 MHz. The cir-
cuit exhibits a sensitivity of 0.35 pV
at both 30 MHz and 76MHz for a 10-
dB signal-plus-noise/noise ratio at the
audio output. The power gain and dis-
sipation are 34 dB and 100 mW re-
spectively for a 9-V supply at both 30
MHz and 76 MHz; power gain and
dissipation are 31 dB and 35 mW with
a 6-V supply. Interfering signals, re-
moved by 10% from the desired chan-
nel frequency, of at least 122 dB above
the reference level are required to de-
grade the 10-dB signal-plus-noise/noise
ratio to a 6-dB value. Although this
simple circuit provides relatively good
performance, greater dynamic range is
desirable for military receivers.

100 K
SUBSTRATE T

= o

Fig. 14—Double-balanced mixer circuit.

Double-balanced mixer

A significant improvement in the dy-
namic range of mixer circuits has been
achieved using Mos field-effect transis-
tors in the double-balanced switching
mixer circuit” shown in Fig. 14. The
local oscillator signal alternately turns
the opposite pairs of transistors on
and off. This circuit is a double-pole
double-throw reversing switch that
changes the direction of flow of the rRF
signal through the load at the local-
oscillator rate, causing the formation
of the sum (RF+L0) and difference
(RF—1L0) frequencies. One of these
signals is the 1F frequency.

The advantages of the MOS/FET in
this circuit stem from its being a three-
terminal bilateral device. The symme-
try requirement of the switching de-
vice is apparent because the source
and drain terminals effectively ex-
change positions in the reversing
switch process. The three-terminal
nature of the device allows separate
handling of the rF, Lo, and IF signals,
which is convenient for adapting the
design to various applications.

Operation of the mixer for low con-
version loss and high dynamic range
requires a large local-oscillator signal
on the gates of the mMos devices. Low
conversion loss is essential to obtain
adequate sensitivity for use as a front
end without a preceding amplifier
stage. Square-wave switching is de-
sired so that the switches spend a
very short period of time in the trans-
ition region between on and off. A
sinusoidal drive is most easily ob-
tained and will approximate square-
wave switching if the signal has an
amplitude of 10 volts or greater. This
large local-oscillator drive is essential
to realize the dynamic-range advan-
tages of this circuit. The Lo signal must
be larger than the largest RF signal

which must be handled linearly, be-
cause extremely large RF signals will
tend to interrupt the local oscillator
switching rate and degrade perfor-
mance. The mixer also displays excel-
len intermodulation, cross-modulation,
and sputious-response performance;
this excellent performance is attribut-
able to the constant off-state capaci-
tance (i.e. no voltage dependence) that
is brought about by the back-to-back
diodes appearing across the signal
paths.

This mixer has largely been limited
to low-frequency applications because
high-switching-rate Mos devices have
not been available. In attempting to
extend the operable frequency range
of this circuit to 100 MHz and possi-
bly above for the 30 MHz-t0-80 MHz
ECOM application,® certain factors
about improved Mos device perfor-
mance were intuitively obvious:

1) The device should be symmetrical so
that the source and drain can be inter-
changed.

2) Input and output capacitances, as
well as other parasitic capacitances,
should be minimized to give optimum
switching speeds.

3) The substrate terminal should be
accessible for reverse biasing to prevent
forward-bias of the mos source and
drain diodes under negative voltage.
4) The transistors should be closely
matched in device characteristics to
maximize circuit balance.

Additional requirements on the de-
vices have been established in the
course of developing a suitable transis-
tor and include:

1) Channel-on resistance should be
much less than the load impedance of
the circuits to minimize conversion
loss.

2) The drain-source breakdown voltage
should be high to minimize degradation
of dynamic range due to device break-
down.

3) The gate-input impedance should be
high to minimize local-oscillator power
drain for applications where power is
a restriction. The gate circuit can be LC
tuned to give maximum voltage for a
small Lo power.

Table |l—Measured performance of MOS

FET front end.

Frequency range 30 to 80 MHz

Noise figure 7.0 to 9.6 dB

Third order 1M 94,5 to 108 dB referenced
distortion to —112 dBV

2-db compression 25 to 34.5 dBm
level

Pump power 4 to 6bmw

DC power 192 to 285 mW, includes:

44 mW for IF

35 to 45 mW for vco
112 to 200 mW for
tuned pump amplifier
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Fig. 15—COS/MOS phase-comparator cir-
cuit.

4) The gate capacitance should be mini-

mized to maximize the LC tuning ranges

of the gate circuits.
An Mos transistor was developed that
exhibited a very good combination of
the characteristics identified. A com-
plete VHF electronically tuned FM
front end was developed using this
device in the double-balanced mixer
circuit. The model included the mixer,
preselector filtering, low-noise IF amp-
lifier and voltage-controlled oscillator.
The performance of this tuner is given
in Table II. This performance repre-
sents at least a 20-dB increase in dy-
namic range over previous receiver
front ends. Subsequent work has been
directed toward development of an 1c
approach to enhance device balance
and to simplify assembly.

Monolithic phase comparator and
TV sync separator

Many of the conventional analog func-
tions of linear systems are increasingly
being digitized, such as control circuits
and in-line signal processing, through
use of sampling and statistical recon-
struction. There is, therefore, an in-
creasing need for circuit functions to
interface between analog and digital
subsystems. The mos 1¢’s will play a
formidable role in this area as well as
in the purely digital functions.
An example of this type of interface is
the Mos phase comparator designed
for use in a phase-locked loop in UHF
digital frequency synthesizers devel-
oped for the U.S. Air Force.! The cir-
cuit of a monolithic mos phase com-
parator is shown in Fig. 15. This
circuit is used to control precisely the
local oscillator frequency to desired
channels in a transmitter/receiver. The
design of the phase comparator circuit
makes use of the following principles:
COS/MOS transmission sampling gates

for low feedthrough sampling pulses
and zero offset.

Capacitor storage for sample-and-hold
functions,

MOS constant-current source for ramp
generation,

MOS bias networks (threshold, level
shifting, voltage dividers),

MOS bc voltage level networks,

MOS unity-gain amplifiers,

MOS amplifier with gain functions de-
termined by computer aided design.
The phase comparator circuit, which
is in the design stage, is an excellent
vehicle for illustrating the complexity
of functions that can be performed

using linear Mos design principles.

The scope of linear functions that can
be performed by mos 1C’s is illustrated
by a prototype TV sync separator
shown in Fig. 16. In addition to func-
tions previously described, this circuit
uses MoOS transitors to act as resistors,
diodes, and signal clamps. One par-
ticular bias network used is illustrated
in Fig. 13c. This network provides a
technique for establishing non-integral
multiples of threshold voltage. Imple-
mentation of Mos transitors whose
threshold voltages vary with process-
ing and temperature requires design of
networks that track with threshold.

Conclusions

The Mos transistor has been used to
advantage for linear signal processing
in relatively narrowband systems. Ex-
ploratory work to eéxtend bandwidth
and field of application is being con-
tinued. The Mos ic’s have shown a
potential to perform complex func-
tions similar to their bipolar-ic coun-
terparts. Consequently, where the
unique properties of MoS transistors
can be used to advantage, the linear
1c designer will find the mos transistor
a useful tool.
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access memories. Solid state memory systems can be built from 1024-bit RAM chips
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ECENT ADVANCES in solid state
R technology have made possible
semiconductor memory devices which,
for large memories, are competitive at
the systems level with ferrite-core
memories on the basis of price, per-
formance, and freedom of organi-
zation.

Mos memories use either static or dy-
namic storage cells. Static cells gen-
erally utilize feedback-type latching
circuitry for storage, whereas dynamic
cells use charges stored on low-leakage
parasitic capacitances within the cell.
Because some capacitor leakage is in-
evitable, it is necessary periodically to
restore, or “refresh”, the logic state of
a dynamic mos storage cell.

Dynamic Mos memory devices usually
are faster and dissipate less power
than do static devices. In addition, the
number of cells in a given area of sili-
con is significantly greater for dynamic
storage devices, thus providing an in-
herently lower cost per bit at the
component level. Although dynamic
memory devices do require refresh-
support circuitty and clocking for
proper operation, this disadvantage
becomes less important as the size of
the memory system increases.

Selection of a memory cell

The bistable flip-flop, made up of two
cross-coupled inverters, has been the
most widely used basic storage cell for
static Mos and bipolar circuits. The
circuit of a static p-Mos storage cell is
shown in Fig. 1. This cell works as
follows. Transistors Q,, Q., Q,, and Q,
form the flip-flop. Storage cells are
accessed through transmission gates
Q; and Q, which are controlled by the
row-select line. When the cell is to be
read, the row-select line turns on Q,
and Q., transferring the stored bit from
the flip-flop to the data lines. To write,
Q; and Q; are turned on and the data
lines are forced to the logical value de-
sired, thereby overriding the contents
of the cell. For p-mMos transistors, sup-
ply voltages to V,, and Ve are nega-
tive with respect to V.. These first
two voltages can be identical or differ-
ent, depending on the particular de-
sign. but V. is always equal to or

Reprint RE 17-3-22
Final manuscript received Sept. 16, 1971.

greater than V.. The use of a common
Ve supply results in smaller cells but
necessitates greater standby power in
the period when the cell is not being
accessed. The major disadvantages of
a static bistable flip-flop are high
power dissipation and the relatively
large silicon area required per cell.
The latter disadvantage limits the
number of chips that can be econom-
ically produced on a single silicon
wafer.

Numerous new storage cells have been
developed to overcome the shortcom-
ings of the basic static-storage flip-
flop. The simplest way to reduce power
dissipation in a static cell is to replace
Ve with a clock. Thus, Q, and Q, of
Fig. 1 are on during the negative pe-
riod of the clock pulse. But when the
clock is positive the load clements Q,
and Q, turn off, thereby reducing
power dissipation. Junction and gate
capacitances of the cross-coupled flip-
flop act as a storage element. This
storage of a charge on a parasitic ca-
pacitance in dynamic memory cell op-
cration achieves low power dissipation
and high packing density. A parasitic
leakage path through the reverse-
biased p-n junction, however, will
eventually degrade the stored bit.
Hence, the charge stored in the cell
must be refreshed periodically.

Dynamic three-transistor cell

The use of a charge stored on parasitic
capacitance makes a flip-flop unneces-
sary in a memory cell. A single tran-
sistor, whose gate is used as a storage
node, can be used as a memory cell.
Two additional transistors are needed
to write information and read the
logic state as shown in Fig. 2a. Thus,
three transistors are sufficient for a
basic memory cell. In the figure, tran-
sistor Q, acts as a storage element, and
transistor Q,, whose gate is connected
to the read-select line, couples Q, to
the read-data bus. The READ-SELECT
signal then permits sensing of the log-
ical state of the cell. The inverted state
of the charge stored at the gate of Q,
appears on the read-data bus. Q, is a
transmission device which connects
the write-data line and the gate of Q,.
The gate of transistor Q, is connected
to the WRITE-SELECT signal, and a bit
is written into the cell by turning on
Q.. Transistor Q, also helps in refresh-
ing the memory bit periodically. Some
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Fig. 1—Six-transistor static memory-cell cir-
cuit.
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Fig. 2—Three-transistor dynamic memory-
cell circuits.
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Fig. 3—One-transistor dynamic memory cell.

of the major advantages of this threc-
device memory cell are:

—Small cells.

—Low power dissipation,
—High speed, and
—Fewer contacts per cell.

Some alternative three-device cell con-
figurations are shown in Figs. 2b and
2c.

Dynamic single-transistor cell

Fig. 3 represents a basic dynamic
charge-storage cell consisting of a sin-
gle p-channel Mos device and a single
small capacitor used to store a bit.
Parasitic capacitance of the read/
write/refresh-data line and the storage
capacitance are coupled by transistor
Q,, whose gate is connected to the
read /write/refresh-select line. Turning
on Q, permits reading, writing, and
refreshing the stored bit. The bit
stored is lost during read and refresh
operations by charge redistribution on
the data bus because, at the beginning
of each cycle, the read/write/refresh-
data line is discharged. The low-level
signal on the read/write/refresh-data
line is amplified and fed back to the
memory cell. Hence, a special non-in-
verting data amplifier is needed. More-
over, the value of C, is restricted by
the cell size and the need for high
packing density.

1024-bit RAM

The RCA Dev. No. TA6127 dynamic
RAM shown in Fig. 4 is organized in a
1024-word by one-bit configuration
and uses the three-device storage cell
shown in Fig. 2a. As shown in Fig. 5,
the storage elements are arranged in
a 32-row by 32-column matrix, and
cells are accessed by coincident selec-
tion of one of 32 rows and one of 32
columns. Each of the rows and col-
umns is driven by a dynamic decoder/
driver circuit utilizing the basic NAND/
NOR circuit shown in Fig. 6. The input
to the decoder portion of the circuit

of Fig. 5 is obtained directly from the
address input or from the address com-
plement derived from the output of
the address inverter. Address inputs
A, through A,, and their complements,
are dedicated to row selection, whereas
the remaining five most significant ad-
dresses control the column selection.
In addition to the ten address inputs,
the device requires three power-supply
connections and three control or clock
inputs which are designated CE (chip
enable), R/W (read/write), and P
(precharge) . Bits are entered to the
individual cells via the D, line and
output current sensing is performed at
the D, terminal.

P’ clocking is sufficient for dynamic op-
eration of the row-decoder/driver, but
both P’ and CFE clocks are necessary
to operate the column-decoder/driv-
ers. A P'clock signal is required for
each memory cycle in order to perform
read, write or refresh operations. CE
clocking and R/W clocking, in addi-
tion to P’, are required for the write
operation, whereas the read operation
requires only P’ and CE. The refresh
cycle is identical to the write operation
except that the CE line is inhibited
during refresh. Because the column-
decoder/driver requires CE for proper
operation, column decoding does not
occur during a refresh cycle. During
a write cycle, the cells in the selected
row and unselected columns are re-
freshed. During a single refresh pe-
riod, the 32 cells in the selected row
are refreshed simultaneously. In re-
freshing the entire chip, each of the
32 rows is accessed at 60-us intervals
by changing the logic state of the row-
address inputs A, through A..

The TA6127 is designed so that device
dissipation may be reduced to essen-
tially zero in an idling, or standby.
mode. In the standby mode, the P’ and
address inputs are held in an off state.
Troublesome bipolar injection in the
MoS circuits is controlled by substrate
biasing.

Single-cell size achieved by the silicon-
gate technology is 7.5 mil®. The chip
size is 141 mil x 145 mil. The chip can
be sealed in a standard 18-pin dual
in-line package.

Circuit operation

The RCA Dev. No. TA6127 utilizes
dynamic on-chip decoder/drivers for

row and column selection. The circuit
diagram of the row-decoder/drivers in
Fig. 7a shows that the five-input Nor
gate is driven by an address or address
complement. At the start of a cycle, the
P’ clock goes into the off, or most posi-
tive state, turning off Q,;. P is applied
to the gate of Q,, thus charging the
node at the source of Q, as well as
other circuitry controlled by P. In ad-
dition, the node at the drain of Q, will
also charge if the row-address is in the
off state. In practice, the address in-
puts must be valid before P’ goes to
the on state to ensure that the node at
the source of Q. has sufficient time to
charge to a full on-level. When P’ goes
negative, Q.;, Qu, and Q; turn on; Q.,
Q.., and Q, turn off; and drain voltage
is applied to Q... If one or more of the
decoder transistors, Q, through Q;, is
on because of an address or address
complement, the node at the drain of
Q. will discharge, preventing turn-off
of source-follower Q.. and thus inhib-
iting access to that particular row. If
decoder transistors Q, through Q; are
off, Q,, will turn on, and the read-ac-
cess voltage is applied to all the cells
in the row. Writing to a selected cell
is accomplished through source-fol-
lower Q,,.

The column-decoder/driver, shown in
Fig. 7b, operates in a similar fashion
except that CE acts on the drain vol-
tage for source-follower transistor Q.
Each of the three operating modes of
the memory—read, write and refresh
—is described below.

Read cycle

The TA6127 may be operated in a
continuous read cycle by inhibiting
the READ/WRITE pulse. The bit move-
ment from one memory cell to Data
Out is as follows in Fig. 8.

—'-. .'J' ' : .. "1 d
Fig. 4—Photomicrograph of 1024-bit RAM.



1) The charge stored on parasitic ca-
pacitance C determines the state of Q.
2) The PRECHARGE signal turns Q. and
Q. on at the beginning of the cycle,
Parasitic capacitances associated with
the read- and write-data lines arc
charged.

3) The PrRECHARGE signal turns off, al-
lowing the row-select line to turn on
transistor Q..

4) The logical state of the memory ca-
pacitance C determines the state of the
read-data line. (Only if C is charged
does the read-data line discharge).

5) The read-data line couples the in-
verted cell bit to the sense-amplifier
input through Qu.

6) Qu and Qi are turned on by the
column decoder and by CHIP ENABLE;
the logical state stored in the cell is
nondestructively transferred to Data
Out.

The READ timing diagram is shown in
Fig. 9a.

Refresh cycle

Dynamic Mos circuits take advantage
of the very low leakages of the gate
and junction capacitances. In the
three-transistor cell, a bit is stored on
the Q, gate parasitic capacitance,
which usually exhibits time constants
ranging from a few milliseconds to
seconds. Hence, a periodic refreshing
is needed to restore the bit stored in
a cell. Under worst-case voltage con-
ditions, and at an elevated ambient
temperature of 70°C, a bit will remain
stored for a minimum of 2 ms. Thus,
the refresh cycle must occur at least
every 2 ms.

A refresh cycle must be performed for
each of the 32 rows of cells; a total of
32 refresh cycles is needed, therefore.
to completely refresh the chip. cHip
ENABLE is inhibited during the refresh
cycle. The REFRESH timing diagram is
shown in Fig. 9b.

Bit flow from a memory cell (Fig. 8),
and back to the memory cell, is as
follows:

1) The stored bit is inverted and trans-
ferred to the read-data line, as in the
read cycle.

2) The READ/WRITE control pulse turns
Q: and Qs on. The write-data line dis-
charges if C is not charged; otherwise,
it will remain charged if C is charged.
Discharge of the write-data line occurs
through Q. and Q.

3) Because Qs is on, the bit stored in
the cell is refreshed.

4) cHIP ENABLE is inhibited during
the refresh operation; hence, a bit can
neither be written into nor read out of
the cell. In the wriTE cycle, only the
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cell in the seclected column is not re-
freshed; the other 31 cells in a particu-
lar sclected row are refreshed.

Write cycle

The WRITE cycle is basically the same
as the REFRESH cycle for non-ad-
dressed columns. Chip enable is per-
formed during the write operation.
Timing for the WRITE cycle is estab-
lished by the PRECHARGE, CHIP EN-
ABLE and READ/WRITE signals. The
WRITE cycle timing diagram is shown
in Fig. 9c. The input bit flows to the
selected cell (Fig. 8) as follows:

1) The PRECHARGE signal tuins on Q.
and Q.. Parasitic capacitances on the
read- and write-data lines charge.

2) pRECHARGE turns off Qs and Q: and
then activates the row-select line, turn-
ing on Q.. Conditional discharge of the
read-data line occurs. depending on the
statc of C.

3) The READ/WRITE pulsc turns on Qs
Qa, and QJ-

4) The chip-enable and column-sclect
lines are activated and turn on tran-
sistors Qu, Qu, Qi:, Qu, and Q.. Thus,
the read-data line is discharged through
Q. and Q.. keeping Q. and Qu off dur-
ing the write cycle.

5) The input bit overpowers the logi-
cal state of capacitor C in the selected
cell.

6) The READ/WRITE pulse is returned
to the logical-“0” state, the row or
the column address is changed, and the
scquence is repeated for the new ad-
dress.

System organization

A basic decision in the use of p-Mos
memory devices in a memory system is
the number of chips that should be
mounted on a printed-circuit storage
card. The list of factors influencing
this decision must include:

—The drive capability of the interfacc
circuit which will convert the signal
levels of the memory logic circuits to
the levels required for operation of
the chip.

—The input capacitance of thc memory
device and the distributed inductance
and capacitance of thc lines on the
storage card.

—The allowable storage card dissipa-
tion.

—Efficient subdivision of the main
memory,

—~Cost-factor trade-offs associated with
use of standard or custom hardware.
—Compatibility of circuits interfacing
with the storage-card organization.
(The aim is to maximize the number
of memory devices relative to the num-
ber of interface devices.)

These factors are not independent.
Characteristics of the interface level

MISALIGNED METAL AND CONTACT OPENINGS
DO NOT AFFECT PERFORMANCE.

Fig. 10—P-MOS gates: (above) Polycrystal-
line silicon; (right) Metal.

shifter/driver determine the maximum
number of devices it can drive. The
total load is also a function of the line
capacitance on the plug-in card. If the
interface circuit is to be designed to
drive several memory devices its power
dissipation may limit the number that
can be driven. The problem of heat
dissipation becomes serious as the
number of on-card memory devices
increases.

Two major contributors to the power
figure, other than the storage device
itself, are the peripheral-circuit steady-
state power and the capacitance-charg-
ing power CV?*f. Power can be reduced
significantly by minimizing the num-
ber of transitions per cycle and the
length of the period during which the
interfacing level shifters are in the
high-dissipation logic state. A card-se-
lect signal prevents the switching-on
of unselected cards and thereby elimi-
nates unnecessary switching transients.
and the bc power may be significantly
reduced by locking the interface level-
shifters in the low-power logic state.

A large memory in which many boards
are accessed at the same time would
have undesirable local-temperature
rises if the boards were too close to
one another. Thus, careful attention
should be given to the placement of
the array cards.

Storage-card dissipation during re-
fresh is approximately the same as
during write. The extremely short duty
cycle, however (one refresh every 60
©s), reduces the effective average dis-
sipation to a negligible figure.

The need to refresh the memory infor-
mation every 60 ws while providing
maximum service to a processor re-
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quires careful planning of the refresh
control. The simplest approach calls
for (1) a counter of 5-bit length to
accommodate all addresses to be re-
freshed, (2) logic to multiplex the
address lines from the normal address
register with lines to the refresh regis-
ter, and (3) interlocking logic to pre-
vent computer access during refresh.
This refresh system requires com-
mands between memory and proces-
sor to signal the availability of the
memory, but the memory availability
will be high because the refresh duty
cycle is short. Other refresh systems
can be designed which, although more
complicated, can make the refresh par-
tially or completely transparent to the
processor.

The remainder of the control logic is
similar to that for other memories and
consists of a command register, an
address register, a data register, and
timing logic. But study of the p-mos
memory chip has shown that failures
which lose data can occur. Logic fail-
ures of the clock, control, or 1/0 lines
while the memory is cycling will re-
sult in writing and reading wrong
information and inability to refresh.
Therefore logic control or error cor-
rection should be included, even
though it may not completely elimi-
nate the possibility of loss.

System design utilizing the p-mos re-
fresh-type memory chip requires little
more effort than any other semicon-
ductor memory. Care and thought in
system packaging and signal distribu-
tion should yield an acceptable, fast,
cost-effective memory.

Device technology considerations

P-MoSs circuits have been commercially



available for some time. They exhibit
the excellent threshold stability and
threshold values consistent with good
noise-immunity. Because of their lower
majority-carrier mobilities, p-mos cir-
cuits are slower than N-Mos cir-
cuits. r-Mo0s speed can be improved,
however, by lowering the threshold
voltages and increasing the supply
voltages.

Recently, the well-established technol-
ogy of depositing thin silicon layers
has been used to apply polycrystalline
layers on top of thin silicon dioxide
layers. These layers can be made con-
ductive enough by incorporating im-
purities that have sheet resistances on
the order of 10 Q to 60 Q per square.
Therefore, the polysilicon layers can
be used as the gate material for Mos
transistors and still have a sufficiently
small RC time constant to charge the
gate capacitance. Fig. 10 shows the
differences between the two basic con-
figurations. The self-aligning feature
of the silicon gate structures results in
lower Miller feedback capacitance and
permits smaller source-to-drain spac-
ings because these spacings do not
require tight successive photoresist
alignment steps. Because of this poly-
silicon gate, P-Mos circuits have
reached or exceeded the speed of con-
ventional N-Mos circuits,

Refresh-type memories, with their in-
herently small cell and storage capaci-
tances, put an additional burden on
the capabilities of the Mos devices
used. These memories require ex-
tremely low leakage currents (less
than 107"A at room temperature) to
permit long intervals between refresh
cycles. At room temperature informa-
tion will remain stored for tens of
seconds; at a 125°C junction temper-
ature, the leakages are increased and
retention time decreased by a factor
of 10°,

The attainment of both threshold sta-
bility and low leakage requires ex-
tremely clean processing conditions.
In addition, large-scale integration of-
fers an economic challenge: to make
a large number of chips per wafer
without defects. Because the chip size
is large and the wafer-connection pat-
tern complex, additional requirements
are placed on the metalization tech-
nology. The metal has to run over
fairly high steps of silicon dioxide and

polysilicon, steps that are substantially
higher thanin other integrated circuits.

The basic process selected should be
as simple as possible. Economic con-
siderations are important in the selec-
tion of the process.

Basic process

In Fig. 11 a chart of the processing of
polycrystalline silicon-gate p-mMos cir-
cuits is given. n-type silicon wafers
are used as starting material. In the
first steps, a heavy layer of silicon
dioxide (thicker than 10,000A) is
grown, and windows for active devices
are defined and cut by photoresist
techniques. A thin layer of silicon
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Fig. 11—Processing of polycrystalline-sili-
con-gate PMOS circuit.

dioxide (1000A to 1800A) is grown in
these areas. Then a layer of polycrys-
talline silicon is deposited over the
whole wafer by a chemical reaction
employing the pyrolytic decomposition
of silane (SiH,) at temperatures from
600°C to 800°C. The temperature de-
termines the grain size and deposition
rate.

Afterwards, the polycrystalline silicon
layer is defined and etched by photo-
lithographic techniques with an inter-
mediate etch-resistant mask of SiO. on
top of the polysilicon. Line widths of
five um are practical when using poly-
silicon.

A boron diffusion creates the p-n junc-
tions for the source-drain regions. Lat-
eral diffusion narrows the source-drain
spacing. Simultaneously, the polycrys-
talline layer is made more conductive,
and therefore useful for wafer inter-
connections and crossovers. For the
latter, another layer of silicon dioxide
is necessary. Then, contact holes are
defined and cut.

For individual 1024-bit arrays, alumi-
num is used as the metal; the large
step heights require a heavy layer. The
interconnection patterns are again de-
fined by photoresist, and a protective
layer of silicon dioxide is then ap-
plied. Finally, the circuits are mounted
into packages and ultrasonically
bonded to the leads.

Summary

The application of the p-Mos silicon-
gate technology has made possible the
design of a solid-state memory system
utilizing a 1024-bit RAM chip as its
basic building block. As advances in
processing technology and design tech-
niques make more complex chips eco-
nomically feasible, solid state memo-
ries will provide a formidable eco-
nomic and performance challenge to
present memories.
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MONG THE ADVANTAGES of cos/

Mos memories is the ability to
perform over wide extremes of tem-
perature and power supply variations
with high noise immunity. Thus, cos/
MOS memories can operate in environ-
ments where single-channel mos or
bipolar devices cannot.

Economies in system design are ob-
tained by the requirements for a single
non-critical power supply voltage. Fur-
thermore, the memories are static and
do not require high-power clock pulses
or preconditioning pulses for proper
operation. Therefore, system power
and complexity are substantially re-
duced, when compared with other
technologies. Also, system noise prob-
lems are eased, because large transient
currents are not developed.

Typically, memory systems utilizing
cos/Mos circuitry can achieve access
times faster than 500 ns with a quies-
cent power dissipation of 1 pW per bit
and a dynamic power drain of less
than 25 W per bit.

The flexibility of cos/mos is such that,
in applications where minimum power
dissipation is not a pre-requisite, the
same arrays can be operated in the
100 to 150-ns range by increasing the
power supply voltage and using bi-
polar interface circuits.

RCA has developed and is currently
expanding a family of cos/Mos mem-
ory devices. Table I indicates the char-
acteristics and status of these devices.

COS/MOS memory storage cell

The characteristics of the memory de-
vice size, power, speed, and stability
arc all dependent upon the design
choice of the storage cell. The general
requirements for a storage cell are
small area, low power, and insensi-
tivity to slight variations in processing
or fabrication.
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The memory storage cell common to
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Table |I—COS/MOS Memory Characteristics

.

Sense
g 5 H ’ Selection Access  current*** N
all RCA cos/mos memories consists Capacity Stand-by (o) e uay 5
of two cos/mos inverters cross- Designation Type (bits) (nW/bit) Pp Ps  (ns)= Status
coupled to form a flip-flop. This circuit CD4005 zo?‘-dle)coded 16 6.2 = 10 15** 1000 In production
. . X4X =
configuration is extremely stable and TA5577*  Non-decoded’ 64 450 20 24 50%* 800 Limited
. 9o . e (8x8x1) . " production
dissipates negligible power. Power dis TA5870*  Non-decoded 256 12004+ 32 33 80%* 300 Avallable for
sipation is due primarily to the leak- (16x16x1) : experimental
use only
age currents of the p- and n-channel L 50 gy 256 12004+ — 33 200°* 300 Limited sample
transistors in the off state on opposite decode ~qua_r;ti,;iles
. . . . 256x1 - available
sides of the flip-flop. The circuit ex- TAS974*  Full 256 1200%%*+ 33 450 Voltage  Limited sample
hibits excellent noise immunity and a decode quantities
o 9 256x1 — output available 4th
sharp transition region, as a result of . quarter

the threshold voltages of the cos/mos
transistors and the push-pull opera-
tion of the back-to-back inverters.

Single transistor transmission gates
are employed as a simple and efficient
means of performing the logic func-
tions associated with storage cell selec-
tion, combining it with the sensing
and storing operations (Fig. 1).

Addressing is accomplished by ener-
gizing X and Y word lines that turn on
the transmission gates on both sides of
the selected flip-flop. (In this case, be-
cause p-channel transmission gates are
shown, a ground level is required for
selection). A current path is then pro-
vided from the most positive pc sup-
ply voltage, Vi, through the p-channel
transistor which is on in the flip-flop
and the transmission gates to the sense
digit lines, D., and D,. There will be
current flow in only one of the digit
lines, depending upon the state of the
flip-flop.

The write operation is performed by
addressing a cell, then changing the
state of the D, or D, line, from ground
to V... As one side of the flip-flop is
charged to V.. the opposite side is
held to ground potential, i.e., the volt-

“Vop

T 1

*RCA Dev. Nos. -
**Current sensing
***Vopp—Ves=10 Volts

***+Premium devices can be obtained with 10-nW power dissipations.

age at A is forced to that of D,; cor-
respondingly, the voltage of B is forced
to that of D,. This push-pull drive
scheme results in a high-speed and
reliable write operation and low power
dissipation.

The geometry of the transistors in the
storage cell is chosen to insure that
under worst-case conditions, the state
of the cell remains stable, the read
operation is nondestructive, and the
write operation is reliable and does
not disturb unselected cells. Con-
straints are placed on the ratios of
transistor geometries to insure reliable
operation; the absolute size of transis-
tors is a design trade-off primarily in-
volving sense current magnitude and
chip area.

An example of the transistor cell oper-
ation is shown by the circuit in Fig. 1.
In this circuit, the transistor geome-
tries of the transmission gates Q2, Q7,
Qf1, and Q8 must be such that during
a read operation with Q3 and Q6 on,

the voltage at point B is maintained
greater than the threshold of the Q5,
Q6 inverter. The amount that point B
is positive compared to the Q5, Q6
junction determines the stability. Tran-
sistors Q7 and Q8 will have no influ-
ence upon the potential at Point A,
because they are both on and returned
to the same ground potential as point
A. Similar stability considerations are
required if transistors Q4 and Q5 are
in the conducting state.

During the write operation, the state
of the flipflop is changed by raising
the potential in one of the D lines tc
Voo, If D, were raised to Vap and D,
remained at ground, the transistor
geometries must insure that the poten-
tial at point A exceeds the threshold at
the junction of Q3 and Q4, turning
Q3 off and Q4 on. Turning Q3 off will
move point B towards ground. This
effect will initiate a feedback action
between the cross-coupled inverters,
insuring a rapid and reliable write
operation.
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Fig. 2—Computer-calculated regions of reliable memory cell opera-
. tion showing proper centering of cell design point (T=25°C),

Fig. 1—Bit-organized memory cel
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Fig. 3—Typical memory cell with D-line decoding.

As is the case with flip-flop circuitry,
the design considerations for set and
reset tend to be mutually exclusive,
and it is important that the transistor
conductance ratios be suitably cen-
tered in a region of reliable read and
write operations.

Fig. 2 summarizes the results of a typi-
cal analysis at 25°C, showing how the
design point is suitably centered in a
region of stable operation. The X co-
ordinate is the ratio of widths of the
p-channel to the n-channel transistors
in the flip-flop. The Y coordinate rep-
resents the ratio of the width of the
smaller p-channel mos transistor in the
flip-flop. For analysis, a grid of points
is measured on the breadboard and
simulated on the computer. Contours
are then plotted for read and write cur-
rents, and failure boundaries are lo-
cated. A design point is chosen and
variations in current and voltages
around this point are then plotted for
changes in various parameters such as
mobility, doping. etc. In general, the
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basic design considered has a safety
factor in excess of 5, in that the con-
ductance of any transistor can be off
by a factor of 5 and still permit reli-
able operation. The centered design
permits a wide margin of safety even
over the combination of all worst-case
conditions studied.

The RCA CD4005 uses an eight-trans-
istor bit-organized cell such as the one
shown in Fig. 1. A reduction in tran-
sistor count can be made by a slight
modification in decoding technique.
This method is used in the design of
the 256-bit memory and is illustrated
in Fig. 3. In this design, the Y-select
transistors are common for each col-
umn of storage clements instead of
appearing in cach cell as previously
illustrated. This configuration reduces
the transistor count to slightly over six
per memory cell. This technique,
called D-line decoding, is used in the
more recently designed cos/mMos mem-
ories, i.e., RCA Dev. Nos. TA5577,
TA5870, TA6042, and TA5974.
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Fig. 4—Address decode.

D-line decoding requires one addi-
tional transistor for each column bus
to insure that unselected column buses
are clamped to a known potential and
are not free to assume a random volt-
age. An unclamped bus will assume a
potential determined by leakage cur-
rents, stored data, and previous opera-
tions. This situation can result in
sufficient energy being stored in col-
umn bus capacitance to switch the
state of a storage cell when only an X
address is selected. This half-select
problem is solved in the circuit of Fig.
3 by the n-channel transistors being
placed in parallel with the column sec-
tion (Y-address) transistors. By con-
necting the gate of the n-channel
transistor to the Y-address line, a
clamp is lifted whenever its column is
selected; therefore there is no inter-
ference with full-selection operation.

The use of the clamp does increase the
power dissipated in the array during
selection. When an X-address line is

L

TRANS

__— e — —— GATES

| i ™~ |
| | 1
-2 ce Voo
U
GATE
HO.
Do MEMORY PLUS 01
ADORESS DECODERS
AW TE= RW+CE
I -

Fig. 5—Write circuitry.

Fig. 6—Output circuitry.




selected, a current (/) can flow from
V.., through the flip-flop p-transistor to
ground by way of the unselected col-
umn n-channel clamp transistors. This
current adds to the overall power dis-
sipation but has no effect on the sens-
ing operation. The array dissipations
can be represented as:

Plarltal Select \/ﬁxvnnxlx
(X address selection only) and
Pootectea= vVi—Tx
VIII)XI\'+ VI‘IIXINPIN!‘ {One)
(For both X and Y selection), where 11
is the number of storage bits.

Address decoding

Some of the available cos/mos arrays
are non-decoded, giving the system
designer direct access to the address
and sense-digit lines of the array. This
design permits speed and power trade-
offs, as the system application requires.

The decoded arrays have incorporated
binary decoders which are connected
to the address lines, thereby reducing
the number of external chip connec-
tions. The 32 address lines of a 256-
bit memory are reduced to 8 binary
address lines. The array is arranged in
a 16 by 16 matrix requiring 4 X- and
4 Y-address bits. The Y decoder is
composed of 16 four-input NAND gates.
The X decoder has 16 five-input gates.
The fifth input on the X decoder is for
the chip select signal. If the chip is not
selected the X address decoders are
inhibited setting the 16-X address lines
to V... Therefore, the row transmis-
sion gates are not selected, and partial
select current cannot flow.

A typical X decoder is shown in Fig. 4.
When the decoder output is at ground
potential, the addressing transistors
turn on because they are p-channel de-
vices. The Y decoder is similar in
design with the exception of the chip
enable input.

Read/write operation

The memory cell on-chip has common
shared lines for sense and digit write

Table II—Operational modes.

Signal lines Sense lines
Read/ Chip

Operation write enable D Do Do
Chip

inhibited X H X F F
Read L L. X Q Q
Write ““1”° H L. H F F
Write 0"’ H I L F F
Legend:

E: floating (data output disconnected from out-
put terminal)

X: don’t care

L: low level—logic ‘‘0°’

H: high level—logic “1*’

Q, Q: data output

O O i o o

s 443 hiaadyy
////////////

Fig 7—Evolution of COS/MOS memory arrays: (a) CD4005 16-bit non-decoded—70x70 mils,
(b) TA5577 64-bit non-decoded; (c) TA5870 256-bit non-decoded—110x128 mils; and {(d)

TAB042 256-bit full decoded—121x124 mils.

(D, and D, in Fig. 3). To simplify chip
interfacing, these functions are sepa-
rated on the chip and brought out to
different terminals. A read/write com-
mand input is required to control the
functional operation of the chip.

When the read/write input is low or
at the most negative DC supply volt-
age, V.., the memory will read out the
information of an addressed cell.
When the read/write input is high or
at V.. the information, as determined
by data-in logic level, is written into
the addressed cell. The writing cir-
cuitry is shown in Fig. 5. When the
read/write input is at Vi, transistor
Q2 turns on providing a voltage (V)
that can be applied to either D, or D,
as determined by the state of data-in.
If data-in is at V..., Q3 turns on apply-
ing V,, to D If data-in is at V.., Q1
turns on applying V,, to D, The
actual voltage applied to the memory
cell is somewhat less than V,,, due to a
voltage divider effect of the addressing
transistors.

To prevent spurious output signals, it
is necessary to have an output control
pulse that inhibits an output from
appearing on the data lines while writ-
ing or while the chip is unselected.
This condition is accomplished by a
transmission gate at the output that
turns off, blocking the data lines, when
the chip enable or read/write control
lines are at V.. This circuit is illus-
trated in Fig. 6 and uses a 2-input
NAND gate and an inverter with two

transmission gates. The two inverters
in each of the data lines are used as
sense amplifiers to obtain a voltage
output. When these inverters are miss-
ing the memory is a current output de-
vice. A truth table of the TA5974 is
shown in Table II.

Conclusion

cos/Mos memory devices have evolved
over a three-year period from a non-
decoded 16-bit array to a fully de-
coded 256-bit device. This evolution
is illustrated in a series of photographs
in Figs. 7(a), (b), (c), and (d) which
indicate the relative complexity and
size of the different memory chips.
The current 256-bit memory devices
have a chip arca of approximately
15,000 mil*. This area corresponds to a
transistor density of over 150,000/in®.

As new techniques and technologies
are developed, these cos/mMos devices
will be employed to further increase
chip storage capacity and decrease
power dissipation. A 1024-bit cos/mos
memory chip is certainly realizable in
the near future.

Current programs in C0s/Mo0s memory
include the development of sealed-
junction beam-lead cos/mos memory
arrays. Hybrid packaging techniques
will enable the fabrication of high den-
sity, reliable. and exceptionally eco-
nomical memory systems. The key
word for cos/mMos memory is high re-
liability and therefore the future holds
a great promise.
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¢ HY INTERFACE CIRCUITS?” is

a most appropriate question
since one of the early claims made by
semiconductor memory advocates was
that semiconductor memories, being
made of the same “stuff” (silicon) as
logic circuits, could interface directly
with logic. In general, this claim has
proven to be true for those memories
fabricated with the same technology
as the logic.

As an illustration, RCA’s bipolar
EccSL RAM (CD2155D) readily inter-
faces with standard emitter-coupled
bipolar logic. In a similar way, RCA’s
developmental cos/mos Rram (TA-
5974) directly interfaces with stan-
dard cos/mos. logic without inter-
mediate buffers.

Buffer circuits are needed in many
cases, however, when we try to inter-
mix fabrication technologies for mem-
ory and logic. Such intermixing is
often desirable to more fully exploit
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Fig. 1—MOS memory array performance as
a function of supply voltage.
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Fig. 2—Memory-logic interface.

the particular attributes of each tech-
nology: the mos technology for high
density, low power memories and the
bipolar technology for high speed,
high load-drive logic. It is an efficient
and effective marriage.

Fig. 1 illustrates the advantages of
operating a typical Mos memory array
at, increased power-supply voltages.
The array is an RCA developmental
256-bit fully decoded cos/Mos RAM
(RCA Dev. No. TA6042) with output
current sensing. Note that very sub-
stantial improvements in both access
time and sense current occur with
higher supply voltages. This radical
improvement in performance provides
the major justification for introducing
expensive custom interface circuits to
buffer between logic and memory.

One possible arrangement of memory
arrays with supporting interface buf-
fers is illustrated in Fig. 2. In this
scheme utilizing current-sense Mo0S
raMS such as TA6042, essentially two
types of buffers are required. One
type provides a digital-to-digital (p/p)
transformation (TTL/ECL to MOS)
whereas the other type performs an
analog-to-digital (A/p) transformation
(sense current to TTL/ECL).

The level shift problem

Level-shift interface circuits perform
the necessary function of boosting the
voltage levels and swings of standard
ECL or TTL logic circuits to the much
higher (2 to 20 times) values at which
typical MOs memory arrays perform
most efficiently.

Frequently, these custom circuits also
must provide sufficient power gain to

drive the high capacitance loads (100
to 300 pf) usually associated with
paralleled memory arrays. Because of
this high load-drive requirement, the
level shifter output circuit must neces-
sarily take on some form of the “to-
tem-pole” active pullup and pull-
down usually associated with stan-
dard TTL circuits.

The high-voltage breakdown require-
ments (15-25 V) on the interface cir-
cuits used with p-channel Mos RAM’S
dictate either more sophisticated cir-
cuit techniques or processing modified
from that of the standard TTL or ECL.

Design approaches: TTL/MOS
level shifters

There are three separate approaches
to the design of TTL/MOS level-shift
interface circuits. These circuit tech-
nology approaches are described be-
low with the aid of sample circuits
shown in Fig. 3 which are used for
illustrative purposes. The actual circuit
designs differ from the illustrated cir-
cuits according to the particular op-
timization required.

The most obvious and straightforward
approach for the circuit designer is to
adopt a process capable of accom-
modating both the switching speed of
the TTL logic circuit and the voltage
swing of the Mos memory. A standard
factory process should be specified if
a suitable one is available. This per-
mits the fabrication of the circuits
with a minimum development cycle
time at a minimum cost.

Fig. 3a shows a typical circuit that
might be used as an interface between

vee,

Vee,

O—4
O_

a) High voltage processing, integral Schottky
transistor; T2L input, MOS output.

b) High-voltage processing, non-integral
Schottky transistors; T°L input, MOS output.

Veee

Ve,

Key "

* Schottky

diode

?9

Schottity
transistor
(see text)

c) Low voltage processing, integral Schottky
transistors; T2L input, MOS output.

Fig. 3—TTL (T3L)/MOS level shift circuits.
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Fig. 4—Schottky clamped transistor struc-
ture.

BURIED LAYER

TTL logic and Mos memory. This cir-
cuit uses Schottky diodes built across
each saturating transistor collector-
base junction as an integral part of
the transistor structure. Each diode
clamps the collector-base junction so
that the collector cannot become for-
ward-biased enough to inject current
into the base. This Schottky diode
clamp can be built with only minor
changes in processing and eliminates
the need for gold doping to reduce
storage time.

The breakdown voltage requirement
Vero (collector-emitter voltage, base
open) for the circuit in Fig. 3a might
be as high as 25 V. This breakdown
voltage is easily achieved with stan-
dard processes involving the use of a
10-um epitaxial layer of about 1 ohm-
cm resistivity. There is a problem,
however, in making a suitable Shottky
diode on such an epi layer. The com-
bination of relatively high resistivity
and thick epitaxial layer results in a
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Schottky diode with a high forward
resistance, as shown in Fig. 4.

The Schottky diode is the contact be-
tween the base metallization and the
epitaxial silicon. The figure shows
that the collector-base resistance in a
Schottky transistor is primarily due
to the region between the buried layer
and the silicon just under the base
metallization.

This resistance, shown by the dotted
line, can be more than 100 ohms in a
typical Schottky transistor. Such a
large resistance in series with the
Schottky diode severely reduces its
ability to prevent current injection
from the collector into the base of the
transistor. Fig. 5 shows the forward
characteristic of a normal p-n (base-
collector) junction, an ideal Schottky
diode, and real Schottky diode. The
actual forward characteristic ob-
served is the composite shown. The
Schottky diode is completely ineffec-
tive as a clamp for preventing satu-
ration at any current level above the
intersection of the curves representing
the base-collector junction and the
real Schottky diode.

There are a number of possible solu-
tions to this problem of diode series
resistance. One possible solution is a
reduction of both the thickness and
the resistivity of the epitaxial layer, an
increase in the size of the Schottky
diode, and a careful optimization of
the fabrication process in an attempt
to maintain an acceptable breakdown
voltage. Possibly a better solution is
to use a circuit “trick” such as that
shown in Fig. 3b. With this circuit,

REAL SCHOTTKY
WITH SERIES
RESISTANCE

the Schottky diode, rather than being
connected directly between collector
and base of the transistor, is con-
nected from the collector of the tran-
sistor back to its base (or other
control point) through an appropriate
offsetting element. Such an element
might be a suitably connected re-
sistor, diode, or transistor. This tech-
nique is analogous to that of the
familiar ‘“Baker clamp” which had
proven successful in discrete circuits
prior to the introduction of gold dop-
ing for storage time control. There
are, however, several shortcomings to
this approach:

—It is somewhat more difficult to set the
circuit output to low voltage than in
standard saturating TTL. This difficulty
exists because of the more complex
interaction between devices in the feed-
back loop of the pull-down device.

—There are possible stability problems
associated with a feed-back loop around
two active devices. Care should be
taken when transistors are employed as
offsetting means.

—The circuit is somewhat more complex
than that in Fig. 3a.

Another circuit solution is illustrated
in Fig. 3c. This circuit is configured
such that the high-voltage devices al-
ways see, both in on and off states, a
sufficiently low return impedance such
that V.., operation (where the base
is connected to the emitter through a
fixed resistance) is encountered rather
than V... This circuit requires about
half the breakdown voltage of the
other two. Because of the reduced
breakdown voltage requirements,
trade-offs can be made in processing
to achieve a much lower series re-
sistance for the Schottky diode. Al-

?*Vcc

P E

oty

[s] 0.2 0.4 0.6 0.8
VOLTAGE-V

Fig. 5—Composite forward current-voltage charac-

teristics of base-collector junction.

Fig. 6—ECL/MOS level shifter.
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Fig. 7—Photomicrograph of a developmental
quad ECL/MOS level shifter.

though this circuit requires more com-
ponents, the transistors in particular
are generally smaller, and the overall
physical size of the circuit may not be
much larger than the others. The cir-
cuit in Fig. 3c is particularly promis-
ing because of the lower breakdown
voltage requirements.

ECL/MOS level shifters

A relatively straightforward approach
employing conventional processing
technology is possible for the design
of EcL/Mos buffers. Because the phase
splitter is essentially a non-saturating
current mode logic (CML) switch,
preventing saturation of the active
pull-down transistor of the output to-
tem-pole is the only problem. Such
saturation can be prevented by using
either Schottky diodes or collector-
base junction diodes as in the TTL/
Mos level shifter. The Schottky diodes
are preferred, of course, because they
are predominantly majority carrier de-
vices and their storage time is essen-
tially zero, while base-collector diodes
have relatively long storage time.
Base-emitter diodes cannot be used
because of their low breakdown
voltages.

Fig. 6 illustrates a simple circuit
for implementing the Ecr/mos level
shifter. It can drive a load capacitance
of several hundred picofarads at mod-
erate standby power dissipation.

A photomicrograph of a develop-
mental quad EcL/Mos level shifter,
RCA Dev. No. TA5995, based upon
the described circuit techniques, is
shown in Fig. 7. The device dissipates
nominally 450 mW and will drive 10
V cos/Mos arrays. Rise and delay
times are typically 15 ns with 100 pF
load capacitance.

The sense amplifier problem

The sense amplifier transforms a small
sense current developed by the Mos
memory device into a (TTL/ECL) logic-

Fig. 8—Combined dual digit driver and cur-
rent sense amplifier.

level voltage suitable for driving stan-
dard logic IC’s.

The primary circuit design problem
revolves about the particular input-
output (I/O) circuit chosen for the
Mos memory array Specifically, if a
common data-in, data-out channel is
decided wupon, the sense amplifier
must be capable of sustaining and
recovering from the digit drive sig-
nals. These signals are typical of the
same high level as the memory array
power supply and are developed by
level shift interface circuits.

If, however, separate channels are em-
ployed for data-in, data-out, then the
sense amplifier need merely boost the
small sense signal current (typically
0.1-1.5 mA) and develop the appro-
priate signal (TTL/ECL) and drive
capability (fan-out). This requirement
is relatively straightforward.

From this discussion it is readily ap-
preciated that separate 1/O channels
are preferred on the Mos memory de-
vice, as long as the additional mos
circuitry and the requirement of one
more pin are not too burdensome.

ECL/MOS sense amplifier

A photomicrograph of a combined
dual digit driver and current sense
amplifier integrated circuit is shown
in Fig. 8. This developmental device
is intended for use with single-channel
1/O current sensing p-channel Mos
and cos/Mos memory arrays. Both
digit level shift and current sense am-
plifier functions have been combined
in a single IC which efficiently ac-
complishes channel separation.

Technology for interface circuits

Considering the various circuits dis-
cussed, a need for two basically dif-
ferent processes becomes evident: one
with a relatively high breakdown volt-
age necessary for circuits in Fig. 3a

and 3b, and another with a relatively
high speed but lower breakdown volt-
age suitable for circuits in Fig. 3¢ and
6. The higher voltage process is bas-
ically a standard linear process giving
a breakdown voltage of about 25 V
for Vewo. The high-speed process is a
modification of a high-speed digital
ECL process with minor changes 1o
improve the breakdown voltage.

Table I shows the processing sequence
for two proposed processes. The major
differences are:

Epitaxial layer thickness and resistivity,

Order of base and contact diffusion,

and

A non-reoxidized emitter in the high-

speed process.
The addition of the Schottky diodes
for storage time control requires no
additional processing steps but does
require care in wafer metallization
and also requires tighter tolerances on
process parameters. This need arises
because of the severe requiremernts
for both breakdown voltage and low
series resistance. Present Schottky
transistors use aluminum (or silicon-
aluminum alloy) contacts. Similar
transistors have also been made using
beam-lead metallization with platinum
silicide or palladium silicide contacts.

Conclusions

The design and fabrication of bipolar
interface circuits for Mos semicon-
ductor memory systems is readily ac-
complished by combining careful cir-
cuit design and optimization with the
proper choice of processing tech-
nology.

Schottky diode technology, super-
imposed over existing high-voltage
high-speed processing technology, pro-
vides the key for fabricating high-
performance special-purpose bipolar
circuits at commercial costs.

Table I—Interface circuit processing se-
quence.

High-speed process High-voltage process

Epi layer growth Epi layer growth
7-10 um 3-5 um
Pocket diffusion Pocket diffusion
Isolation diffusion Isolation diffusion
Deep collector diffusion Dcep collector diffusion
Base contact diffusion  Base diffusion
Base diffusion Base contact diffusion
Emitter diffusion Emitter diffusion
Open all contacts Open base and
Metallization resistor contacts
Open emitter contacts
with n- and p-contact
mask
Open Schottky contacts
with Schottky and
p-contact mask
Metallization
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Materials and Processes

Laboratory

Dr. J. A. Amick

Improvements in the materials and processes used in fabricating semiconductor
devices generally lead to increased profits. To assist in reaching this goal, the Mate-
rials and Processes Laboratory of the Solid State Technology Center provides RCA
with a wide variety of materials, processes, and techniques related to the fabrication of
solid state devices. This paper describes the organization and programs of the six

major research groups within that Laboratory.

IN LARGE MEASURE, the yield and the
reliability of semiconductor de-
vices are controlled by the processing
techniques and the materials used in
their preparation. Improvements in
processes or materials usually translate
directly into increased profits. Accord-
ingly, the primary goals of the Mate-
rials and Processes Laboratory are to
maintain and control the underlying
technology used in the manufacture of
solid-state devices and to develop im-
provements that will advance RCA’s
competitive edge, especially in the
area of silicon technology. This labora-
tory also serves as an evaluation center
for new commercially available ap-
paratus and materials useful for semi-
conductor device fabrication and offers
technical consultation and analytical

services to RCA’s manufacturing facil-
ities.

Organization and programs

The Laboratory is divided into six
major areas of activity, each having
approximately four staff members and
a similar number of support personnel.
These areas are 1) Crystal Growth,
headed by U. Roundtree, 2) Diffusion
and Passivation, headed by K. Strater,
3) Photoresists and Polymers, headed
by R. Epifano, 4) Metalization, headed
by R. Soden, 5) Metallurgy and Bond-
ing, headed by C. Horsting, and 6)
Analytical Techniques and Device
Failure Analysis, headed by A. Stoller.
Each of these activities will be de-
scribed in turn.
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Dr. James A. Amick, Mgr.

Materials and Processes

Solid State Technology Center

Solid State Division
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received the AB in Chemistry from Princeton in
1949. He spent a year as a predoctoral fellow at
Brookhaven National Laboratory, Upton, Long Is-
land, and returned to Princeton for an MA and
Ph.D. in Physical Chemistry in 1951 and 1952,
respectively. In 1953 after a postdoctoral year at
Princeton, Dr Amick joined RCA Laboratories. In
1956-57 he spent a year at Laboratories RCA, Ltd.,
in Zurich, Switzerland. On returning to Princeton,
he was assigned to the Materials Research Labor-
atory where he engaged in research on the stabili-
zation of semiconductor surfaces and the epitaxial
growth of semiconductor elements and IlI-V com-
pounds. Late in 1963 he joined the Process
Research and Development Laboratory, which
subsequently was incorporated into the Process
and Applied Materials Research Laboratory. Cur-
rently he is Manager of the Materials and Pro-
cesses Group. Dr Amick is a Fellow of the
American Institute of Chemists and a member of
the American Chemical Society, the Electrochemi-
cal Society, AAAS, and Sigma Xi. He is listed in
Leaders in American Science.

Crystal growth

The Crystal Growth group is primarily
responsible for the deposition of single-
crystal silicon layers on silicon sub-
strates by the chemical vapor deposi-
tion process commonly referred to as
““epitaxial growth”. This process is em-
ployed in the fabrication of many types
of discrete transistors and of most inte-
grated circuits and has become an im-
portant “building block” in the design
and manufacture of the new, more
sophisticated devices and arrays.

One goal of this group is the evalua-
tion of alternative types of epitaxial
growth apparatus. For this purpose,
two new, commercial “pancake” style
reactors have recently been installed.
(Fig. 1). These units are being com-
pared with the RCA designed “vertical
epi” units to determine which config-
uration permits the most uniform and
the most economical deposition of sili-
con, both for silicon growth on silicon
substrates and for silicon growth on
sapphire substrates.! Analysis of the
gas flow patterns in the two types of
apparatus should lead to an improved
understanding of the process and sub-
sequently to new apparatus designs
that will give even tighter control over
the deposition reaction.

Surface quality

The surface quality of deposited sili-
con layers is critically dependent on
the cleanliness and perfection of the
substrate on which growth takes place.
A second goal of the Crystal Growth
group is therefore to investigate the
surface perfection of substrates and to
devise improved cleaning and handling
techniques that eliminate or minimize
defects which would spoil the depos-
ited layers. A new technique for deter-
mining surface perfection has resulted
from research carried out at RCA.*®
This technique employs the thermal
oxidation of silicon, followed by re-
moval of the oxide layer and etching in
Sirtl etch® to reveal imperfections that
are difficult to detect by any other
method. With the help of this tech-
nique and other analytical methods,
the quality of substrates for epitaxial
growth can be greatly improved, and
the quality of epitaxial layers grown
on these substrates can be better con-
trolled.

Reprint RE-17-3-11
Final manuscript received Sept. 2, 1971.



Fig. 1—One of the newly installed “pancake” type epitaxial growth reactors.

Analytical techniques for determining
the thickness and resistivity of epi-
taxial layers, especially when several
layers of differing resistivity are grown
one on top of another, must be im-
proved so that these multiple layers
can be produced controllably. Accord-
ingly, a third goal of this group is the
development of improved methods of
characterizing epitaxial layers. Meth-
ods that are rapid and simple enough
to be used readily in a production loca-
tion are particularly needed.

Because the processes and the appara-
tus are the same as those employed in
epitaxial growth, the deposition of
polycrystalline silicon is carried out in
the crystal growth group. Polycrystal-
line silicon layers are finding applica-
tion in the preparation of “silicon
gate” Mos devices and in the fabrica-
tion of certain discrete devices such
as high-frequency transistors.

Finally, the Crystal Growth group is
responsible for improving and con-
trolling the growth of single-crystal
gallium arsenide ingots used in the
preparation of light-emitting diodes
and lasers.

Diffusion and passivation

Diffusion is one of the oldest and
passivation one of the newest of the
processes used in semiconductor de-
vice preparation. Improvements in
processing in both of these important
areas are now taking place with the

advent of improved chemical vapor
deposition techniques for forming
dielectric layers.’

The basic diffusion process remains
unchanged. The novelty is in the mate-
rials employed as diffusion sources:
layers of silicon dioxide containing ap-
propriate dopants are formed directly
on a silicon wafer for this purpose. A
material relatively new to semiconduc-
tor processing, silane (SiH,), is used
as a source of silicon in the prep-
aration of these layers. In special
apparatus devised at RCA* (Fig. 2),
this reagent can be mixed with oxygen
to deposit layers of silicon dioxide on
almost any desired substrate at modest
temperatures (in the 300° to 450°C
range). With proper admixture of
other hydrides, such as diborane
(B.H.) or phosphine (PH,), layers of
mixed oxides are formed. Boron and
phosphorus are the two most common
dopant impurities used in semiconduc-
tor device fabrication. The deposition
of a mixed oxide thus provides a solid
diffusion source for these dopants. The
oxide layer (deposited at 400°C) be-
comes a source of the appropriate do-
pant (phosphorus or boron) which
diffuses into the underlying silicon
wafer when it is subsequently heated
to temperatures in the 1000°C range.
Since the diffusion source is deposited
at a relatively low temperature and
covers the silicon wafer during the
high temperature diffusion step, the

wafer is protected during diffusion and
problems of contamination are mini-
mized. In addition, this process is
much more readily controlled and
gives more reproducible results than
earlier diffusion techniques. Additional
applications for this new technology,
which is already employed in the man-
ufacture of RCA semiconductor de-
vices, are now being investigated.
Other solid diffusion sources are being
evaluated in the diffusion and passiva-
tion group and problems encountered
with earlier diffusion techniques are
being examined so that the broadest
possible range of technology will be
available to device designers.

Passivation

Passivation of a device implies that it
is treated in some manner to make it
insensitive to handling and to oxygen,
water vapor, and other impurities in
the environment. Early semiconductor
devices were packaged in hermetic
metal “cans” which provided this pro-
tection.

Recently, new processes have been de-
veloped that form a passivating layer
directly on the surface of the device
itself. For such passivated devices, the
requirements placed on the outer pack-
age are relaxed, and less expensive
packages—for instance those made of
plastics—can be employed. As passi-
vating layers, relatively thick layers of
borosilicate glass can be used.” Such
layers can be deposited from silane
and diborane, as described above. Lay-

2. 5 -"‘\.- ;- "‘x‘_:H ‘
Fig. 2—Apparatus for the chemical vapor

deposition of silicon dioxide layers from
silane.



ers of silicon nitride are also used for
passivation because this material is im-
pervious to alkali metal ions. Silicon
nitride can be deposited on a substrate
by a variety of techniques such as the
reaction of silane and ammonia. Even
in layers only about 100 nm thick, sili-
con nitride provides a remarkable de-
gree of passivation; the stability of
“beam-leaded” semiconductor devices®
depends on these layers. The Diffusion
and Passivation group is investigating
these and other potential passivating
layers such as aluminum oxide, as well
as combinations of two or more insula-
tor layers to determine what materials
and processes will passivate a given de-
vice structure.

Photoresists and polymers

Photoresists are probably the most
“arty” and the least understood and
controlled of the materials used in
semiconductor manufacture. Organic
rather than inorganic, they tend to be
thermally unstable and their properties
are relatively difficult to control.

Since they are light sensitive, photo-
resists are employed to create patterns
in silicon dioxide and other insulating
layers, in silicon, and in the metals
used in the construction of semicon-
ductor devices. Photoresist patterns are
employed when exceptionally fine de-
tail is required, as in the preparation
of integrated circuits and overlay
transistors.

Commercially, many photoresists are
available, each with its own particular
advantages and disadvantages. On of
the principal goals of the Photoresists
and Polymers group is to characterize
these photoresist materials and to
recommend photoresists for a given
application. In addition, the group
evaluates commercially available ap-
paratus for the exposure of photore-
sists (aligners). RCA #1 photoresist,
a development of the Laboratories at
Princeton, is prepared by this group
and made available at nominal cost to
RCA users.

Polymer materials evaluated in the
photoresist group include junction
coatings and encapsulants. A wide
variety of commercially available
epoxy and silicone materials have been
tested and, through close working
relationships with the manufacturers,
special formulations of plastics have

been supplied for testing by RCA. The 4 :
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materials now used for plastic encap-
sulation of linear integrated circuits,
for example, were formulated espe-

cially for RCA’s use through the ef- ge==
forts of this group. As our understand- B

ing of the parameters that govern the
suitability of an encapsulant (e.g.
thermal expansion coefficient, adhe-
sion to the die or metal lead frames,
optimum curing times and tempera-

tures) improves, the polymer mate- :

rials can be better controlled, and

standards for testing incoming mate-

rials can be set up.

One by-product of this work is the
development of two new screenable
molybdenum inks. These inks, pre-
pared with new binders, give increased
bond strength and finer line definition
on screening than conventional molyb-
denum metallizer inks. Currently,
these inks are used in the preparation
of ceramic packages at Findlay. They
are available to other RCA locations
at nominal cost.

Metalization

As integrated circuits become larger
and more complex, the quality of the
metalization that interconnects indi-
vidual transistors, resistors and capaci-
tors in a circuit becomes more and
more important in determining per-
formance and reliability. For inte-
grated circuits manufactured by RCA,
either aluminum or the newer “beam
lead” metalizations — e.g., titanium-
platinum-gold—is employed. These
materials are deposited by vacuum
evaporation or sputtering, the equip-
ment for both of these processes being
closely related. Tmprovements in the
combinations of materials and in the
deposition techniques are being sought
by the Metalization group. A major
goal is to apply the beam lead metali-
zation concept, originally developed
for bipolar integrated circuits, to Mos
field effect transistor arrays, a tech-
nology area in which RCA has pio-
neered.” A second goal is to devise a
multilayer metalization scheme for
beam leaded devices. To help under-
stand the limitations of the various
metalization materials, a program to
understand and control failure modes,
particularly failure by ‘“electromigra-
tion,” is being pursued.

The Metalization group is also respon-
sible for scaling up the new technology

Fig. 3—RCA modified apparatus for the de-
position of aluminum with an RF-bias..

of aluminum evaporation with an RF
bias” and taking it from the Princeton
Laboratories into manufacturing areas.
For this purpose, production prototype
equipment has been designed and built
at the Solid State Division (Fig. 3).

Sputtering techniques are useful not
only for the deposition of almost any
material—insulator, semiconductor, or
metal—but also for the removal of al-
most any material by “sputter etch-
ing”. With appropriate photoresists,
such as RCA #1 mentioned above,
extremely fine patterns having vertical
walls can be defined in silicon dioxide
and other materials such as chromium.
Although the use of sputtering in the
processing of semiconductor devices is
relatively recent, it promises to become
an important new manufacturing tech-
nique.

Metallurgy and bonding

The Metallurgy and Bonding group’s
primary concern is with the metallurgy
employed in fabricating discrete power
transistors. Many of RCA’s power
devices are metalized with nickel
rather than with aluminum. These
nickel-metalized chips are subse-
quently mounted and connected in a
package by solder reflow techniques.
This type of construction is simple and
inexpensive.

New electroless nickel baths have been
devised both at the Princeton Lab-
oratories and in the Metallurgy and
Bonding group.’* These baths give
improved control over the nickel
deposition process and permit satisfac-
tory plating even of polished silicon




Fig. 4—$canning electron microscope used
in the diagnosis of faults in solid-state de-
vices and integrated circuits.

surfaces, thus eliminating a roughening
step required in conventional wafer
processing. With these nickel deposits,
delamination problems are minimized
and bonding ability is improved. The
purity of the baths can be closely con-
trolled because they are formulated
in-house.

In addition, the nature of the failure
occurring during thermal cycling of
soldered-down chips is under investi-
gation. New solder systems offer the
promise of greatly improved thermal
cycling capability compared with the
solders previously employed.

The Metallurgy and Bonding group
also performs failure analysis of vari-
ous types of packages for semicon-
ductor devices, and provides the cross-
sectioning and metallurgical polishing
services necessary for this analysis.
Another service provided in the group
is the plating of a variety of piece parts
by new electroless and electroplating
methods.

The Metallurgy and Bonding group
also possesses expertise on ultrasonic
and thermo-compression bonding tech-
niques. They evaluate bond strengths
and recommend the most appropriate
bonding equipment for a given ap-
plication.

Analytical techniques and device
failure analysis

The newly formed Analytical Techni-
ques and Device Failure Analysis group
brings together a wide variety of phys-
ical and chemical analysis techniques
used to define failure mechanisms,

particularly failure mechanisms re-
lated to processing. A recent major
acquisition is the scanning electron
microscope shown in Fig. 4. With this
instrument, it is possible to examine
samples up to 1 inch across with no
change in the sample chamber. With
slight modification, samples up to 3
inches across can be accommodated.
Besides serving as a high-resolution
microscope, this instrument permits a
determination of the chemical com-
position in a given arca by analysis of
the X-rays emitted during electron
bombardment. Examination of infra-
red radiation emitted by the sample
during bombardment is also possible.
With this flexibility, the instrument
will add significantly to the group’s
ability to diagnose failure mechanisms
in semiconductor devices.

Other analytical techniques available
in this activity include X-ray diffrac-
tion, X-ray fluorescence, X-ray shad-
owgraph, gas chromatography, atomic
absorption, infra-red and ultraviolet
absorption spectroscopy, emissicn spec-
troscopy, wet chemical analysis, and
thermogravimetric analysis. Additional
analytical techniques, including mass
spectrometry of gasses and solids, X-
ray topography, etc. are available
through the courtesy of other RCA di-
visions, particularly the Laboratories
at Princeton and Electronic Compoe-
nents in Harrison.

One of the goals of this group is to
provide water analyses on a regular
basis for divisional locations requiring
the highest purity water. Techniques
for carrying out these analyses have
been devised at the Princeton labora-
tories. With these techniques, the
quality of water purified by various
methods, including ion exchange, fil-
tration through micropore filters, and
reverse osmosis, is being determined.
Recommendations concerning the type
of equipment needed for a given appli-
cation will be available upon comple-
tion of this study.

A future goal of the group is to pro-
vide ultra-pure reagents, particularly
hydrofluoric acid which is widely em-
ployed in silicon device processing.
The group is seeking new purification
techniques for reagents and improved

methods of analyzing incoming mate-
rials.

Device failure studies

The device failure analysis program in-
volves a study of the processes cui-
rently employed in silicon device
manufacture. With the help of chem-
ical analysis techniques such as solids
mass spectrometry, and techniques for
determining crystalline defects, such
as X-ray topography, the “quality” of a
silicon wafer can be monitored at
various stages in its processing. From
these studies, imperfections introduced
by individual processing steps can be
defined, and the process can then be
modified to minimize or climinate
these imperfections. In addition, mech-
anisms for understanding the failure
of silicon devices during life testing
are developed in this group. With the
aid of appropriate models based on
these mechanisms, processes can be
changed to climinate the failure modes.

Summary

A wide variety of materials, processes
and diagnostic techniques related to
the fabrication of solid state devices is
available in the Materials and Pro-
cesses Laboratory of the Solid State
Technology Center. These technologies
are available to all RCA technical per-
sonnel. Requests for information can
be addressed either to the author or to
the appropriate leaders named above.

References

1. Boleky, E. ef. al. “Silicon on Sapphire,”
This issue.

2. Fisher, A. W., and Amick, J. A., ‘“‘Defect
Structure on Silicon Surfaces after Thermal
Oxidation,”’ J. Electrochem. Soc., vol. 113,
p. 1054 (1966).

. Mayer, A.. “Detection of Damage on Silicon
Surfaces: Origin and Propagation of De-
fects.”” RCA Review, vol. 31, p. 414, (1970).

4. Sirtl. E. and Adler A., Z. Metallk.. vol. 52,
p. 529, (1961).

. Fisher, A. W., Amick, J. A., Hyman, H., and
Scott. J. H. Jr., “Diffusion Characte-istics
and Applications.of Doped Silicon Dioxide
Layers Deposited from Silane (SiHs),” RCA
Review, vol. 29, p. 533 (1968).

6. Kern, W. ““Apparatus for Chemical Vapor
Deposition of Oxide and Glass Films,”” RCA
Review, vol. 29, p. 525 (1968).

7. Kern, W. and Heim, R. C., ‘‘Chemical
Vapor Deposition of Silicate Glasses far Use
with Silicon Devices,’” J. Electrochem. Soc.,
vol. 117, pp. 562-568 (1970).

8. Lepselter, M. P., ‘“Beam-Lead Sealed-Junc-
tion Technology,”” Bell Laboratories Record,
vol. 44, p. 298 (1966) .

9. Bdsenberg, ef al., ‘‘Semiconductor Arrays for
Memories,”” This issue.

10. Vossen, J. L., and O’Neill, J. I., Jr., “Evap-
oration of Aluminum with RF-induced Sub-
strate Bias,”” RCA Review, vol. 31, p. 276
(1970).

1. Feldstein, N., ‘““Two Room-Temperature
Electroless Nickel Plating Baths,”” RCA Re-
view, vol. 31, p. 317 (1970).

12. Arnold, A., private communication.

“

[

45



Silicon-on-sapphire, the ultimate MOS

technology

E. J. Boleky |Dr. P. A. Crossley | J. E. Meyer |S. G. Policastro | Dr. W. C. Schneider

To date, MOS arrays have been characterized by relatively slow operating speeds because of harmful parasitic capacitance.
Silicon-on-sapphire technology virtually eliminates parasitic capacitance which seriously degrades the performance of bulk silicon
MOS circuits, and MOS/SOS fransistors with performance comparable to that of bulk silicon. MOS transistors can be fabricated in
a thin single crystal silicon film grown on the insulating sapphire substrate. Fullest advantage of the tow capacitance is realized in
complementary symmetry circuit configurations which give the highest speed with minimum power and circuit complexity.
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HE ADVANTAGES OF THE MOS
TTRANSISTOR as a basic element in
large scale digital arrays have been
extensively described. Chief among
these are processing simplicity, large
packing density, and low power dis-
sipation, all of which enable fabrica-
tion of complex arrays with high
yields and low cost. To date, how-
ever, Mos arrays have been charac-
terized as well by relatively slow
operating speeds due to harmful par-
asitic capacitance. In spite of this, it
can be shown' that on the basis of
transit time considerations, the Mos
device is capable of high frequency
performance previously thought at-
tainable only by the bipolar transistor.
A comparison of the respective transit
time expressions for a representative
n-p-n bipolar transistor and a NMos
transistor, as shown in Fig. 1, indicates
that the NMosT should switch as fast
as the n-p-n bipolar.

Approaching the upper limits of the
bipolar transistor in digital systems
has necessitated the use of high-
power, nonsaturating current-mode
logic. Comparable high speed perfor-
mance at comparable supply voltages
with nanowatts-per-bit of standby
power dissipation can be obtained
from the Mos transistor only by util-
izing a technology which combines
the best features of thin-film and mon-
olithic silicon technologies in the en-
vironment of large scale integration.
The silicon-on-sapphire (sos) ap-
proach comes closest to realizing these
desirable features since Mos/sos de-
vices with effective mobilities compar-
able to those of bulk silicon mos
devices can be fabricated in a thin sin-
gle crystal silicon film grown on the
insulating sapphire substrate.® The use
of the thin-film silicon virtually elimi-
nates the parasitic capacitance which
seriously degrades the performance of
bulk silicon Mos circuits. Fullest ad-
vantage of the low capacitance is
realized in complementary symmetry
circuit configurations which give the
highest speed with minimum power
and circuit complexity.

Complementary symmetry circuits are
most easily assembled by fabricating
the Mos transistors and crossovers in
thin films of single-crystal silicon
grown on an electrically insulating
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Table I—Physical characteristics of heteroepitaxial system components.

Silicon (Si) Sapphire (Al20a3)
Crystal Unit cell face-centered cubic r=4.758
(A) a=5.4301 a=12.991
Density 2.33 3.98
(g/cc)
Hardness 9
(Mohs)
Melting point 2030
°C)
Diclectric constant 11.7 9.4 (L to C-axis)

(500 Hz—-30 MHz)

(100 Hz—100 kHz)

Dissipaticn factor 10-*—10-+
tan &
Refractive index 3.4975 1.7707

(at 1.357 pm)

Thermal cenductivity
cal/cm-sec*°C
at 25 °C
Thermal expansion coefficient
1/ °C(25~800°C)

3.59%10-%

(at .5461 pm)
0.065 (60° to C-axis)

8.4x10-% (60° to C-axis)

substrate, such as sapphire. All unused
silicon is removed from the substrate,
leaving perfectly isolated islands of
silicon for transistors and crossunders,
as shown in Fig. 2. Note that the sili-
con is one um thick, allowing the
source and drain regions of the tran-
sistors to be through-diffused to the
sapphire. This reduces the capacitance
of the source and drain regions by a
factor of 20 over bulk silicon devices.
Since the devices are isolated by the
sapphire, no thick oxides are needed
for isolation. All metalization and
crossunders sit directly on the sap-
phire, eliminating all wiring capaci-
tance and diffused crossunder
capacitance found in bulk silicon Mos
circuits. It is therefore clear that one
of the most obvious advantages of sil-
icon-on-sapphire (sos) Mos technol-
ogy is the tremendous reduction in
parasitic capacitance.

There are also several less-obvious ad-
vantages of sos. Normally each iso-
lated channel region of the mos tran-
sistors in the arrays is left floating i.e.
no electrical contact is made to it. The
floating results in two benefits: first,
the source-bias effect on the threshold
voltages is eliminated because the
channel always floats at 0.7 V above
the source voltage and second, all
parasitic bipolar transistor action is
eliminated because the base (channel)
region is floating. Finally, sos tech-
nology allows greater flexibility in re-
ducing the carrier concentration in the
channel silicon because the field inver-
sion problem has been eliminated.

Fabrication

Great difficulty has been experienced
and reported by workers® attempting

to build high-quality active silicon de-
vices on sapphire substrates by the
straightforward application of stan-
dard bulk silicon technology to hetero-
epitaxial films. These difficulties can
be traced, in general, to two problems.

The first is the contamination from the
substrate, epitaxial system, or han-
dling procedures, and the second is the
disorder in the epitaxial layer caused
by the growth interface. Silicon pro-
cessing must be adjusted to account
for these deviations in properties if
devices and circuits are to be fabri-
cated in heteroepitaxial material.

Table T is a comparison of some of the
physical characteristics of the com-
ponents of the heteroepitaxial system
that must be taken into account if high
quality silicon-on-sapphire devices are
to be built. From these data, it is evi-
dent that some physical stress and dis-
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Tuos® 0.26ns TaipoLar" 0-27ns

Fig. 1—Comparison of typical MMOST and
n-p-n bipolar transit times.
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Fig. 2—Typical SOS transistor and cross-
over.
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order due to the mismatch of these
characteristics is inevitable.

Comparison of what is known to oc-
cur in bulk silicon and what is ob-
served in silicon-on-sapphire yields
some insight into the processing con-
siderations. The change of diffusion
coefficient in bulk silicon is a function
of surface concentration and disloca-
tion density. The distribution of dis-
order sites in silicon-on-sapphire has
been shown to be highest at the sili-
con sapphire interface and decreases

as the thickness of the film increases.’
Due to this distribution, there is a
change in diffusion coefficient causing
impurities to move faster as they pene-
trate the film. In addition, sos has no
bulk silicon substrate to dilute the
fast diffusing contaminants sincc the
substrate can contribute to the con-
tamination (Al, O., etc.), much
greater care must be taken in han-
dling and substrate preparation. This
consideration is especially important
because contaminants have an affinity
for disorder sites.

From the previous discussion it is ap-
parent that bulk silicon technology is
not directly applicable to the fabrica-
tion of high quality complementary
Mos devices on sapphire substrates.
Oxidation must be eliminated where
possible, and the time that the wafer
is exposed to high temperatures must
be minimized’.

CMOS/MOS transistors

To fabricate a cMos/sos transistor
pair, a process has been developed
which utilizes two heteroepitaxial
growth steps to provide opposite con-
ductivity-type sos for enhancement-
typc cMos transistors. The PMOST is a
p-n-p* structure and the NMosT an
n'-p-n* structure as in bulk silicon
cmos  technology. The process se-
quence and finished device structures
are shown in Fig. 3, 4 and 5. In this
two-stage epitaxial cMos/sos process,
the p-type silicon is doped at a level of
N,=2-4X10" ¢cm™ and the n-type sili-
con is doped at a level of N,=2-6X 10"
cm™. Both films are nominally one um
thick. The first two steps (Fig. 3) in-
volve the epitaxial deposition of an
n-type starting substrate material and
its definition into islands for the PMos
transistors. This is then followed by a
second epitaxial deposition of p-type
material and its subsequent definition
into islands for the NMos transistors.
As shown in Fig. 4b and 4c, the chan-
nel regions of the NMosT and PMosT
are defined by etching gaps in the
boron and phosphorus doped-oxide
diffusion sources in two separate steps.
All diffusants are driven in simultane-
ously by a single high-temperature
step. The resulting cross section is
shown in Fig. 4d. The process is con-
tinued by removing all oxides and
growing a uniform clean channel
oxide. Finally, contact holes are de-

fined in the oxide, and aluminum is
deposited and defined for gates and
interconnections. The structure is then
as shown in Fig. 5. This process re-
quires six masks.

Typical aluminum-gate cM0s/sos tran-
sistor characteristics are shown in Fig.
6, for the device and material param-
eters listed. The current-voltage char-
acteristics are virtually identical to
those of similar bulk silicon Mos
transistors.

These structures are metalized with #
evaporated aluminum which can pose
some problems in continuity due to the
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Fig. 6—Typical characteristics of CMOS/
SOS transistors.
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relatively large silicon steps the metal
is required to pass over (=one um).
Moreover, the silicon removal step
can create a reverse tapered edge. Fig.
7 is a photomicrograph which clearly
shows this problem. By carefully con-
trolling the temperature and ingredi-
ents of the etch this problem can be
minimized as shown in Fig. 8.

Testing

The initial evaluation of the silicon-
on-sapphire technology for integrated
circuits was done using the RCA CD-
4007 (TA5388) cos/mos Dual Com-
plementary Pair Plus Inverter transis-
tor configuration. This circuit
comprises three n-channel and three
p-channel enhancement-type Mos tran-
sistors on a single sapphire chip. Al-
though these transistors are relatively
large (Wy=7.5 mils, W,=20 mils)
compared to the transistors designed
into the more complicated sos circuits
for memory applications, the CD4007
circuit has provided a base for rapid
evaluation of sos processing changes.
The Dc electrical characteristics of the
individual devices can be conveniently

224 mos devices
10-ns write time at 10 V
14-lead flatpack package

50 -Stage dynamic shift register’
72 mils X 105 mils
420 mos devices
90 MHz speed at 20 V
Total power (at 50 MHz and 10 V)
=7mW
fuin=200 kHz

Dual 8-stage correlator
92 mils X 124 mils
384 Mos devices
50 MHz speed at 10 V
28-lead flatpack

A photo-micrograph of the 50-bit shift

register is shown in Fig. 11,

Present efforts on sos technology are
aimed at establishing a pilot line op-
eration such that complex arrays can
be fabricated in volume for yield evalu-
ation. Vehicles for this evaluation will
include a 256-bit cMos/sos static ran-
dom access memory. This array will
be TTL compatible at all inputs and
will have performance comparable to
presently available bipolar arrays at a
fraction of the power dissipation. Fu-
ture Mos/sos integrated circuits will
include self-aligned silicon-gate tech-
nology and shorter channel spacings
making sub-nanosecond delays and

Fig. 9—Histogram of NMOS/SOS transisto
277 chips) was 1.949 V.

100,00 LT T T P P L P T

r threshold voltage.
The average threshold voltage for the 831 devices tested (on

LIRS PPV OTRLAPvoV)

[ OO PN JRTOC TOONE TVOL DI
" T . .8

measured using the in-house RCA
Spectra 70 integrated-circuit tester.

*3.3000¢ 01

extremely small power-delay products ... ot

possible’. The extremely high perfor- Fig. 10—Histogram of PMOS/SOS transistor threshold volt-
age. The average threshold voitage for the 831 devices tested
mance, low power nature of $0s tech-

Histograms were plotted and averages (on 277 chips) is —2.449 V. The histogram does not indicate

were calculated for the results of the
oxide stress tests, leakage currents,
threshold voltages, and transconduct-
ance (gm) measurements. Figs. 9 and
10 show normalized threshold volt-
ages for NMos and pMos devices, re-
spectively, on a CD4007 cos/mMos/s0s
wafer. CD4007 sos chips mounted in
14-lead dual-in-line ceramic-and-metal
packages are presently on lifetest at
RCA, Somerville.

Past, present, and future
applications

High performance has been realized
and demonstrated on complex circuit
vehicles containing hundreds of com-
plementary mMos transistors fabricated
in silicon-on-sapphire films only one
pum thick.

Following is a list of cMos/sos arrays
and their important features that have
been successfully fabricated to date:

256-Bit SOS diode ROM
18-ns access time in 4096 bit ECL
system
16-Bit CAM
Memory)*®
77 mils X 53 mils

(Content Addressable

nology make it possible to trade-off the sign of the threshoid voltage.

some performance to provide lower
voltage TTL-compatible Mos arrays.
This would eliminate the need for
special (expensive) high voltage TTL-
Mos level shifters and thus minimize
overall system cost.
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Beam-lead COS/IMOS
integrated circuits

L. A. Murray | B. W. Richards

Complementary symmetry MOS (COS/MOS) circuits have been beam-lead inter-
connected and hermetically sealed using a process analogous to that of the bipolar
beam-lead circuits. Outstanding differences between these techniques lie in the
method used to deposit the hermetic layer, the silicide (Pd:Si) employed as a low
resistance contact to the source and drain regions, the metal (Pd) between the
titanium and gold layers, and the metal deposition method used (evaporation). This
paper discusses the advantages of these variants and the characteristics of the
devices produced by this beam-lead process. In addition, this paper summarizes =
palladium silicide contact resistance study and discusses the relationship between
composite gate dielectric and device threshold and stability.

placement of all the circuits on a few
very large chips, another is by use of a
large number of smaller integrated cir-
cuits, beam-lead bonded onto a single
ceramic substrate. While the first ap-
proach seems the more reasonable, it
has the shortcoming in that the yield of
useful circuits drops drastically as the
chip areas increase, so that, beyond a
certain chip size, Ls1 becomes eco-

ERHAPS the most publicized ad-
Pvance in the semiconductor indus-
try is the development of large-scale
integrated (Ls1) circuits. Such circuits
bring the semiconductor manufacturer
directly into the fabrication of sub-
systems and a few steps away from
complete system construction. There
are two ways of reaching the goals of
the large-scale integration: one is by

Lawrence A. Murray, Ldr., Solid State Technology Center, Solid State Division, Somerviile, N.J., received
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integrated circuit, a counter-decoder. He is a charter member of the Technology Center at Somerville, and
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nomically infeasible. The maximum
length and width of an economically
producible chip increases each year
and is presently in the 0.15 to 0.20
inch range. Even with use of densely
packed mos devices, these sizes cannot
accommodate the required number of
circuits. For this reason, smaller beam-
lead chips represent the more practical
processing alternative. Because semi-
conductor complexity and system de-
mands continually increase, it is likely
that the beam-lead approach will be
more practical, even as the chip area
increases manifold.

Background

Because Mos devices can be made
much smaller than bipolars and hence
many more devices can be put in a
given area, Mos technology is receiv-
ing the full thrust of Ls1. Of the vari-
ous Mos technologies, the complemen-
tary (cos/mMos) variation possesses a
number of unique advantages—such
as low power drain, flexibility, and
high noise immunity—which cause it
to be eminently suitable for beam lead-
ing for Lst use.

The electronic system chosen as a
demonstration vehicle for beam-lead
cos/Mos is an 8192-byte memory
plane. Such a unit will contain beam-
lead memory chips and beam-lead
logic chips. The former is a decoded
256-bit chip and the latter include an
octal two input NAND gate (TA6082),
quad-three input nor gate (RCA CD-
4000), and the dual-D flip flop (RCA
CD4013). However, to apply beam
leads to these chips, new processes
must be developed because the exist-
ing beam-lead processes are not com-
patible with Mos devices. The present
technology fails in two cases:

1) In beam-lead bipolar integrated cir-
cuits,’ the wafer is sealed with silicon
nitride following the final diffusion and
the nitride is opened up to expose the
contact areas. Because the purpose of
the nitride is to hermetically seal the
chip from the influence of the ambient
and not to take part in the electronic
operation of the device, little care needs
to be taken to ensure that the deposi-
tion be clean or reproducible. For bi-
polars then, the usual quartz-tube
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Table |—Insulator properties.

Silicon

Aluminum Silicon

Nitride Oxide Dioxide
Property SisNa Al:Os SiO:
Dielectric constant 6.9 9.4 3.8
Refractive index 2.05 1.74 1.46
Deposition rate 150A/min 100A/min —
Etch rate (in 180°C phosphoric acid) ~100A/min 100A /min negligible
Deposition temperature 1050°C 9500 —
Typical thickness of seal 350A 450A —
Breakdown field strength 6x108V/cm 107volt/cm 8x108volt/cm

furnace may be employed. In mMos and
cos/Mos devices, however, the silicon
nitride layer is deposited over the chan-
nel oxide so that it becomes an integral
part of the gate dielectric and strongly
influences the electrical characteristics
of the device. Any fixed or mobile
charge in the nitride’ thus leads to
threshold voltage variation and insta-
bilities.

2) Bipolar devices employ platinum for
making a low-resistance contact to sili-
con and for the intermediate or block-
ing layer in the titanium-platinum-gold
multi-layer metallization scheme. Be-
cause platinum must be heated consid-
erably above 2000°C before appreciable
evaporation occurs, standard methods
are unsuitable and sputtering is substi-
tuted for filament evaporation. The
sputtering process may not be used in
Mos manufacture because high-energy
electrons, X-radiation, and sputtered
atoms introduce charges into the gate
oxides causing the threshold to shift to
more negative voltages. These charges
cannot be totally removed in annealing.
In cos/Mos, this results in the p-chan-
nel mMos devices becoming heavily en-
hanced and in the n-channel Mos
devices becoming depleted.

To circumvent these difficulties, the
methods used to deposit the hermetic
seal and the metal have been changed.
Instead of using a quartz-tube globar-
type furnace to deposit the seal, an rF
system is used. Because the walls of
the RF deposition apparatus are cold,
impurities do not diffuse through them
from the external ambients, and any
contaminants on them are not easily
introduced into the deposition cham-
ber ambient. In addition, the appara-
tus can be easily and routinely cleaned.

The problem of high evaporation tem-
perature is resolved by substituting
palladium for the platinum metal. For
the most part, these two metals be-
have in an identical manner with
silicon both chemically and electri-
cally, but palladium can be easily
evaporated from tungsten filaments in
the neighborhood of 1600°C.

Deposition of the hermetic seal

A sandwich or composite dielectric
seal is used in beam leads in place of

a simple silicon dioxide gate. The pur-
pose of the upper layer is to act as a
hermetic seal to prevent sodium from
diffusing through the silicon dioxide
interface and to prevent the diffusion
of water vapor and other ambients
through to the semiconductor surface.
The use of a single layer of some di-
electric in place of silicon dioxide is
precluded at this time because all suit-
able dielectrics in the technology inter-
act with the silicon surface to form
interface states. These states cause
such phenomena as tunnelling, thresh-
old shifts, and instability, which work
to the detriment of Mos devices. The
dual objectives of providing a gate with
good electrical characteristics and her-
meticity is best achieved by growing a
clean silicon dioxide layer and capping
it with a hermetic layer, thus forming
a sandwich type of gate.

Two different insulators have been
successfully used as seals for cos/mMos
devices: silicon nitride and aluminum
oxide. Both are put down in RF-heated
systems and both are reproducibly
clean. Before deposition of either of
these seals, a clean channel oxide is
thermally grown to a thickness of
800A. The thickness of the hermetic
seal layer is so chosen as to produce a
composite channel having an effective
thickness of 1000A. Table I lists some
insulator properties which affect mMos
performance.

Silicon nitride

Silicon nitride’ is an effective barrier
to diffusion of sodium, which is a
prime cause of failure of Mos gates. A
layer as thin as 200A suffices to seal
the device. Unfortunately, the silicon
nitride can be easily contaminated dur-
ing growth and give rise to instabili-
ties.

These problems surface most strongly
for films grown in furnaces because
of contaminants on, and diffusants
through, the hot furnace walls. For
this reason, an easily demountable and
cleanable cold-wall rF deposition sys-

HERMETIC SEAL

< STEP OXIDE
4504 Aly05)
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35014 SizNy|
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Fig. 1—Structure of a typical gate dielectric
sandwich.

tem was constructed to put down the
silicon nitride. By careful cleaning of
the gas lines, use of clean gases, and
routine preventive maintenance, re-
producibly clean nitride films have
been regularly obtained.

To deposit such a film, device wafers
are placed on a silicon-carbide-coated
carbon susceptor and heated up to
1050°C in a forming gas atmosphere,
and silane and ammonia are intro-
duced into the chamber. These gases
react to form silicon nitride as fol-
lows:®

3SiH, + 4NH, — Si,N, + 12H,

The silicon nitride deposits onto the
wafer at the rate of 100 to 200A /min.
Residence time at the 1050°C tempera-
ture is kept to a minimum to prevent
excessive lateral diffusion and exces-
sive diffusion of the source and drains
which would lead to narrow channel
lengths and premature breakdowns.
After deposition, a thin layer of silicon
dioxide is deposited over the wafer to
use as a mask to etch contact holes
through the silicon nitride. Holes are
cut into the SiO, mask, and the wafer
is placed in a phosphoric acid-water
mixture which boils at 180°C and at-
tacks the nitride at the rate of 1004/
min. A buffered hydrofluoric acid
etch completes the contact opening se-
quence by both etching through the
rest of the silicon dioxide mask. The
geometry resulting from such a pro-
cedure is shown in Fig. 1.

A positive charge occasionally is found
at the interface between the thermal
oxide and the silicon nitride. This
charge is denoted as Q;;. Because the
charge is positive, it tends to shift the
p-channel Mos thresholds towards
more enhancement and the n-channel
Mos thresholds towards more deple-
tion values than would be calculated
for a single silicon dioxide gate di-
electric.

The use of a double-layer dielectric
has some secondary advantages which
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Fig. 2—Stability of the hermetic seals under capacitance-voltage-bias
temperature as a function of sandwich thickness for Al metal.

include: the Si,N, layer prevents con-
tamination of the devices during met-
allization so that rigid controls on this
process can be relaxed, and the Si,N,
layers are redundant so that pinhole
protection is excellent. For these rea-
sons, very thin gate dielectrics can be
used without excessive danger of fail-
ure due to pinholes. This feature is
enhanced by the larger dielectric con-
stant of the nitride which permits the
use of a comparatively thick nitride
layer. These considerations will apply
as well to the alumina-silica seal.

Aluminum oxide

Alternatively, ALO,' can be used in
place of Si;N,. This layer is also put
down in an RF system but at a compar-
atively low temperature of 925°C so
that lateral diffusion is negligible even
in protracted runs. The alumina is de-
posited through a two-step reaction of
hydrogen, carbon dioxide, and alumi-
num chloride, as follows:

H.+CO,—~ H,0+CO
3H.O+2AICI,— Al,O,+6HCL

The first reaction takes place at ele-
vated temperatures so that the water
vapor forms only in the region of the
heated silicon-carbide-coated carbon
susceptors. The reaction between
aluminum chloride and water vapor
is rapid and the alumina forms on the
wafer as soon as the water molecule
forms. Aluminum chloride is a solid
at room temperature, and its introduc-
tion into the deposition chamber is by
sublimation; the process needs to be

800 600 400 20(%
THICKNESS OF Si0p —A

controlled by continually flushing the
chamber with hydrogen to avoid any
atmospheric leak that could result in
immediate conversion of the chloride
to the oxide. The sublimator is heated
to a temperature at which the vapor
pressure of the chloride is appreciable
(between 105 and 115°C). Palladium-
diffused hydrogen is used as a carrier
gas to transport the sublimed material
to the deposition chamber. The tube
through which the AICI, flows must
be kept heated to prevent the gas from
plating out as a solid and eventually
plugging the system. Gas flow rates are
set up so as to deposit the aluminum
oxide at the rate of 100A /min.

The contacts through the alumina-
silica sandwich layer are defined with
exactly the same procedure used in
defining the nitride-silica sandwich.
The major difference between these
types of sandwiches is that the Q,; (or
¢.:) found for the alumina silica sand-
which is negative and reproducible.
[Some data have indicated that the
shifts in threshold and flatband in
ALO;:SiO, are in part or in whole
caused by a potential difference at the
interface rather than a charge; for a
fuller discussion see Ref. 5.] In prac-
tice, the flatband characteristics of
capacitors made from alumina-silica
sandwich layers are so reproducible as
to lead to speculation that the Q. is
inherent to the system and not merely
a contaminant as was found to be ori-
gin of similar changes in SiO, and
Si,N,"". The magnitude of this charge
is approximately 1.3X10" cm™ and is

Table Il—Complementary MOS thresholds for various gate dielectric structures.

Thickness n-threshold (Vrx) p-threshold (Vre)
Gate dielectric (A) (volt) (volt) Remarks
SiO: 1000 2.1 -1.8 TiPdAu Metal
SiaN4:SiO: 350/800 1.9 —-2.4 TiPdAu Metal
Al203:Si0O- 450/800 +2.5 -1.5 TiPdAu Metal
SiaN, 1000 (depletion) -6.0 Al Metal
AlO; 1000 +5.0 (depletion) Al Metal

BOO 600 400
THICKNESS OF Si0, —A

S Y S B

200 800 600 400 200
°

THICKNESS OF Si0; —A

Fig. 3—Stability of hermetic seals under capaci-
tance-voltage-bias temperature as a function of
sandwich thickness for TiPd metal.

negative. This condition causes the
flatbands of the Al metal oxide capaci-
tors to fall routinely in the —0.1 to
+0.1V range; the p thresholds to move
towards depletion; and the n thresh-
olds toward more enhancement. The
flat-bands of capacitors using titanium
palladium metal are about 0.25 volt
more positive, indicating that beam-
lead metallization work function is
more positive by this amount. Typical
thresholds for devices produced by
alumina-silicon nitride and thermally
grown silica are given in Table II.
Representative threshold values for
single-layer alumina and silicon ni-
tride are also included.

These data show that alumina-silica
shift the thresholds and the devices to
more positive values and the nitride
silica to more negative values. In ad-
dition, pure alumina shifts so far pos-
itive and the pure silicon nitride so
far negative that fabrication of en-
hancement p- and n-mMos cos/mMos de-
vices is impossible with present stan-
dard processing. However, these shifts
are not endemic to all alumina and
nitride layers, so that in the future it
is possible that more useful insulators
may be deposited. The ability to shift
or “dial in” thresholds by suitable
dielectric selection should prove very
useful in designing future Mos genera-
tions.

Data in Table II were specifically de-
veloped from the noted dielectric
thicknesses and ratios. When the her-
metic seal thickness is increased or
the interface is brought nearer to the
silicon substrate, different sets of
thresholds occur.’

A set of experimental test matrices was
investigated to determine the relation-
ship between oxide thickness and
threshold stability. Both ALO, and
Si.N, were investigated. The relative
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metal.

thicknesses of the dielectrics making
up the sandwich were so selected as to
make composite layers having an ef-
fective thickness equal to 1000A for
SiO.. The results of these studies indi-
cate that gates with thick SiO. under-
layers are stable for both Si;N, and
Al,O, whether the metal system used is
aluminum or titanium palladium, as
can be seen by Figs. 2 and 3. On the
other hand, the alumina sandwiches
having thin SiO. underlayers are un-
stable while the comparable nitride
layers are stable.

A further investigation of these layers
involved prolonged testing at 300°C
under —10-volt bias as shown in Figs.
4 and 5 which indicate the alumina
tends to shift threshold at short testing
times but the shift saturates early.
Noticeable nitride shifts occur only
after long testing times, but the volt-
age shift saturates at much higher
values. It will be shown later that
125°C life test data indicate that these
high temperature instabilities are not
reflected by any change in device
characteristics.

Beam-lead metallization

Because of the refractory nature of
platinum, palladium is used as a sub-
stitute in manufacturing beam-lead
cos/Mos devices. The palladium is
employed twice. It is first evaporated
to form palladium silicide contacts to
the silicon, and then evaporated on
top of the titanium layer. In both
cases, the differences between the plat-
inum and palladium layers is minimal
save for the technique used for deposi-
tion.

Palladium silicide contacts

The palladium film is evaporated by
the procedure discussed later in the
section on Titanium-Palladium-Gold
Metallization. To make low-resistance

of flatband voltage with time at 300°C and —10-V bias using aluminum gate

contacts to silicon, the evaporated pal-
ladium must be sintered to form a
palladium silicide. The silicide that
forms in the usable sintering tempera-
ture range is Pd.Si. On extended heat-
ing, the palladium diffuses out of the
silicide and further into the silicon,
causing the contact resistance to in-
crease. Thus, at each temperature, a
broad resistance minimum is found
for some sintering time where the re-
sistance value at each minimum is
approximately the same for every tem-
perature. The relationships between
sintering time and temperature are
given in Figs. 6 and 7. In practice, any
sintering temperature between 400 and
600°C may be chosen. Contact resis-
tances were measured on -1-by-1, 0.5-
by-0.5, and 0.3-mil openings and trans-
lated into units of ohm-cm®.

The palladium silicide contact is not
as resistant to chemical attack by
etches as the platinum silicide con-
tact. In fact, prolonged immersion in
standard cleaning solutions tends to
remove palladium silicide. This pro-
cedure causes the contact resistance to
increase. However, a 1000A layer of
palladium is not affected as seriously
by the cleaning solutions. This value
(1000A) is held as an upper limit to
prevent the palladium silicide layer
from penetrating the thin diffused
source and drains.

To circumvent this attack of palla-
dium silicide, the device wafers are
etched after sintering mainly with
water and hydrofluoric acid. These
steps followed by a short SC1 etch
(10s) with the SC2 etch being specifi-
cally excluded.

Titanium-palladium-gold metallization

A great advantage of the beam-lead
system is that gold metallization is
employed, so that highly reliable gold-
to-gold bonds can be used in packag-
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$i0p , THERMAL (800 A)
THICK OXIDE i

n SUBSTRATE

a)—Channel oxide grown and Al,O; or Si)N,
deposited.

5i0p MASK

USERTS aoo0id
Siog | DEPOSITED)
THICK OXIDE 1 L
\ WA 7
P WELL

n SUBSTRATE

b)—Si0,-etch mask deposited, photolitho-
graphically defined, and etched in contact
area.

THICK OXIDE
% =

\ n+ / n+

p WELL

n SUBSTRATE

c)—Contact area etched through channe!
oxide.

Pd
THICK OXIDE b

\ n‘/\n:

P WELL

n suasrnﬂi_wJ

d)—Palladium deposited.

THICK OXIDE kﬁ

1
T\ PdSI ]

\ \ PdSi [+ v

n SUBSTRATE

e)—Palladium sintered into contact area and
removed from oxide.

Fig. 8—Sequence used to deposit and define
the hermetic seal and to form Pd,Si for
ohmic contact to the silicon.

ing. Because gold in direct contact
with silicon or titanium degrades de-
vice performance, it must be separated
from these materials by a barrier
metal, a function served by both
platinum and palladium. Because nei-
ther platinum nor palladium adhere
strongly to oxide, an intermediate
layer of titanium performs this func-
tion.

Both titanium and palladium are evap-
orated from tungsten filaments around
which the metals are wound. Evapora-
tion of a 15004 layer of titanium from
the first filament is followed by a
1500A palladium layer evaporation
from the second filament. Intermixing
of the two metals is to be avoided to
prevent the formation of an etch-
resistant titanium-palladium alloy. The
third metal layer, gold, can be evapo-
rated at this point.

Alternatively, the gold can be electro-
plated. In this operation, the metal
pattern is first defined in the palladium
(leaving the titanium to act as a short-
ing path to carry the plating current),
and then the wafer is coated with
photoresist and the metal pattern is
opened up for the plating operation.
The gold plate thickness is kept below
one micrometer to prevent shorts from
developing between the gate and drain
lines. Following this step, the beam
leads are defined in photoresist and
the leads are plated up to a thickness
of 10 micrometers.

Extensive testing of this metallization
system has indicated that the only dif-
ference between the titanium palla-
dium gold, and titanium platinum gold
is that the resistance of the intercon-
nect metal lines in the former increase
with heating at temperatures in excess
of 300°C.

COS/MOS beam-lead process

Beam-lead bonding of cos/mos inte-
grated circuits has been accomplished
through the introduction of a number
of additional photoresist and process-
ing steps. However, the processing is
identical for both the standard and the
beam-lead cos/mos through the field-
oxide step.

The masks required are listed in Table
IIT along with a list of the masks used
for standard processes. One beam-lead
mask is eliminated (No. 7) if a three

step Ti-Pd-Au evaporation is used. The
sequence of steps used for beam-lead
cos/mos is illustrated in Figs. 8 and
9. Note that, contrary to bipolar pro-
cessing, a grid-protect mask is not re-

quired in MoS.
PALLADIUM
(1500 z) TITANILLM
{1000 A) §§
THICK OXIDE
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n SUBSTRATE

a)—Titanium and second pallidum layer
deposited.

n SUBSTRATE

b)—Palladium layer defined into intercon-
nection pattern.

PP

S SIS S S
Py D

&
N\ &
‘}“-»)\\\\\"r:"-—."‘\\\\\'“'})"’
P77
|

DI
T

n SUBSTRATE

c)—First layer of gold electroplated.

GOLD BEAM HERMETIC
LAYER

G

L
<Y
ZZ

N
\WSARN o NS

N Nt 17 AN AN AN
—2)111//2 22227

e —— ]

n SUBSTRATE

j T—-— 10,000 A

H7
10,0004
il

SCALE
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Fig. 9—Sequence used to deposit and define
beam-lead metal for interconnection and
beam-lead patterns.



Table Ill—Masks required for standard and
beam-lead COS/MOS integrated circuits.

Standard process Beam lead process

1. Well diffusion 1. Well diffusion

2. p+ transistor and 2. p+ transistor and
guard-band guard-band
diffusion diffusion

3. n+ transistor and 3. n+ transistor and
guard-band guard-band
diffusion diffusion

4. Field-oxide 4. Field-oxide
diffusion definition

5. Contact definition 5. Contact definition

6. Metal pattern (Al 6. Metal pattern
Definition) (Pd definition)

7. Protective oxide 7. Reverse metal

pattern (Au plate)
. Beam-lead pattern
and protective
oxide
. Separation

[}

Nl

Fig. 10 is a photograph of the RCA
CD4007, commonly called the sam-
pler, which was the first beam-lead
cos/mos device. Each of the six p- or
n-Mos devices can be individually ad-
dressed and monitored, thus this pat-
tern makes an ideal test vehicle. The
data developed in the article were
measured on this test vehicle. Fig. 11
is a photograph of the RCA Dev. No.
TA6082, an actual two-input NAND
gate, and Fig. 12 shows the CD4000,
a dual three-input Nor gate. These
three integrated circuits have been
fabricated using the beam-lead pro-
cesses described. Fig. 13 shows a mi-
crobridged substrate to which various
beam-lead chips have been bonded.

Device test results

Extensive parametric and diagnostic
tests have been performed on the
sample beam-lead chips. These tests
indicate that the cos/mMos devices
fabricated with the beam-lead process
have essentially the same electrical and
parametric characteristics as standard
cos/mos product except for threshold
(see Table II). Leakages, transcon-
ductances, voltage breakdown, and
contact resistance for devices pro-
cessed in both ways are comparable,
and average data of these parameters
are the same as for the standard-
processed cos/Mos devices. Although
both the silicon nitride and the alumi-
num oxide can be employed in this
process, some fine tuning of the
cos/mos process is required for either

insulator to achieve matched n and p
thresholds.

Life-tests

The CD4007 was tested with time at
125°C and under =10-volt biases;
measurements were averaged over 30

devices. The test results show that the
electrical characteristics of sealed-
junction beam-lead devices for both
ALQ, and Si;N, are as stable as devices
made with standard processing when
tested to the 125°C specification. These
devices prove superior when tested
more severely at 300°C or when sub-
jected to junction-seal integrity tests
and pressure-cooker tests.

Summary

A sealed-junction beam-lead process
has been developed for cos/mos de-
vices. The process has been applied to
five RCA production circuits and is
being extended to a number of more
complex circuits such as a 256-bit
memory. Computer controlled testing,
yield analysis, parametric analysis, and
life tests indicate the utility of the
beam-lead process. With the imple-
mentation of beam-lead cos/mos, the
door is opened to the manufacture
of multichip integrated-circuit sub-
systems. As an example, 8192-byte
memory boards made up of beam-lead
256-bit memory chips and beam-leaded
octal two-input NAND gates are pres-
ently being fabricated. In addition,
mixed-technology beam-lead systems
such as a frequency synthesizer are
being developed.
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EALED-] UNCTION, BEAM-LEAD INTE-
S GRATED CIRCUITS offer the system
designer a new freedom of package
selection with greater versatility and
cost effectiveness complemented by
increased reliability. The characteris-
tics of beam-lead devices, fabricated
as shown in Fig. 1, that permit this
freedom are:

Leads are bonded to the substrate
metallization by thermocompression of
mating gold surfaces using commer-
cially available equipment to make
multiple connections simultaneously.

The surface passivation layer of silicon
nitride, applied as an integral surface
layer, resists penetration at high tem-

peratures by channel-inducing alkaline-
ion impurities.

Precious metal structures, such as that
shown in Fig. 2, provide interconnec-
tion networks on the device and periph-
erally extended gold beams, as shown
in Fig. 3. The elimination of aluminum
as an ohmic contact and as a bonding
pad has removed the potential for elec-
tromigration, hillock formation, spik-
ing, and other debilitating mechanisms
which accompany high temperatures
and currents.

Principally as a result of the elimina-
tion of corrosion-susceptible alumi-
num, precious-metal beam-lead sealed-
junction chips may be packaged in
non-hermetic enclosures. This libera-

tion from hermetic sealing has opened
vistas for innovative packaging con-
cepts readily adaptable to the most
complex electronic systems.

Packaging

Customers for integrated circuits gen-
erally have requirements in two clas-
sifications: single chips, or multichip
hybrid assemblies.

Single-chip utilization

[t is common practice to insert single-
chip dual in-line packages into printed-
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Fig. 2—Cross-section of beam-lead device
bonded to thin-film metallization.

circuit boards by highly automated,
complex, and volume-oriented han-
dling equipment. Various packaging
methods have been developed to make
beam-lead devices compatible with
that equipment:

Bonding the beam-lead device directly
to an etched or stamped lead-frame.
Conventional molding practice for plas-
tic encapsulation in dual in-line pack-
age format then follows.

Bonding the beam-lead device to a min-
iature etched or electroformed foil as
in Fig. 4; the foil conforms to the de-
vice beams at its inner dimensions and
acts as a space transformer to match
the device to the coarser dimensions
of a standard lead frame. This minia-
ture spider-like foil may be self-sup-
porting or, in special cases, may be
affixed to a plastic film such as polyi-
mide to support the foil during
assembly.

Bonding the chip to a ceramic substrate
with appropriate metallization and a
brazed lead frame. as in Fig. 5. Mechan-
ical protection is provided by a lid—
there being no need for hermeticity.
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Fig. 5—Beam-lead chip bonded to substrate
with brazed lead-frame.

Fig. 3—Beam-lead device with gold con-
necting beams.

The ceramic can be conventionally
pressed and fired, or it can be fabri-
cated by laminations of tape ceramic
layers with intervening printed refrac-
tory metallization networks. This type
of ceramic assembly is identical with
the plastic package and is rcadily han-
dled by the same assembly facility as
that for plastic 1c packages.

Hybrid array assembly

A logical extension of the single-chip
package is to incorporate beam-lead
chips in hybrid arrays. Various consid-
erations prevail:

Smuall-scale arrays — The dual-in-line
configurations lend themselves to use of
several beam-lead chips bonded to a
ceramic substrate with a lead frame.
Mechanical protection is provided by
a non-hermetic cap or lid.

Large/medium-scale arrays—The appli-
cation of many chips to a substrate
with intricate metallization may require
a unique approach because the valuc
of the assembled devices can outweigh
the intrinsic value of the metallized
substrate. Additionally, because the re-
quirement for computer- and military-
grade reliability of the finished assem-
bly is a principal concern, large-scale
arrays are usually made by bonding
beam-lead devices directly to the metal-
lized ceramic. As an alternative to di-
rect chip bondings, a variant of the pre-
viously described etched foil is feasible.
The device is thermocompression-
bonded to thc foil, as in Fig. 6, and
encapsulated with a plastic resin to
protect the chip and maintain the regu-
lar configuration of the fragile extended
leads. The leads may be radial, as
shown in Fig. 7, or in-line. This pack-
age can be accommodated in tape or
magazine/carrier format and is readily
soldered to thick-film metallizations by
conventional passage through an infra-
red- or resistance-heated furnace. This
technique also relieves the beam-lead-
chip user of the need to obtain the
fine-line thick-film metallization to mate
with the beams etending from the chip.

[t is apparent, in view of the fore-
going, that device usage may be of
four general types:

Fig. 4—Beam-lead device bonded to foil.

Chips,

Dual in-line plastic packages,
Plastic encapsulated radial arrays,
Multichip hybrid arrays.

This list can be augmented, for custom
requirements, by assemblies with
beam-lead 1c chips bonded simply, or
in multiple arrays, to brazed-lead-
frame dual in-line ceramic substrates.
Brazed-pin plug-in ceramic packages
are also available. The substrate as-
semblies may be provided with lids
for mechanical protection of the chips
and metallization networks.

Systems handling concept

Beam-lead devices are separated from
their wafer by backgrinding and etch-
ing to expose the device beams, while
the wafer is firmly affixed to an infra-
red-transparent disc. Following elec-
trical probing, the chips are bonded to
the substrate metallization, lead-frame,
or radial array. Direction to selected
chips comes from test-computer mem-
ory storage, which maintains precise
characterizations of acceptable chips.
Because it is not feasible to test-probe
an intricate integrated circuit fully
while it is in the interdigitated wafer
array, there is an intermediate test

Fig 6—Beam-lead chip bonded to radial foil.



station during chip transport. The
third step of the transfer-test-store-
bond sequence depends upon the use
of the chip. If electrically categorized
chips are to be stored for on-site bond-
ing, or for shipment to other locations,
they may be deposited in close-toler-
ance arrays by means of precise
stepping-motor-controlled tables for
insertion into the bonding-machine
sequence. They can also be bonded to
the substrate without intermediate
storage following test characterization.

Equipment of considerable sophistica-
tion has been in use for the handling,
testing, and application of conven-
tional chips; extremely high chip-
handling rates have been maintained
in production. Only machine modifica-
tions were needed to adapt this
equipment to handle beam-lead de-
vices in commercial quantities.

Feeding at high rates does require ac-
curate alignment of the substrate with
respect to the heated bonding tool.
The precisely-located chips are picked
up by a heated hollow vacuum tool.
Precision alignment of the carrier per-
mits rapid pickup of the chips, with
minimal operator participation, and
makes feasible the rapid and accurate
alignment of chips with the bonding
pads on the substrate. A feeding mech-
anism capable of high-rate presenta-
tion of accurately aligned heated sub-
strates to the bonding tool is attached
to the mechanism.

Bonding

Bonding of the gold beam to the metal
pad on the substrate is performed at
temperatures near 300°C; tool pres-
sures are adjusted to deform each
beam uniformly. Upon satisfactory
alignment of chip and pad, the tool is

Fig. 7—Plastic-encapsulated radial-foil array.

actuated. The heated tool revolves
around its axis at a slight angle so that
each beam is deformed against each
pad sequentially. This mode of bond-
ing is generally called “wobble-head”
bonding, characterizing the motion of
the bonding tool (Fig. 8).

Alternately, a technique for compliant
bonding is commercially available. As
in Fig. 9, an aluminum or plastic foil
is interposed between the bonding tool
and the beams. The chip is aligned
with a high degree of accuracy over
the foil so that the body of the chip
is over a foil opening, while the foil
itself bears directly against the chip
beams. The heated tool compresses the
foil (with no wobble action of the
tool). The foil deformation around the
beams restrains them from excessive
lateral movement and, because of cer-
tain hydraulic attributes of the foil,
the beam-lead device is strongly
bonded to the pad.

Bonds achieved by each technique are
shown in the comparison photograph,
Fig. 10. Where excess deformation of
extremely close-spaced beams may
cause potential electrical shorting,
compliant bonding is preferred. Other
than for this consideration, there is lit-
tle to distinguish between the two tech-
niques. Both are readily adaptable to
high-rate production bonding with a
minimum of operator control, and
cach may be easily systematized to
accept chips in regular arrays which
have been fully characterized.

Metallization

There are three general types of
metallization that are bonded to a
substrate. These are generally charac-
terized as thick, thin, and refractory
metallizations. They are distinguished
from one another by thickness and
method of application.

Thick films

Application of thick films depends
upon the complexity of the circuit to
be fabricated. In the simplest form, a
ceramic-metallic “ink” is screened
onto a prefired ceramic. High-tempera-
ture firing of this cermet ink provides
adherence to the substrate and also a
surface with metallic characteristics
to which the gold beams can be
bonded. The state of the art in screen-
printing thick-film inks is such that
lines 0.005 in. wide on 0.010-in. cen-
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Fig. 11—Appearance of refractory-metal pat-
tern prior to gold plating.

N
7

ters arc considered routine practice.
To achieve this line definition, how-
ever, the flow qualities of the ink are
extremely critical. The characterisiics
of the ink must be such that the ink
will readily flow through a 325-mesh
screen, when squeeze pressure is ap-
plied, without clogging the screen.
Further, there should be no additional
flow of the ink, after it has been
deposited on the substrate, during the
drying and firing cycles.

To maintain quality of the beam-lead
bonds to the thick-film inks, it is es-
sential that the printed lines have a
uniformly rectangular cross-section to
provide flat surfaces for the beam
bond. Thickness of the fired film may
vary between 0.0005 in. and 0.001 in.,
and minimization of edge-chamferring
is desirable. Guide rules pertaining to
thick-film patterns for bonding may be
summarized as follows:

All thick-film deposits, components,
and other objects must remain com-
pletely clear of the area surrounding
the chip to allow room for the bonding
tool.

Printed conductor leads to all beams
must be on the same plane.

Individual conductor fingers should be
used for each beam lead.

All available beams should be bonded
to a conductor finger whether clec-
trically required or not.

Extensive investigation of the param-
eters of temperature and presure indi-
cate that reliable beam-lead bonding
to a variety of conductive thick-film
compositions can be achieved. The
material has to be carefully selected

Fig. 12—Seventy-two-beam chip bonded to
gold-plated refractory-metal pattern.

for its metallizing characteristics, and
the bonding conditions are specific for
each type of ink.

Under the conditions shown in Table
I, beam-lead bonds with over 99%
beam breaks (less than 1% beam lifts)
have been obtained. These results indi-
cate that the bonding to silver and gold
is less critical than the bonding to such
alloys as Au-Pt, Pd-Au or Pd-Ag.

Solder-coated conductors have also
given good bonding results and are
readily repairable; uniformity and
thickness do not appear to be critical.
The heat required to make such a
bond is localized at the bonding tool
and, therefore, does not disturb other
soldered areas. When circuitry is
assembled having standard add-on
components bonded by solder, the
ability to bond beam-leads onto solder
is a necessity. It offers:

Fewer processing steps (e.g.. solder
stop-offs) ;

Fewer screen-printing artworks;
Relaxed design geometries;

Reduced overall fabrication costs.

Refractory-metal patterns

A modified form of thick-film pattern
application is used for finer conductor
delineation than is possible with con-
ventional frit-based thick-film inks.
This process involves the screening of
a fine micron-sized particle suspension
of molybdenum or molybdenum-man-
ganese powders directly to the ceramic
surface and the subsequent firing in a
reducing atmosphere at about 1600°C.

Table |—Bonding conditions for thick-film conductors.

Substrate holder

Bonding tool Bonding weight

Thick-film conductor temp. (°C) temp. (°C) (g)
Silver-4400 Cermalloy 300-330 225-300 280
Gold-8380 DuPont 300-360 225-300 360-520
Gold-Platinum 8553 DuPont 340 325 520
Palladium-Gold 8227 DuPont 340 325 520
Palladium-Silver 9623 ESL 360 325 520

| |
ki I P TRIRRL :
Fig. 13—Bonded chips with air-isolated

beam crossovers and conductors crossing
under elevated chips.

Application may be to a previously
unfired ceramic structure so that both
metal and ceramic are fired simultane-
ously, or alternatively, to a previously
high-temperature-cured ceramic com-
position. With this technology, it is
possible routinely to attain line-widths
of 0.004 in. and line spacings of 0.002
in. Gold is electroplated over the pat-
tern to allow bonding to the pads
shown in Fig. 11.

This technology has been applied, for
example, to make a plug-in package
for a 0.120x0.120-in. beam-lead chip
with 72 beams. The package is 1.225
in. square, with a maximum package
thickness of 0.125 in. not including
leads. Leads protrude from the bottom
surface of the package. two rows on
each side on a 0.100-in. grid, to facili-
tate attachment to a socket or for di-
rect insertion into circuit boards.

During assembly of the package, using
unfired ceramic tapes, the following
advantages have been observed.

The ceramic cards upon which the
metallization patterns are screened are
pliable, ensuring perfect screen-to-
ceramic contact for high metallization
yields and sharp pattern definition.
The metallizing screens are expanded
approximately 17% to allow for the di-
mensional shrinkage during firing. This
larger size is a definite advantage when
fine pattern detail is required.

The refractory metal pattern has excep-
tionally good electrical conductivity be-
cause of high metal density. The dens-
ity is developed by an ink formulation
which shrinks with the ceramic body
during firing and by sintering the metal
ink particles at a very high temperature.

The 72 Kovar pins are brazed into
blind holes on the bottom ceramic
with silver-copper eutectic BT solder
at 850°C in a reducing atmosphere.
Finally, gold is plated over nickel to
a thickness of approximately 100
win. to provide corrosion resistance
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Fig. 14—500X magnification of air-isolated
beam crossovers.

and beam bondability. Fig. 12 shows

the appearance of the substrate fol-
lowing chip-bonding.

Thin films

The deposition of thin metal film
(1000A to 40,0004 thick) on the cer-
amic substrate is performed by evap-
oration from a filament, by an electron
beam, or by sputtering. [n general, an
adhering layer of approximately
1,500A of titanium is deposited over
the entire surface, followed by an in-
tervening layer of palladium to pro-
vide an integral barrier of approxi-
mately 1500A between the titanium
and the thicker, superimposed gold
layer. The gold may be vapor-plated to
its required thickness, between 30,
000A and 40,0004, or it may be partly
vapor-plated and subsequently electro-
plated to build up to the thickness re-
quired. Delineation of the circuit pat-
tern is performed conventionally by
photolithographic techniques, and ex-
tremely fine patterning is obtained.

Multichip packages of varing com-
plexity can be constructed with thin-
film technology. By employing air-in-
sulated beam crossovers, multilevel
wiring can be used to meet the re-
quirements of many multichip arrays.
Additionally, by taking advantage of
device-elevation during bonding, the
multilevel wiring capability can be
further enhanced. Fig. 13 illustrates
air-isolated beam crossovers and
bonded beam-lead chips.

Inspection of Fig. 2 reveals the struc-
ture of a bonded chip in which a thin-
film conductor approximately 50,000A
thick crosses under the raised chip. A
highly magnified view of the structure
of beam crossovers is shown in Fig. 14.

Quality control

An outstanding feature of beam-lead
chip bonds is that they can be in-

spect visually. The primary concern
for bond-to-pad alignment is readily
satisfied by visual inspection to easily
specified tolerances. The deformation
of the beam, which is the essential in-
dicator of the bond quality, is also
visible for inspection.

Process control of the bonding opera-
tion is provided by destructive testing
of chips and bonds on a periodic basis.
A simple test on the chips is to bend
each beam from a horizontal to a ver-
tical position—through 90° —to indi-
cate beam ductility. Fracture of the
beam or separation of the lead from
the chip is cause for rejection.

An additional measure of beam duc-
tility, and of consequent ability of the
beam to deform and bond to the un-
derlying pad, is offered by a simple
microhardness measurement, either on
a Vickers or Tukon scale. Typical ac-
ceptable values are indicated in Table
[1. Another test for the integrity of the
gold beam is provided in elementary
fashion by simply heating the chip in
air to 300°C. Discoloration of the gold
beams is clear evidence of contamina-
tion of the gold electroplating bath.

Normal process-control procedures
call for the setup of bonding-machine
conditions for inspection purposes to
determine uniformity of beam defor-
mation. A test procedure to ensure

Table |I—Beam-lead microhardness.

Lot No. Sample Hardness on diamond
No. pyramid scale*
A 1 68
(Aver. 67) 82
76

2 67

65

62

62

3 64

54

B 1 52
(Aver. 45) 50
32

C 1 61
(Aver. 51) 55

45
Measurements taken with
136° diamond indenter

*Microhardness extension of Vickers Scale.

satisfactory results entails, first, the
bonding of chips directly over a hole
in the substrate. A test fixture holds
the substrate, and a small-diameter rod
is then inserted into the hole and
brought to bear upon the underside of
the bonded silicon chip. By means of
a dynamometer, the load required to
cause failure is determined. A certain
minimum value of grams/beam for
nominally-12-pm-thick beams indi-
cates acceptability. Unacceptable are
the separation of the anchor pad from
the chip or lifting of the deformed
beam from the metallization. Accept-
able failures at adequate strengths are
the breaking of the beam at the necked
portion, immediately adjacent to the
bond, and the destruction of the sili-
con chip at stresses above the mini-
mum acceptable load.

Repair

Particularly for complex multichip hy-
brid assemblies, a procedure for chip
removal and replacement that does
not affect adversely the reliability of
the assembly is essential. For the types
of metallized substrates, foils, and
frames mentioned previously, the pro-
cedure to be described is well adapted.
When electrical testing of a finished
circuit has disclosed the location of a
defective chip. removal of the offender
is performed simply by scraping it
from the substrate. A wedge-shaped
tool is brought against the chip by a
micromanipulator, and the chip and
the major portions of the beams are
scraped off. Directly after this opera-
tion, replacement of the offending chip
by another fully-tested one is feasible
by conventional bond procedures. In-
spection criteria applicable to new
bonds apply as well to replacement
chips.

Conclusion

The superior electrical and physical
characteristics of beam-lead devices of-
fer the designer more package options
in balancing the trade-offs of reliabil-
ity compactness, hermeticity, and re-
pairability. These considerations are,
in turn, related to economic factors in
circuit assembly where the advantages
of the beam-lead technology make
feasible advances in device complex-
ity, production-line automation, and
product design heretofore impossible
with the outmoded chip-attach and
flying-wire bond techniques.

61



62

Development of
low- and medium-frequency
power transistors

J. Gaylord | J. Olmstead | Dr. A. Blicher

Power transistors are continually improving in quality and power-handling capacity;
it is now possible to design a transistor that will handle close to one kilowatt. Phe-
nomena which are unimportant in the design of small-signal transistors ultimately
limit the performance of such high-power devices, and make trade-offs in certain
important design parameters inevitable. This paper describes some of these trade-offs
in detail, and indicates power-device developments that may be possible in the near

future.
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cesses of small-signal integrated-
circuit technology have diverted the
attention of many engineers from the
advances in the field of semiconductor
power devices. This temporary lack of
glamour should not be construed,
however, as an indication that the
power field has become stagnant and
devoid of technological challenges.
Power technology continues its march
towards higher power outputs, im-
proved efficiencies and frequency re-
sponses, and integration in the form of
hybridized circuit functions or mono-
lithic circuits.

IN THE PAST FEW YEARS, the suc-

Limiting phenomena in power
transistors

Power transistors have many features
in common with small-signal transis-
tors, but what distinguishes power
transistors is their ability to handle
currents up to a few hundred amperes,
voltages up to a few thousand volts,
large power dissipations, and drastic
current and voltage surges.

Several phenomena which are of
minor significance in small-signal bi-
polar transistors become important as
currents and voltages are increased.
and ultimately they limit performance.
These phenomena include: base
widening, emitter debiasing, second
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breakdown, high-voliage surface ef-
fects, and thermal fatigue.

Base widening

Base widening' (Fig. 1) occurs in all
bipolar transistors having a lightly
doped collector region. It is caused by
the mobile carrier flow within the unit,
which modifies the electric field distri-
bution so that the effective positions of
the base-collector junction and the
collector depletion region are different
from their positions when there is no
current flow.

Consider an n*-p-n-n’ transistor with
no current flowing and a fixed base-
collector reverse bias. Under these
conditions, the depletion region pene-
trates the base and the lightly doped
collector body. Equal fixed total donor
and acceptor charges are uncovered on
both sides of the metallurgical junc-
tion. Initiating current flow (mobile
charge) has three effects. First, the
mobile charge carriers in the base are
of the same sign as the uncovered fixed
charge: the depletion region in the
base shrinks and the base widens. Sec-
ond, the mobile carriers in the col-
lector are of the opposite sign and
thus subtract from the fixed charge.
This condition tends to cause the de-
pletion region in the collector to ex-
pand to uncover the requisite charge.
Third, the current flow in the transis-
tor introduces an ohmic voltage drop
in the lightly doped n™ part of the
collector body. Because this voltage
drop subtracts from the applied coi-
lector-to-base potential, less voltage is
available for the depletion region, and
the base becomes wider again.

At high current densities and low
collector voltages, the transistor-base
widens beyond the metallurgical base-
collector junction and approaches the
n* collector region. In this condition,
the current gain and gain-bandwidth
(f+) decrease and the device ap-
proaches the performance of a simple
three-layer (n'-p-n*) transistor. Base
widening with its resultant decreases
in current gain introduces a quasi-
saturation region into the common
emitter static characteristics (Fig. 2).
Operation in this region significantly
increases stored charge, rise. and fall
times (r.. 74 7+). Fig. 3 shows the
influence of base widening’ on the
gain bandwidth f.
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Debiasing

There are two debiasing phenomena
of significance in bipolar power tran-
sistors. The first, resistive debiasing
(Fig. 4), is due to voltage drops along
resistance in emitter and base fingers
and in the base region beneath the
emitter. These voltage drops result in
heavier injection from the edges of the
emitter and in emitter regions closest
to the emitter contact.

Resistive debiasing beneath the emitter
due to voltage drop in the basc re-
sistance can be minimized by making
the emitter fingers narrow, the basc
wide. and the base resistivity beneath

T225°C

COLLECTOR CURRENT —mA

COLLECTOR-TO-EMITTER VOLTAGE —v

Fig. 3—Eftect of base widening on gain-
bandwidth product fr.

Fig. 5—Thermal debiasing.

the emitter as low as possible. Metal-
lizing the emitters so that the contact
is locallized toward the finger center
inserts a lateral emitter voltage drop
which tends to offset the base resis-
tance drop.

Thermal debiasing (Fig. 5), the sec-
ond debiasing phenomenon, is a con-
sequence of unintentional temperature
differences between various locations
of the emitter. Forward current from
the emitter is strongly dependent on
the temperature of the emitter-base
junction as illustrated in Fig. 5. For
example, a temperature of 12°C be-
tween two regions of the emitter-base
junction results in 3.8 times more cur-
rent from the hotter region. Because
unequal injection results in unequal
dissipation. the hot region tends to
become hotter and injects more.

Thermal debiasing can be minimized
in two ways. First, the emitter can be
separated into a number of discrete
emitters and a ballast resistance placed

VOLTAGE — Vgg
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Fig. 6—Isothermal emitter technique.

in series with each discrete emitter.
These resistors insert a voltage drop in
each emitter proportional to the cur-
rent being passed through the emitter,
thus inserting current feedback and
equalizing the currents between emit-
ters. A second method utilizes a low
thermal-resistance coupler between
emitters. The emitters are made iso-
thermal and, therefore inject equally.
This technique is illustrated in Fig. 6.

Second breakdown

A bipolar transistor operated at high
power densities is subject to a failure
mode termed “second breakdown” in
which the emitter-collector voltage
suddenly drops, usually 10 to 25 V.
Unless the power is rapidly removed,
the transistor is destroyed or materially
degraded by overheating. Second
breakdown (S/b) is a thermal hot spot
formation phenomenon within the
transistor pellet. It has two phases of
development. First is the constriction
phase where, because of thermal re-
generation, the current tends to con-
centrate in a small area. The second
phase is the destruction phase. In this
second phase, local temperatures and
temperature gradients increase until
they cause permanent device damage.

The constriction or regeneration phase
of S/b may be initiated in any number
of ways. One section of the emitter-
base junction need only be higher in
temperature than the others. Such a
hot spot might be caused by, resistive
debiasing, divergent heat flow to the
device heat sink, an inhomogeneity in
the thermal path, or other irregularities
or imperfections within the device.
Once a slightly hotter emitter-base re-
gion is present, positive thermal feed-
back begins: the hot region injects
more and therefore gets hotter. If the
available power is limited or the ef-
fective thermal resistance of the hot
spot is sufficiently low, the peak

temperature remains below a critical
temperature and stable operation con-
tinues. When the peak temperature
reaches a value such that local base-
collector leakage currents reach base
current magnitude, the device regener-
ates into second breakdown often very
rapidly.

Second breakdown occurs when the
device operates with a forward biased
emitter-base junction Fig. 7 and during
the application of reverse bias. In the
forward-biased form of second break-
down, the current I, above which the
device switches into S/b is specified as
part of the “safe-operating area” rating
system developed by RCA for power
transistors. Emitter and base resistive
ballasting effectively increase forward-
biased I«n of a device. Emitter bal-
lasting equalizes currents by inserting
in each emitter region a voltage drop
proportional to the current passing
through the junction. Base ballasting
inserts a voltage drop proportional to
base current in the various base re-
gions thus equalizing drive conditions
within the device and maintaining uni-
formity. Thermal coupling between
emitter regions may also be used to
improve the forward biased Is, per-
formance of a transistor. This previ-
ously illustrated design approach tends
to hold all regions of the emitter-base
junction at the same temperature and
same forward bias, thus maintaining
uniform current flow.

Second breakdown is also observed
when a transistor operating with an
inductive load is turned-off, (Fig. 8).
When the emitter-base junction is re-
verse biased, the edges of the emitters
are quickly turned-off by the voltage
drop caused by the reverse flow of the
base current through the base resis-
tance under the emitter. Collector cur-
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rent tends to be rapidly reduced; how-
ever, the inductive load responds to
the decrease in collector current by
driving the collector-emitter voltage to
a value at which breakdown can occur
in the collector-base space charge re-
gion (BV.x). The multiplied current
resulting from the breakdown is fo-
cused towards the emitter centers,
keeping the centers on for a longer
time. When all center sections of the
emitters behave alike, the power is
dissipated uniformly by all emitters. If,
however, a hot spot exists or develops,
the energy stored in the load induct-
ance is dumped intc this region. The
central region of this “hogging” emit-
ter rapidly rises in temperature, reach-
ing a value where the hot spot sustains
itself and second breakdown occurs.
Emitter ballasting is not effective in
protecting against reverse-biased sec-
ond breakdown because the hogging
portion of the emitter is fed internally
from a current source, and this current
source is insensitive to the relatively
small differences in emitter potential.
Ballasting against reverse-biased sec-
ond breakdown is best done in the
collector by the addition of a resistive
layer which decreases the internal col-
lector-emitter voltage in the affected
region. The maximum energy that may
be stored in the load inductance before
second breakdown (Eq,) is specified
for most RCA power transistors in-
tended for switching applications.

High-voltage surface effects

As the voltage ratings of a power
transistor are increased, it becomes
more difficult to achieve theoretical
bulk breakdown values. Furthermore,
both the breakdown voltage and junc-
tion leakage currents may vary under
operating conditions. The problem is
usually due to surface phenomena.

High-voltage transistors require large
depletion widths in the base-collector
junction. This requirement suggests
that at least one side of the junction
must be lightly doped. Fig. 9 shows
what happens in a normal mesa-type



device. The external fringing electrical
fields terminate on the silicon and
modify the depletion regions at the
surface. If these fringing fields are
large and configured as shown, a local
high field condition is established at
the surface and premature breakdown
occurs, High-intensity fringing fields
exist well outside the junction and con-
tribute to the movement of ions exter-
nal or internal to the applied passiva-
tion layers, leading to instabilities.

The state-of-the-art “cures” for these
problems are: junction contouring to
reduce the magnitude and the shape of
the fringing fields; empirical determi-
nation of the proper surface etch and
the optimum organic encapsulant; or
glassing of the junctions to contain the
fringing fields. The latter two solutions
do not usually yield breakdown volt-
ages equal to the bulk values, but they
do lessen the surface instability.

To achieve breakdown voltages ap-
proaching the bulk values it is neces-
sary that the fringing field be properly
shaped, and once properly shaped it
must be kept in this condition. Field
electrodes are being investigated to
accomplish this objective.

Thermal fatigue

A power transistor is often used in ap-
plications where the power in the de-
vice is cycled; the transistor is heated
and cooled many times. Because the
transistor is constructed of materials
that have different thermal expansion
coefficients, stress is placed on the
chip, the metallurgical bond, and the
heat spreader. If the stress is severe
enough and sufficient cycles are en-
countered, the device fails. Usually
the chip separates from the heat
spreader or one of the contact connec-
tions opens. The stress is proportional

METALLURGICAL
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Fig. 9—Electric field distribution in high-
voltage ‘‘mesa’” n-p-n transistor.

EMITTER-BASE JUNCTION

MESA

PLANAR

MESA

BASE-COLLECTOR JUNCTION

PLANAR

Fig. 10—Junction delineation techniques used in power transistors.

to the size of the pellet, the tempera-
ture variation, elasticity of the con-
necting members, and the differences
in thermal expansion coefficients. Any-
thing which concentrates the stress,
such as voids in the mounting system,
aggravates the condition,

The rate of degradation of a metallur-
gical bond under stressed conditions is
also proportional to the average and
peak temperature excursions of the
bond. The failure-rate dependency of
thermal fatigue and other phenomena
can be as much as double for every
10°C increase in average and peak
temperature. The most economical
way to buy reliability in power transis-
tor application is, therefore, to reduce
these temperatures by careful consider-
ation of heat flow during equipment
design.

Several techniques are used to im-
prove thermal-fatigue capability with-
in power transistors. One method is
to mount the chip on a metal such as
molybdenum, whose thermal expan-
sion coefficient is similar to silicon, and
to braze this metal to the package. In
this way stresses are evenly distributed,
as in a graded glass seal. Another
method, applicable on units using the
lead solder mounting technique, uses a
controlled solder process in which the
thickness and composition of the lead
solder are carefully controlled at all
times.

Structures and geometries

Many design variations are used to re-
duce the limitations imposed by base

widening, emitter debiasing, second
breakdown, high voltage surface ef-
fects and thermal fatigue. Each design
is replete with compromises, both
subtle and obvious.

A power transistor may have its base-
collector and emitter-base junctions
delineated by two methods (Fig. 10).
First, selective etching may be used to
create a multi-level “mesa” outline,
where the junctions terminate at the
edge of the mesa. Second, masked im-
purity diffusion may be used to convert
selected areas to “planar” type junc-
tions. A power transistor may be pro-
duced by using one or both of these
techniques for the two junctions. The
choice between the two is described
below.

Planar junctions can be produced with
much finer dimensions than mesa junc-
tions while the surface oxide remains
covered and ostensibly flat. These
characteristics are necessary in high
frequency and multi-element types.
Mesa junctions are dimensionally in-
ferior but produce junctions with
higher breakdown voltages: absense of
the radius effect eliminates local inter-
nal high electric-field regions. For volt-
ages greater than approximately 300V,
the mesa junction is the most economi-
cal fabrication technique. Mesa type
emitter-base junctions also eliminate
edge injection and thus result in better
high-current current gain.

A power transistors doping profile may
consist of three to six layers obtained
by impurity diffusion and/or epitaxial
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Table |—Qualitative relationships between physical and electrical parameters.

Physical Parameter

Electrical Parameter

feer* Td, TR Verowax) Viresar) Var hei: Teovax Tsn Es/n Radiation
TI TS (LV.i ko)) ( peak) (hre=10) Hardness
Base width (Wn) 1 ! 1 1 1 i | 1 1 1 !
Base resistivity (ps) 1 — 1 — ! 1 1 1 | ! !
Collector width (W) 1 ! 1 1 1 1 - | e 1 l
(n- rcgion)
Collector resistivity | 1 1 1 1 1 — | I I 1
(pc) (n- region)
Emitter width (Xk) 1 ! 1 — S 1 — | ! | l
(finger)
Emitter ballast (Re) | 1 ! S 1 i = 1 1 — o
(resistive)
Collector ballast (Re) 1| | 1 o 1 e = | S T —
(resistive)
Notes:

*{¢1) measured at high currents and low voltages (power corner, worst case point).

techniques. The basic threc-layer pro-
file shown in Fig. 11 is preferred be-
cause of its simplicity, but it nccessi-
tates a compromise between voltage
and responsc-time capability. This
compromise is required because the
collector depletion region forms mostly
in the transistor base; consequently the
base must be wide for higher voltage
capability. The addition of a lightly
doped collector layer (Fig. 11b) allows
the collector depletion region to ex-
pand into the collector rather than into
the base, and the base can be kept thin.
In this way the voltage capability is
increased without lowering the device
responsc time if basc widening is not
encountered. The additional layers
shown in Fig. 11c and 11d control base
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Fig. 11—Basic power transistor doping pro-
file (n-p-n used for illustration): (a) n*-p-n* (b)
n'-p-n-n*, () n*-p-n--n-n*, (d) n*-p-p--n--n-n*.

widening, improve voltage breakdown
through control of the fringing field
which surrounds the device, or provide
ballasting against sccond breakdown.

A power transistor may be considered
a composite of many unit transistors in
parallel. The emitter-base gcometry is
designed so that each unit transistor is
operating efficiently and that, in paral-
lel, all unit transistors operate together.,
sharing the load current. Fig. 12 shows
some of the emitter-base geometrics
used. In most cases, the emitter-base
geometry is complex to maximize the
emitter periphery-to-area ratio (E,/E.)
and often consists of a number of sep-
aratc emitters to minimize resistive
and thermal debiasing cfTects.

Power transistors arc assembled and
packaged in many different ways, and
packaging power transistors present
unique engineering challenges. Design-
ers must achieve efficient heat removal.,
frecedom from material fatigue failure
under cycling operation. and high-
current, low-resistance contacts. In
many cases. these considerations dic-
tate the pellet design. overriding other
considerations.

Interrelation of parameters and
design trade-offs

Good engineering is the art of profit-
ably trading off individual parameters
without compromising total system
performance, and power transistor de-
sign makes good use of this art.

Table I shows qualitatively the rela-
tionships between the major physical

device design parameters and the major
clectrical parameters. Table Il shows
how the parameters of second break-
down. voltage, radiation resistance,
and cost relate to the more conven-
tional device electrical parameters. An
examination of these tables indicates
that a large number of compromises
can be made in the design of the cir-
cuit-transistor system to optimize its
cost clfectiveness. Some of the more
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Fig. 12—Basic power transistor emitter geo-
metries: (a) interdigitated, (b) multiple dis-
crete (overlay), and (c) perforated emitter.



Table II—Qualitative relationships between some important parameters.

Specific Conventional Electrical Parameter
Electrical
Parameters
feo* Td, TR VCE(SAT) hFE Tcemax,
Tf, TS (peak) hrE=10 Cost

Is/p 1 ! 1 1 ) 1 1

Es/n 1 l T T l ! 1
Veeax) 1 ! 1 1 e ! 1T
Radiation 1 l 1 l l T
resistance

Notes:

*fet) measured at high currents and low voltages (power corner. worst case point).

Symbols for Tables | and N

fi—current gain-bandwidth

Te—delay time

~r—rise time

Ty—fall time

Ts—storage time

Isyp—forward second breakdown current
hre—DC current gain

Vee—collector to emitter voltage

Veersat —collector to emitter saturation voltage
Ie—collector current

Es/p—reverse second breakdown energy
T Increase

| Decrease

salient physical reasons behind the
inter-relationships are described below.

The time responses of a power transis-
tor are basically related to the transit
time of a free carrier from the emitter
to the collector and to the rate at which
charge can be built up or decayed
within the structure. Obviously, de-
vices having short conduction spaces
minimize the transit time; the base
must be kept thin. Thin, low-resistivity
collector material keeps the space
charge region short and limits base
widening. These factors also limit the
amount of stored charge, thereby re-
ducing switching times, Narrow,
highly interdigitated ballasted emitters
keep current flow and stored charge
more uniform and allow faster charge
removal from the base. All of the
above factors contribute to a low
saturation voltage in the transistor.
A compromise in saturation voltage
(Virian) must be made, however, if
lifetime.reduction techniques, such as
gold doping, are used during manufac-
ture or if lifetime decreases because of
radiation damage. High collector-emit-
ter voltage must be traded against time
response, because such devices depend
on wide, high resistivity collector and
base regions. Furthermore, because
lifetime reduction techniques are not
completely applicable, switching times
are longer.

To achieve high-current capability the
emitter must have a large area, be
highly efficient, and inject uniformly.
An emitter with many thin fingers
meet these conditions and gives a high
emitter periphery-to-area ratio. Emitter
ballasting also helps. But base widen-
ing must be avoided because it limits
the current density within a device for
any reasonable current gain, and thin,
low-resistivity collector material used
to prevent base widening is inconsist-
ent with high collector-emitter volt-
ages.

High current gain necessitates high
emitter efficiency, narrow base widths,
and high minority carrier lifetime.
High emitter efficiency requires a
lighter doped base. Thin, high-resistiv-
ity basc regions aggravate emitter
debiasing effects; narrow, uniformly
injecting emitters are desirable toc max-
imize high-current current gain, Again,
becausc base widening effects must be
avoided, low-voltage devices have the
advantage.

The ability of a transistor to withstand
high transient energy dissipation (sec-
ond breakdown) is enhanced by keep-
ing the base wide and its resistivity
low. This condition conflicts with time
response and current gain objectives.
A design for uniform injection using
narrow emitter fingers and incorporat-
ing ballasted emitter sites counters
thermal or electrical debiasing effects
but tends to increase Vepcar,. Collec-
tor regions should be thick and the
resistivity as low as possible without
losing collector ballasting resistance.
Multi-resistive layers in the collector
are beneficial but add to the cost. In
general, techniques used to assure high
second breakdown capability slow
time response, increase saturation volt-
age. and add to cost. For a given volt-

ampere product, extremes in voltage or
current aggravate the second break-
down problem. In some cases, input
regulation and transient control to an
entire system is economical because
lower-cost power transistors can then
be utilized.

Future design trends

It is now possible to design and fab-
ricate transistors having power outputs
close to one kilowatt. But there are
many applications where considerably
more power is required and where
electron tubes are currently used. Such
applications include induction and
dielectric heating equipment (with
power output of tens of kilowatts),
high-power broadcast transmitters,
and ultrasonic generators.

With improvement of the quality of
available silicon crystal, the advent of
improved passivated surfaces and
structures capable of breakdown valt-
ages above 2000 V, and with superior
thermal management, transistors with
powers on the order of 10 kw will be
available before the end of this decade.

With improved pellet passivation,
chips will be enclosed in plastic and
in hybrid circuit modules with greater
reliability than is now possible with
discrete power transistors in expensive
hermetic packages.

Because cost reduction is always a
prime objective, power transistors will
be integrated monolithically with di-
electric isolation capable of withstand-
ing high voltages. The integration
techniques will no doubt make pos-
sible some properties that cannot be
achieved today even in discrete de-
vices. Thus entirely new markets will
be created beyond the realm of today’s
reality.
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Computer microelectronics

resident facility

D. E. Kowallek

Computer Microelectronics (CME) reports to the Systems Development Division of
Computer Systems of Palm Beach Gardens, Florida, but is located in Somerville, New
Jersey for liaison with the Solid State Division. CME monitors semiconductor develop-
ments of potential application to computer equipment, and provides the Systems
Development Division with semiconductor technological information as a basis for

decision making.

OMPUTER MICROELECTRONICS
C (CME) was organized becausc
a close tie-in of the Systems Develop-
ment Division with the Solid State
Division was needed. The CME resi-
dent group was thercfore officially
formed carly in 1970, and subsc-
quently, expanded to meet the in-
creasing needs of Computer Systems
activities. Presently it consists of
three engineers, two technicians, one
secretary and a manager. CME is
located near the Solid State Tech-
nology Center which is the advanced
development arm of the Solid State
Division.

Charter

The concept of a resident group
and how it should best interface
with the divisions concerned (Fig. 1)
is still evolving. The group is flexible
and is acquiring a broad base of
knowledge in semiconductor tech-
nology and computer applications.
In accordance with its charter com-
mitments the CME group is:

—TFostering the development and use of
RCA 1c devices by providing a custom
circuit design capability utilizing up-to-
date technology. procedutes, and facili-
ties available at Somerville,
—Providing a facility to work with the
Solid State Technology Center in design
projects and in the evaluation of ad-
vanced technologies potentially useful
in computer applications,

—Providing the Systems Development
Division with information on semicon-
ductor technology and projected trends
so that technical decisions can be made,
—Providing direct communication be-
tween the Systems Development Divi-
sion and the Solid State Division at
various levels but especially on an
engineer-to-engineer basis, and
—Providing inputs from the Systems
Development Division to guide the
Solid State Division in formulating ad-
vanced development plans for future
computer applications.

Implementation

Computer Microelectronics fulfills its
charter either with direct cooperation
or with aid from other activities
within the Solid State Division. Al-
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Fig. 2—Hybrid packaging concept.

though CME is closely tied to the
Solid State Technology Center, proj-
ects have been carried on with other
groups, including the cos/Mos and
the Microelectronics Technology ac-
tivities. In addition, information is
gathered from many of the other Solid
State Division elements at the Somer-
ville location.

In carrying out its charter. CME con-
centrates on:

Custom circuit development. Design,
simulation, layout, fabrication, pack-
aging and testing for both mos and
bipolar integrated circuits.

Advanced technology projects. Coop-
erative studies with the Technology
Center on circuit techniques and ad-
vanced development projects.

Studies involving IC design. Integrated
circuit design techniques for both bi-
polar and Mos applications.

Studies involving IC simulation and
analysis. Simulation and analysis pro-
grams to aid in circuit design and logi-
cal simulation.

Services to the Systems Development
Division (SDD). Presentation of edu-
cational courses; distribution of tech-
nical materials, reports, and studies to
SDD.

The following are examples of design
projects, studies and services com-
pleted or in progress. For the most
part, they were accomplished through
close association with the Solid State
Division and in particular with the
Technology Center.

Fig. 3—PMOS character butfer chip.

High speed bipolar circuit and package
development

Requirements for advanced high
speed low power circuits, and for
new packaging techniques have dic-
tated the need for a continuing pro-
gram of cooperation between the
Systems Development Division, the
Technology Center, and CME. Basic
new concepts for partitioning and im-
plementing logic functions are being
studied. A current program includes
the development of bipolar chips
using advanced semiconductor tech-
nology and a compatible new packag-
ing scheme. One of the schemes under
consideration is shown in Fig. 2. The
program goal is to coordinate ad-
vanced technological developments to
achieve performance improvements
consistent with future computer pack-
aging trends.

Design of MOS output buffers

Small Mos devices suitable for high
density Ls1 are relatively high in im-
pedance and therefore have limited
current sinking capability. Driving a
T°L load or a T'L load (2.5 mA at
0.4 V) requires relatively large out-
put devices. This drive capability is
somewhat more difficult to obtain in
a pMos than a cos/Mos circuit; there-
fore pMos output buffering methods
were studied.

In the study report, a number of cir-
cuit configurations were proposed to

satisfy the requirements. For each
configuration, figures of merit were
tabulated for chip area, power, delay
and input capacitance. The report was
circulated to the SDD design centers
to assist them in designing output
buffers for future Mos circuits.

Design of MOS character buffers

Various technologies for Mos LsI are
available, but the capabilities and
limitations of each must be intensively
studied. A relatively complex circuit
suitable for Mos Ls1 was selected for
comparing PMos and cos/Mos tech-
nology.

The selected circuit is a dual six bit
buffer register usable in communica-
tion terminals. The register circuit
can accept two independent sets of
serial or parallel data, and output
from each register or transfer data
from one register to the other. Each
register is capable of independent
serial transfer, and the length of one
register is electrically programmable.
The circuit is required to be input-
compatible with 7°L and output-
compatible with either T°L or T'L.
Although traditionally Mos LsI cir-
cuits are relegated to slow speed ap-
plications, these circuits could be
used at clock rates up to 2.5 mHz.

A photograph of the pMos circuit lay-
out (Fig. 3) shows the twelve large
areas devoted to output buffering for
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T*L compatibility. The decode circuit
for programming the register length
can be seen along the left side. Also
visible is the complexity of random
logic interconnections required for
bussing the control signals and power.

The important performance param-
eters obtained on the pmos circuit
are compared with specifications in
Table I. Special techniques were used
in the circuit design to achieve the
required speed and T'L compatibility.
By carrying this circuit through de-
sign, layout, fabrication and evalua-
tion in both a pmos and a cos/mos
version, information on the develop-
ment of Mos LSI circuits was ob-
tained. This information was assimi-
lated and forwarded to the Systems
Development Division design centers.

Presentation of MOS technology and
applications course

The increasing advantage of Mos LS
dictates that this technology be con-
sidered in future computer systems.
To this end seminars on Mos tech-
nology have been prepared for pre-
sentation to the SDD design centers.
The first seminar included a review of
basic mos technology, operating
theory. logic circuit configurations,
electrical characteristics. and circuit
design. Subsequent seminars dealt
with the implementation of Mos LsI
and covered such topics as static and
dynamic logic. Mos interface require-
ments. and Mos design techniques.

Implementation of a technical information
retrieval system

This system has been implemented on

the RCA BTSS time sharing facility.

The system consists of an information
file and a servicing/retrieval program.
The file contains technical informa-
tion relating to semiconductor tech-
nology potentially applicable to com-
puter and peripheral equipment. It is
generated from published literature.
technical reports and other sources
and is categorized according to sub-
ject. After entry into the system. items
are retrieved by a computer search of
the data file for a match of the sub-
ject matter code or key words and
phrases. Although it has been im-
plemented as a coherent means of fil-
ing and retrieving technical informa-
tion for CME, the system is being ex-
panded and should become an im-

portant source of semiconductor
technology and application informa-
tion for the Systems Development Di-
vision.

Distribution of SSD summaries

Activities in the Solid State Division,
particularly advanced developments
in the Technology Center, arc closely
monitored for potential application to
Computer Systems. Reports from var-
ious activities are screened, summar-
ized, condensed, combined with other
pertinent information, and distributed
to various Systems Development Di-
vision activities. These reports help
bridge communication gaps between
the two divisions.

Distribution of the Microelectronic
Newsletter

Through close association with the
Solid State Division in particular, and
with the semiconductor industry in
general, CME keeps updated on state-
of-the-art technology and develop-
ments throughout the semiconductor
industry. Information of potential ap-
plication to computer and peripheral
equipment is condensed and distrib-
uted in a newsletter to the Systems
Development Division. Newsletter
items cover new devices available
from semiconductor manufacturers,
devices in development and scheduled
for announcement, and semiconduc-
tor technology trends. The informa-
tion is obtained from the Solid State
Division, other semiconductor manu-
facturers, technical periodicals, pub-
lished reports, and technical confer-
ences.

Miscellaneous

By working closely with the Tech-
nology Center, using facilities at
Somerville. and maintaining close
contact with the Systems Develop-
ment Division. CME can recognize
any technical shortcomings and make
recommendations affecting microelec-
tronic technology and applications.
Positive recommendations for the
development of techniques, considera-
tion of applications, and improvement
of aids and facilities have resulted
from this close association.

Some of the more important proposals
and recommendations have dealt
with:

—Universal logic arrays to perform
complex combinational and sequential
logic.

—A universal set of cos/mMos gates to
perform any logical combination of two
inputs,

—Modification of cos/Mos gates to im-
prove noise immunity when driven
from T°L or T*L,

—Future use of specific Lst packages
based on semiconductor industry trends,
—Development of improved input pro-
tection circuits for cos/mos to avoid
potential destruction when driven from
T°L, and

—An experimental laboratory method
of determining Mos device parameters
for use in Computer Aided Design
programs.

Conclusions

During its first year of operation,
the CME group has shown direct
benefit from close association with
the Technology Center, the Memory
Products Division resident group, and
other Solid State Division activities.
CME participates in the design of
SDD cquipment and keeps the Sys-
tems Development Division informed
on semiconductor technology and
trends. The resulting technical in-
formation exchange has been par-
ticularly helpful to the Systems
Development Division in formulating
technical plans and implementing
compatible development programs.
The operation of the CME resident
group has stressed direct engineer-to-
engineer contact which has improved
the technical interface between the
divisions.
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Table —PMOS Character Buffer Perform-
ance

Worst
measured
Spec. value
Propagation delay clock 400 ns 290 ns
to output
Data setup time 200 ns 119 ns
Parallel transfer setup 400 ns 264 ns
time
Shift rate (min) 2.5 MHz 4.25 MHz
Clock pulse width 200 ns 106 ns
(min)
Clock pulse width >5 us >5 us
(max)
Vour (oc) (Jor= 0.800 V 229V
2.5 mA)
Vou (oc) (Jon= 3.800 vV 4.140V
~200 pA)
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Breakdown

measurements

of insulating
films

Dr. J. E. Carnes|Dr. M. T. Duffy|
Dr. C. W. Mueller

The breakdown strength of thin film
insulators is an important design and
production contro! parameter in MOS
transistors, integrated circuits and ca-
pacitors. This paper describes a rapid
method of obtaining the statistical data
necessary to establish minimum and
average breakdown values of thin film
insulators. Breakdown values of alumi-
num oxide and silicon dioxide are given,
and factors giving improved breakdown
values are discussed.

REAKDOWN STRENGTH of thin film
B insulators is an important con-
sideration in the design of such devices
as MOS transistors, integrated circuits,
interconnections, and capacitors. The
thickness of the insulating film can
vary from nanometers to hundreds of
nanomcters, and the operating field
strength is frequently near the break-
down value. The electrical properties
of the thin film insulator must be care-
fully characterized and continually
monitored. Designers must know
minimum breakdown voltage, which
should be specified with a safety fac-
tor. Scientists trying to develop an
exact physical theory want to know
the maximum breakdown voltage.
Production or quality control engi-
neers are interested in the average
value of the breakdown voltage. Pro-
duction engineers struggle continually
to keep all these values as constant as
possible.

Measurement technique

Since high voltage breakdown is usu-
ally destructive, collecting meaningful
data about dielectric strength is often
tedious. In the usual procedure, the
material to be studied is sandwiched
between two electrodes and the ap-
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Fig. 1—Cross sectional view before and
after a self-healing breakdown event on an
MIS capacitor. Top metal electrode is re-
moved from damaged area so no shorting
path exists. Size of damaged area is out
of proportion —typical damage is 5um
across.

plied voltage is increased. Breakdown
creates a low resistance path through
the material, preventing further mea-
surement on the same sample. Each
measurement therefore requires a new
sample; breakdown occurs at the
weakest point, and the measured
dielectric strength is just an average
corresponding to the weakest spots in
a series of samples.

But the so-called self-healing break-
down technique (SHBD), introduced
by Klein"* permits many measurements
of a single sample. This technique uses
a thin (£ 100 nm) metal electrode on
a thin (< 1000 nm) dielectric film.
When a voltage is applied across the
film and breakdown occurs, the explo-
sive action of the breakdown event

removes the thin metal electrode from
the region of destruction, thus elimi-
nating possible formation of a conduct-
ing path or short. The test capacitor is
still a “good” capacitor with slightly
smaller area. Fig. 1 shows a schematic
of the cross-section of a capacitor
before and after a SHBD event. The
damaged area is typically only several
um in diameter so that thousands of
SHBD events can occur on one capaci-
tor. The initial breakdown events
occur at the weak spots in the dielec-
tric film, but as the process continues
these weak spots are destroyed and
eventually the “intrinsic” or final
breakdown strength is reached.

A ramp voltage technique, hereafter
referred to as the ramp mode, is par-
ticularly useful for studying self-
healing breakdown. A ramp voltage
with variable rise time (1—100 V/sec)
is applied across the sample. The
voltage increases until breakdown oc-
curs. At the onset of breakdown the
increasing sample current fires an
SCR, returning the sample voltage to
zero (see circuit in Fig. 2). When the
voltage drops below the holding vol-
tage of the SCR, another ramp se-
quence begins. Only one breakdown
event occurs per sequence. The voltage
across the sample is recorded on a
chart recorder producing a trace simi-
lar to that shown in Fig. 3. The break-
down voltage at each successive
breakdown event (represented by the
top of each vertical line i the trace)
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Fig. 2—Circuit used for ramp mode self-healing breakdown measurements.

increases as weak spots are sequen-
tially removed by the self-healing
breakdown action. The fact that each
peak of the trace always corresponds
to only one breakdown was verified by
observing the breakdown events with
a high power microscope. It was ex-
perimentally shown that to insure this
one-to-one correspondence gold was
the best contacting metal and its thick-
ness had to be controlled to 100+20
nm.

The value of the ramp mode technique
is especially evident in Fig. 3. The
trace evaluates the intrinsic break-
down voltage of the system being
studied after all weak spots have been
removed, this information is essential
in fundamental studies of breakdown
processes. And the trace also indicates
the initial breakdown voltage—the
only one which would be observed in
normal thick electrode measurements.
Further, the weak spot profile provides
information about the density of weak
spots in the sample. Thus, the tech-
nique is well-suited to technologically-
oriented studies aimed at improving
the dielectric performance of insula-
tors in a variety of applications.

Measurement of Al.O: films

Thin films of aluminum oxide pyro-
lytically deposited on silicon substrates
from an aluminum isopropoxide
source have been studied extensively
using this technique. The study of the
intrinsic breakdown strength as a
function of temperature, thickness,
and electrode material provides insight
into the basic cause of destructive
breakdown, while the investigation of
weak spot breakdown has resulted in
techniques that can virtually eliminate
this type of failure in these films.

Fig. 4 shows scanning electron micro-
graphs of typical breakdown damage
on Au-Al;O,-Si samples. The intrinsic
breakdown strength for Si* on p-type
material was 7.5X10° V/cm, and 6.9
X 10" V/em for Si™* on n-type. It was
found to be temperature and thick-
ness independent, strongly suggesting
that a tunneling mechanism at one or
both interfaces controls the break-
down process.

Surface preparation

Of more technological interest was an
improvement by a factor of two in the
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Fig. 3—Typical self-healing breakdown re-
corder trace for ramp mode. The tip of each
line is the voltage at breakdown. Each suc-
cessive breakdown has a higher breakdown
voltage until all weak spots are removed.
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Fig. 4—Scanning electron micrographs of
typical damage on p-type wafers (a) and (b)
are both for Si*; (c) and (d) for Si~.
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traces for
breakdown showing the weak spot profile for
three different Au electrodes with different
defect densities Au electrodes before break-
down are shown at 50X magnification in the
inset on each trace.

Fig. 5—Recorder

I

Fig. 6—Recorder traces for self-healing breakdown. (a) No HCI present during Al,O; deposi-

tion. (b) HCI present during deposition. Si* on
33 X 102 cm?.

initial (weak spot) breakdown. Small
surface imperfections on the silicon
wafers as received from the supplier
were found to cause weak spot break-
down. These defects, probably due to
a polishing residue, were visible as
white spots under dark field illumi-
nation and could not be removed using
standard cleaning procedures or
etches. Fig. 5 shows three different
breakdown traces for three different
densities of these spots. The spots
clearly influence the weak spot profile
shown in the breakdown trace, and
they can be positively identified as
breakdown nucleation sites by com-
paring “before and after” breakdown
photographs.

Incorporation of HCI gas during the
deposition of the Al,O; has eliminated
weak spot breakdown in these films
and has approximately doubled the
initial breakdown strength (Fig. 6).

Other film results

Other thin insulating films studied by
this technique include thermally-
grown 8SiO, and deposited silicon
oxide, both before and after densifica-
tion. A summary of the initial and
final breakdown strengths obtained is
shown in Table I. It is interesting to
note that densification of the deposited
SiO, actually decreased the measured
dielectric strength on p-type wafers.

p-type, Al,O; 1000A thick, Au gates, area=

The amount of data was limited, how-
ever, and wide variations in break-
down strength might be expected for
this material depending upon the
deposition facility and wafer prepara-
tion.

Summary

In summary, the ramp mode self-
healing breakdown measurement tech-
nique provides a rapid and straight-
forward determination of weak spot
aswell as intrinsic breakdown strength
of insulating layers one um or less in
thickness. The technique is useful in
both fundamental studies of dielec-
tric breakdown as well as in more
technologically-oriented investigations
where production methods are devel-
oped or controlled.
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Table 1—Initial and final breakdown strengths.
St+ on p-type “Si- on n-type

Insulator initial/final MV /cm initial/ final MV /cm
A1:0z (Pyrolytic)

w/o HC1 5.0/7.5 - /6.9

w/o HC1 7.5/1.5 - /6.9
Si0z (Steam @@ 1080°C) 8.1/9.6 no data
SiO2 (Steam @ 800°C) 7.4/10.1 7.6/10.7
deposited silicon oxide
before densification 10.2/11.6 5.8/7.4
after densification 8.0/10.1 6.1/8.4

(15 min at 1100°C
in He or N»)
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Hunting in hysteresis motors
and new damping techniques

S. P. Clurman

Hunting, or small random phase excursions of the rotor in synchronous motors, may
cause objectionable time displacement errors in video headwheel drives and other
precision scanning systems. The causes of these excursions are discussed, and sev-
eral completely electrical damping techniques are described.

HEN A SYNCHRONOUS MOTOR

drives a constant-torque load, its
rotor motion may deviate slightly from
the steady synchronous speed: the
rotor phase angle may meander
slightly about the constant-speed field
vector angle. This meandering is called
hunting. Excursions are usually oscil-
latory, with a characteristic period, but
amplitude and phase vary randomly.
In small-hysteresis synchronous mo-
tors used in timing and recording de-
vices, and especially in video head
wheel motors, the consequent time dis-
placement error may be objectionable.
But the exact nature of hunting in hys-
teresis motors has been a minor mys-
tery: it is not uniformly present in all
applications. and where present, its
nature is often ambiguous.

Final manuscript received May 13, 1971.

An earlier version of this paper was presented at
the INTERMAG Conference, Denver, Colorado, on
April 14, 1971,

Behavior of classical synchronous
motor
An analytic discussion begins with the
elementary theory of classical synchro-
nous motors. If we assume negligible
resistance in the stator windings, the
conventional equation for torque de-
veloped by a cylindrical rotor in sepa-
rately excited rotor field (Fig. 1) is:'
T=(n/27N) (V.Ey/X)sin pe
(joule/radian)
(N
where: n=number of phases; N=rotor
speed in rps; p=the number of pairs of
poles; ¢=the mechanical phase angle,
radians; E.=peak value of rotor EMF;
X.=magnetizing reactance of stator in
ohms; and V.= peak line voltage.

The developed torque includes fric-
tion, windage, and slot loss (a virtual
mechanical loss). When sin ¢$=¢, the
rotor stiffness is:
kr=T/¢p=1412(np/N) (V.Ep/X)
(in-1b./radian)
2
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Fig. 1—Schematic of two-phase synchronous
motor.

ks may be regarded as the stiffness of
an cquivalent torsion-spring coupling
the total rotor inertia, /, to the stator
field. After a transient torque displaces
the rotor angle from its steady-state
value, the rotot returns to, overshoots,
and oscillates about the steady-state
position with a resonant frequency,
w.= (kz/])*%. The decay of this oscilla-
tion depends upon the damping in-
herent in a given motor.

Rotor oscillations were measured with
a phase detection circuit which com-
pared the driving waveform with a
pulse train generated by a tonewheel
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b) recovery from a torque transient.
Fig. 2—Undamped motor oscillations.



on the shaft. A sample rotor oscillation
for a highly underdamped hysteresis
motor after a torque disturbance is
shown in Fig. 2b. The resonant fre-
quency is 3.8 Hz.

Time displacement error

Under steady-state conditions the rotor
drives against a steady torque, T,, and
assumes a steady phase angle, ¢,
When the torque is increased by an
increment AT, the rotor phase angle
increases by A¢p=AT/ky. If the incre-
mental torque is a sinusoidal function,
the rotor displacement response at
resonance increases over the pc value
(AT/k+) by the ratio of Q=1/2¢ where
£, is the critical damping ratio, C/C,."!

In a precision device there may be low
level random torque variations (e.g.
head-tape friction). Such disturbances
will appear as a series of torque
pulses, of very short duration com-
pared to the natural period of rotor
oscillation. One impulse will disturb
the rotor and cause it to oscillate. If
the motor is underdamped, the rotor
will still be “ringing” when a second
impulse occurring in some random
phase relationship, either increases or
decreases the amplitude of motion.
This sequence of events is a continuing
one.

Inanotherapproach therandom
torque is considered to have an effec-
tive power spectral density, W,. If the
motor is underdamped and the torque
spectral density is relatively uniform,
the mean square rotor displacement
will be:

‘/’2: (W/4() (wn/k'rz) W (3)

Two samples of hunting in an under-
damped motor running at no-load are
shown in Fig. 2a.

In timing devices and recorders, the
angular position of a shaft establishes
a time base and any perturbation of
the nominal angular rate will affect
this time base. Assume that a motor is
running with an average angular veloc-
ity Q,, and hunting with a peak angular
excursion ¢, at the resonant frequency
w.. When the deviation of the instan-
taneous speed is small (for the rela-
tively severe hunting shown in Fig. 2a,
the peak deviation was only *.00022)
the maximum time displacement error

2POLE, ZPHASE, 312.5 Hz HYSTERESIS MOTOR
ROTOR STRONGL Y MAGNETIZED
© 3.78 Hz RESONANCE (TOTAL INERTIA = 540 x 106
LB. - IN, - SEC?)
¥ 11.10 Hz RESONANCE {TOTAL INERTIA = 59 X 10°
LB. - IN. - SEC2)

w
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Fig. 3—Logarithmic decay of rotor oscillation,

can be accurately expressed® as At=

¢P/Qo-

The nature of hunting in hysteresis
motors

The behavior of underdamped hyster-
esis motors so far appears consistent
with linear theory. The recovery from
a torque transient superficially resem-
bles that of a lightly damped mass-
spring system. Closer examination of
the damping characteristics, however,
reveals a departure from linear be-
havior.

The oscillation shown in Fig. 2 has
nonconstant logarithmic decrement.
To show this more explicitly, logarith-
mic plots of peak angular excursions
were made for other similar oscillo-
grams. By changing the flywheel we
obtained two plots for the same motor
at two different resonant frequencies
(Fig. 3). Both plots are straight lines
when rotor excursions have peak
values of less than about 2°, but above
this value the plots are non-linear.

Non-linear damping was explored for

three different motors. Two techniques
were used to determine the value of Q
as a function of peak rotor excursion:
a) measurement of decaying free oscil-
lations, and b) recording the velocity
response of the motor to an FM input.
These values are plotted in Fig. 4, In
all plots Q varies inversely with rotor
excursion. The data indicate that Q
approaches a constant value below
some minimum value of ¢.

A simplified qualitative theory is of-
fered to explain the variable Q.

The magnetic torque developed in the
hysteresis rotor is proportional to the
area of its cyclic B-H loop.” For an os-
cillating rotor, the B-H loop area varies
between a minimum and maximum so
the torque fluctuates about a mean
value T, with peak excursions of
+AT. The locii of B-H values for the
various elements in the rotor are con-
sidered recoil permeability paths with
elliptical minor hysteresis loops (Fig.
5).

The simplifying assumptions will be
made that the rotor flux density and

ny RESONANT
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Fig. 4—Resonant amplification vs. rotor excursion.
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the stator magnetic field have sinu-
soidal distributions with peak values
of By and Hy, respectively, and that
B; does not change significantly with
torque. This makes the area of the B-H
loop equal to B;H; sin ¢.

At any point of the rotor, having a
reference angle 3, H will vary between
H,=H., sin (8—-¢,) and H.=H, sin
(8—¢.) . The energy dissipated by each
element during the oscillation is rep-
resented by the areas of the minor
hysteresis loops. If we make the as-
sumption that each minor loop is an
ellipse with an aspect ratio which
doesn’t depend on AH, then the energy
dissipated per cycle, Wy, will be pro-
portional to / (H.—H,)* dB.

W ocHp* " [sin (B — ¢2) —sin (8 —¢1) I’dB
(4)
Waua2mH2[1 —cos (¢2— ¢1) ]
~THy (¢2— ¢1)°
(%)
The total variation of magnetic poten-
tial energy, (2 Wg), is B:H: (sin ¢.—
sin ¢,) . The value of Q for this oscilla-
tion is 27 (W/W,,).
QCCZ"T[I/ZBan(‘Pz_‘Pl) ]/
[THy* (p2—¢1)*1=By/ (HA9)
(6)
In a simple synchronous motor, the
peak air gap mmf is proportional to the
voltage, V, applied to the stator wind-
ings.
QB,/ (VAg) (N

This relationship confirms our experi-
ence with the three parameters in-
volved:

1) Q varies inversely with A¢, as
shown in Fig. 4.

2) When the rotor flux level is in-
creased, Q is increased.

3) Raising the voltage moderately
appears to decrease Q.

The above analysis considers hysteretic
damping only. There are, of course,
eddy current effects which are believed
to be linear. At larger rotor excursions,
hysteresis is the dominant effect and
the Q varies inversely with A¢. When
the excursions become small, hystere-
sis decreases rapidly, leaving eddy
current effects as the dominant factor,
limiting the value of Q.

Development of a damping action

To damp oscillations: (a) the oscilla-
tory velocity must be detected and (b)
an incremental torque must be devel-
oped which is 180° out of phase with
this velocity. These tasks might be per-
formed by existing techniques for sens-
ing errors and torquing shafts, but

performing both tasks electronically
within the motor driving circuitry,
without special traasducers, provides a
simpler, cheaper, more elegant solu-
tion.

The foregoing discussion is valid for
motors driven from any power source,
but the techniques yet to be described
are oriented toward Ac voltage sources
derived from bpc power supplies
through switching type inverters (as
opposed to pc powered linear ampli-
fiers). At constant voltage, the pc cur-
rent in hysteresis motors of even
moderate efficiency is a relatively lin-
ear function of torque. For constant
voltage and frequency drive, the
change in pC current is nearly propor-
tional to the change in rotor phase
angle and Ai=—k,Ad.

A momentary torque increment, AT,
may be induced in the motor by modu-
lating the phase angle of the motor
drive frequency by A¢, or by modu-
lating the voltage level to the motor by
AV, Either of these effects can influ-
ence the pc current.

For small perturbations these two func-
tions are described by:
AT = — kA + K0+ (T./V,)AV
(8

difdt=—ki(de/dt) +k.(d8/db)
+ (3i/oV) (dV/dH
9
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Ine equation of motion of a rotor with
natural damping, ¢, is:
d¢/d+ 2 0wn (dp/dt —d8 ) dt)

= (wa’/kr) AT

(10)

When the damping circuit has a suit-
able transfer function, A¢=f,(Af), or
AV ={,(A1), the simultaneous solution
of the above threc equations will lead
to an equation for a damped oscilla-
tory system.

Active damping circuit using phase
shifting

Fig. 6 shows a block diagram for an
active damping loop which shifts the
driving phase, 6. Using the notation of
Fig. 4, #=Fk,V,. For a pc-coupled am-
plifier, §=Kk,V.. The inductor in the
pc line develops a voltage V,=M (di/
dt) =[U(dV./dt) -=Mk,(d$/dt) ], and
the desired velocity signal will be
Mk, (d¢/dt)y=[V,-UdV*/d)]=V..
Expressed as a Laplace transform, this
becomes V.=V,/(US+1). This, how-
ever, is exactly the transform of the
R.-C, lowpass when its time constant,
7,, equals U: the amplifier thus re-
ceives a virtual velocity signal. The
R.-C. highpass is not basic to the damp-
ing concept, but is included for prac-
tical circuitry reasons.

When this loop is closed, the transform
of the rotor response to a torque T(S)

VERTICAL SCALE:

2.4 uSECONDS/DIV

(0.27 ROTOR DEGREES/DIV.)
HORIZONTAL SCALE:

2.0 SECONDS/DIV.

a) absolute TDE over 20 seconds

VERTICAL SCALE:

24 ; SECONDS/DIV

(2.7 ROTOR DEGREES/DIV.)
HORIZONTAL SCALE:

0.2 SECONDS /DIV.

b) recovery from a torgue transient
Fig. 7—Damped motor oscillations

is as shown in Fig. 4. The minimum
requirement for loop stability of this
system is U/7,<1.

Fig. 7 shows the damping action of
such a loop: Fig. 7a shows the long
term hunting excursion, Fig. 7b shows
the recovery from a torque transient.
The motor is the same one whose un-
damped behavior was described in
Fig. 2. The long-term hunting peak
excursion has been reduced from as
high as 20 ps, pp to less than 2 us, pp.

Other types of damping circuits

Two voltage control techniques which
have been breadboarded successfully
will be described very briefly. Equa-
tions (8), (9), and (10) were em-
ployed to obtain the equation of
motion. This is a non-linear differential
equation, but can be linearized for
small perturbations. An active voltage
control loop was constructed to feed a
damping signal to a power amplifier
whose output was transformer-coupled
back into the pc line. The block dia-
gram of the active loop resembled Fig.
7, but the power amplifier replaced the
phase shift circuit.

Placing an impedance in series with
the the pc line yielded a passive damp-
ing circuit: the damping voltage was
due to the volt drop across the im-
pedance. An active damping circuit
can be designed theoretically to have
an ideal action, but the ideal imped-
ance of a passive circuit would be a
“negative inductance” in parallel with
a “negative resistance.” Fig. 8a shows
a motor and drive circuit with a paral-
lel L-C-R transformer-coupled into the
pc line. In Fig. 8b, the impedance of
the ideal negative inductance is plotted
against frequency, along with in-phase
and quadrature components of the real
L-C-R impedance. Values that make
the quadrature component negative, or
capacitive, in the vicinity of the rotor
resonance create a damping voltage in
a narrow frequency band around me-
chanical resonance. This is precisely
the band where a linear damper does
most of its useful work (a significant
corollary: when the pc source imped-
ance is inductive at the resonant fre-
quency, hunting is accentuated). The
breadboard version of this technique
was quite satisfactory, reducing the un-
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b) components of parallel L-C-R impedance.
Fig. 8—Passive damper circuit

damped time displacement error by an
order of magnitude.

Generally speaking, voltage control
techniques involve heavier, power-
handling components. In contrast, the
phase shifting circuit described used
small, low-power components which
occupied a section of a printed circuit
board measuring about 3” by 2”.

Conclusion

Time displacement errors in undamped
hysteresis motors can be reduced when
suitable damping is added. The natural
damping of the motor is a variable ef-
fect which depends upon the rotor
angular excursion, the level of rotor
magnetization, and the driving voltage.
Low power damping circuits have
been developed which require no mo-
tion sensing transducers, significantly
reduce the hunting excursion, and
cause no loss of motor power or ef-
ficiency.
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The Engineer
and
Professional
Societies

I. M. Seideman

A new field of science or technology
usually fosters a new professional soci-
ety. The need is apparent to the pio-
neers, but an engineer entering the field
later may ponder the advantages of
joining. With the proliferation of soci-
eties, he may also ponder his selection
of those available to him. Societies differ
widely in their goals, size, complexity,
and services. This article discusses so-
ciety problems in general and presents
examples of societies that typify the dif-
ferences or extremes. These organiza-
tions range from the multidiscipline
IEEE to the small, specialized Society
of Vacuum Coaters, and the “umbrella”
American Institute of Physics. All soci-
eties of interest to RCA engineers are
not mentioned here. Comprehensive list-
ing and descriptions of societies are
contained in several publications.'?**

ROFESSIONAL SOCIETIES of the

1970s are most receptive to sug-
gestions from their members for mod-
ernizing goals and updating services.
Traditions are being reevaluated; roles
are changing. Many societies publish
papers on social and economic issues,
and some have started to engage in
activities that implement changes in
these areas. Thus, as members of these
organizations, RCA engineers may, as
always, contribute to the advancement
of a specific technology and, at the
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Final manuscript received May 20, 1971.

same time, participate in and expedite
those changes that work toward the
general social betterment.

Current role of societies

Professional societies provide a forum
for the interchange of information
within a professional field or across
several. The major services of these
societies are:

1) Dissemination of new information
throughout the field and archival stor-
age of such information.

2) The establishment of definitions and
standards for the profession and its
associated technology.

3) Public acknowledgment of signifi-
cant contributors to the various profes-
sional fields.

4) Consultation and planning with gov-
ernment and industry on practical
directions for new research and devel-
opment.

Most societies maintain an adminis-
trative and service staff at some cen-
tral headquarters, but the majority of
the work toward achieving the socie-
ties’ goals is performed by volunteer
committees. Although the “committee
system” is regarded by some as ineffi-
cient, a society committee is most fre-
quently democratic and productive,
and may be properly defined as “a
select group of competent specialists
who integrate their diverse back-
grounds and experience into practical
recommendations for the solution of
the problem.”

Publications and meetings

Information is disseminated through
published journals containing papers
that describe significant work in the
field, more general surveys of devel-
opments over a period of time, and the
effect of technological development on
our society and its culture. Most socie-
ties hold at least one major meeting
per year at which significant papers
are presented. A dinner speech dis-
cussing the effect of general trends in
the nation upon the future of the tech-
nology (or vice versa) is given by a
prominent speaker; and often, new
equipment related to the technology
concerned is exhibited.

Local meetings of society ‘“‘chapters”
are held at more frequent intervals to
maintain technical and social relations
among professionals working in the
area, to present talks on pertinent top-

ics, and to discuss issues relating to
the whole society.

Standards

Most societies work to standardize in-
formational material common to their
field, such as specifications for equip-
ment characteristics, parameters, and
testing; specifications for materials;
and standard terms, abbreviations,
and definitions.

Awards

Outstanding work in a field is ac-
knowledged by citations and awards,
the latter often including honorariums
that range as high ay the $10,000 God-
dard Award, established in 1963 by
the ATAA and United Aircraft Corpo-
ration. The membership grade of Fel-
low has been established in many
societies for those who have made
exceptional contributions to their pro-
fession.

Scope

Fields of interest of professional so-
cieties range from the broad coverage
of the IEEE (some 27 special-interest
groups) to the highly specialized field
of the 300-member Society of Vacuum
Coaters (concerned with metal depo-
sition under vacuum). Interests also
range from the highly theoretical of
the member societies of the American
Institute of Physics to the intensely
practical of the American Society for
Testing and Materials.

Professional societies often apply the
analytic approach inherent to engi-
neering in examining the broad impli-
cations of government actions and
economic phenomena. The factual
results are made available to the scien-
tific community, the industry con-
cerned, and the government interests
involved. When technological prob-
lems requiring immediate attention
are recognized, military and civilian
organizations often seek initial advice
from a professional society. Although
the contact may be made with the
society’s headquarters or with an ad
hoc committee, the society’s journal,
by publicizing the problem and any
proposed solutions, engages the at-
tention of an entire scientific com-
munity.

Recently, members have become in-
terested in having their society assume



a broader social role; however, accord-
ing to some societies, reorganizations
along this line involve more of a
change than would first be apparent,
and the effectiveness of the society in
a new role would await the gaining of
expericnce and sophistication. How-
ever, a trend is observable. Several so-
cieties recently have published papers
on the sociological effects of technical
development. Society interest in “por-
table pensions” is growing. One so-
ciety now has arranged to manage
this type of pension plan for inter-
ested organizations and also to pro-
vide industry with standardized plans
to make possible interaction among
organizations managing their own
funds. Some societies provide a job-
placement service, some society pub-
lications list available jobs and
available personnel, and several so-
cieties are holding educational sessions
to assist unemployed engineers in re-
establishing their careers.

Societies arc beginning to recognize
the value of fresh and creative view-
points of younger engineers. A veteran
leadership is not always quick or
responsive to change necessary for ef-
fective society operation. Not that so-
cieties are unaware of the need to
modernize; more likely, they need the
bolder guidance of younger members
not as inhibited by convention and
tradition.

RCA and professional societies

RCA encourages its engineers to join
professional societies. Corporate En-

gineering Services, through the Staff
Manager of Technical Publications,
has set up an organization to assist
cngineers with papers intended for
society meetings and publications.
Each RCA Division or Major Opet-
ating Unit designates a Technical Pub-
lications Administrator who operates
under the aegis of the Staff Manager
to obtain reviews of each paper, to
ensure that it is of acceptable quality,
and to assist the author in preparing
and placing his paper. Supervisors co-
operate by promptly reviewing papers
and providing constructive advice.

Society membership should be more
than paying dues and scanning the
monthly journal. Membership can be
beneficial to the individual, his tech-
nical field, and his company. At so-
cicty meetings, the engineer exchanges
ideas which could prove beneficial to
his own activity; he may also discover
parallel activity in his own field, which
could call for a reevaluaton of his
work.

Should he be appointed to a commit-
tec, he will quickly learn the virtues of
restraint and compromise. Here the
principles of leadership can be de-
veloped: the stimulation of others and
the inspiration to action.

Many RCA engineers serve as officers,
committee chairmen, session organiz-
ers for conventions, or journal editors.
With their understanding of the needs
of industry, government, and the pub-
lic, these RCA engineers can help
formulate society goals and activities
to best serve the profession.

As an example, standardizing is a
welcome activity for a society in a new
technical field. As the field grows and
overlaps other fields, an organization
specifically formed for the establish-
ment of standards should become the
publishing agency. Alert society mem-
bers will see that early cooperation is
established and. particularly, that con-
flicting standards are avoided.

The engineer’s ethical responsibility
to his company, the government, and
the public is a subject of much current
debate. Precipitous individual action,
as a result of apparent conflict, is not
the way to bring about change. In this
sense, too, the technical society may
be a source of broader information, a
forum for other points of view, and a
base for more-effective, cooperative
action.

Within RCA, the RCA Engineer car-
ries news of professional society
meetings and activities in its “News
and Highlights,” “Pen and Podium,”

and “Dates and Deadlines” sections.

The Institute of Electrical and
Electronic Engineers (IEEE)

IEEE is one of the largest professional
engineering societies in the world,
with a total membership of about
160,000. It also ranks among the old-
est; one of its predecessors, the Amer-
ican Institute of Electrical Engineers
(ATEE) was founded in 1884. In 1963,
AIEE merged with the Institute of
Radio Engineers (IRE) to form the
present Institute. It is a “transna-
tional” organization, with members in
many foreign countries.

Irving M. Seid , Administrator

Technical Publications

Technical Information Services

Astro-Electronics Division

Princeton, New Jersey

received the BS in Physics from Carnegie Institute
of Technology (now Carnegie-Mellon University)
in 1841. After graduation, he joined RCA Victor
Company at Camden as an engineering writer and
has been at RCA ever since, except for a short
period of time when he was engaged in indus-
trial sales and advertising. In 1962, he became a
Group Leader and, a few years after, Manager of
an engineering documentation group at AED. In
his present capacity he assists in the publication
of professional papers; acts as divisional repre-
sentative for corporation-sponsored technical and
scientific journals; and administers the given
policies for formal interchange of technical infor-
mation throughout the corporation. Mr. Seideman
is a member of the administrative committee on
Professional Communications (formerly Engineer-
ing Writing and Speech) of IEEE and is Editor of
the Transactions.
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In addition to 195 Sections, located
throughout the world, IEEE has three
““Societies’” and twenty-seven
“Groups,” each concerned with a spe-
cialized field, operating within the
framework of the Institute. These are
listed in Table I. IEEE holds an In-
ternational Convention and Exhibit in
March of each year as well as several
regional meetings. The Societies and
Groups hold national meetings, and
many local chapters hold monthly
meetings. Various educational semi-
nars and tutorial lectures and work-
shops are scheduled each year.

Table |—IEEE Societies and Groups.

Societies
Computer
Control Systems
Power

Groups
Audio and Electroacoustics
Broadcasting
Antennas and Propagation
Circuit Theory
Nuclear Science
Vehicular Technology
Reliability
Broadcast and Television Receivers
Instrumentation and Measurement
Aerospace and Electronic Systems
Information Theory
Industrial Electronics and Control

Instrumentation

Engineering Management
Electron Devices
Microwave Theory and Techniques
Engineering in Medicine and Biology
Communication Technology
Sonics and Ultrasonics
Parts, Materials and Packaging
Education
Engineering Writing and Speech
Electromagnetic Compatibility
Systems, Man, and Cybernetics
Geoscience Electronics
Electrical
Magnetics
Industry and General Applications

IEEE publishes its general-interest jour-
nal, Spectrum, and its more technical
journal, the Proceedings, each month.
Thirty-one Transactions and two Jour-
nals, most of which appear bimonthly or
quarterly, are published by the Groups
and Societies. In addition, many Groups
publish their own convention Records or
Proceedings. Recently, IEEE Headquar-
ters started production of magnetic-tape
cassettes, containing information on the
latest developments in IEEE fields of
interest.

Some 300 Standards have been published,
including Specification Formats, Test

Procedures, Recommended Measurement
Practices, Definitions of Terms, Symbols,
and Abbreviations.

In a most recent development, the IEEE
and the National Society of Professional
Engineers (NSPE) have reached an agree-
ment to permit nonregistered engineers
who are members of the 1EEE to join the
NSPE. The President of IEEE, Dr. J. H.
Mulligan, Jr., stated:

“The leadership is well aware of the
increasing interest of many of its mem-
bers in matters of economic, social, and
political involvement. TEEE has tradi-
tionally limited its activities to the dis-
semination of technical information . . .
In contrast, the NSPE has...devel-
oped programs and accumulated ex-
pertise in many areas in which IEEE
members are presently expressing con-
cern.”

President Harry C. Simrall, P. E., of the
NSPE further explained:

...many IEEE members have expressed
a desire for greater participation in the
nontechnical problems facing our pro-
fession—areas in which the NSPE has
been involved for many years. [ These]
include government liaison, both in the
legislative process and the administra-
tive decisions, and at the Federal, state.
and local levels. They are concerned
with the broad employment problems.
ranging from [those] they have as in-
dividuals to such things as portable
pensions, patent rights, and registra-
tions.”

Thus, IEEE members participate in a
society that consolidates the broad, gen-
eral interests of engineers in many fields,
and one that is mature in its operations
relating to the social and economic scene.

The American Society of
Mechanical Engineers (ASME)

This Society was founded in 1880 as an
educational and technical society. It now
has more than 63,000 members, including
10,000 of Student grade. ASME’s business
is directed from a national headquarters
in New York City; the organization struc-
ture includes both the conventional “Sec-
tions” and Professional Divisions, each of
the latter specializing in a technical area
of mechanical engineering. The Profes-
sional Divisions are listed in Table II.

The Society holds two general business
meetings each year. Division Conferences,
sponsored by one or more of the Profes-
sional Divisions, feature technical pro-

grams, inspection trips, and committee
meetings relating to a single area of in-
terest, such as Aviation and Space, Heat
Transfer, or Design Engineering. Trans-
actions of the ASME are published in a
series of seven quarterlies:

Journal of Engineering for Power
Journal of Engineering for Industry
Journal of Heat Transfer

Journal of Basic Engineering

Journal of Lubrication Technology
Journal of Applied Mechanics

Journal of Dynamic Systems, Measure-
ments, and Control

The Society also publishes the monthly
Applied Mechanics Reviews, which pre-
sents critical reviews of books and articles
published on applied mechanics and re-
lated sciences. Another monthly, Mechan-,
ical Engineering, contains accounts of the
Society’s meetings and conferences, con-
densations of technical papers, and arti-
cles of general interest.

ASME, within five years of its inception,
undertook the formulation of standards
and codes. Notable among these are the
standard screw threads. It has published
work in standardization, industrial safety,
boiler codes, and performance test codes.
The Society also sponsors engineering
rescarch projects, the results of which are
useful to large segments of industry and
which also increase the effectiveness of
its members. Funds for such projects are
solicited from industry; the work is con-
tracted to some research organization,
under ASME committee supervision; and
the results are published. ASME actively
cooperates with national and interna-
tional organizations through joint confer-
ences, joint research, and the development
of international standards.

Table IlI—ASME Professional Divisions.

Air Pollution Control
Applied Mechanics

Metals Engineering
Nuclear Engineering

Automatic Control
Aviation & Space
Biomechanical &
Human Factors
Design Engineering
Diesel and Gas
Engine Power
Energetics
Fluids Engineering
Fuels
Gas Turbine
Heat Transfer
Incinerator
Lubrication
Management
Materials Handling

Petroleum

Plant Engineering &
Maintenance

Power

Pressure Vessels &
Piping

Process Industries

Production
Engineering

Rail Transportation

Rubber & Plastics

Safety

Textile Engineering

Underwater
Technology

There is also one group concerned with Solar

Energy Applications.
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American Institute of Aeronautics
and Astronautics (AlAA)

This society is devoted to science and
engineering in the fields of space tech-
nology, rocket systems, aeronautics, and
marine systems. It was formed in 1963
from a merger of the American Rocket
Society (founded in 1930) and the Insti-
tute of Aeronautical Sciences (formed in
1932). The total membership is approxi-
mately 39,000.

ATAA holds an Annual Meeting and
Technical Display, and typically holds
nearly 30 national technical meetings
each year in various parts of the country,
some co-sponsored with other professional
societies. In addition to the presentation
of papers, meetings include visits to gov-
ernmental aerospace facilities as well as
exhibits of aircraft, space, and marine
vehicles and associated R and D hard-
ware.

Publications include five journals, the
best known of which are the Journal of
Spacecraft and Rockets and the basic ar-
chival publication, ATAA Journal. Each
member also receives the monthly maga-
zine Astronautics and Aeronautics. A
continuing education service is provided
in the form of the ATAA Professional
Study Series, intensive two-day seminars
on the basics of various subjects. There
are four of these each year.

AITAA is a member of the International
Acronautical Federation (IAF), made up
of 54 professional societies in 34 coun-
tries. The TAF acts as Secretariat for the
International Council of the Aeronautical
Sciences, and is a co-sponsor of the Anglo-
American Conference in conjunction with
the Royal Aeronautical Society and the
Canadian Aeronautics and Space Insti-
tute. A bi-annual conference on subjects
of mutual interest to the three societies
is held alternately in the United Kingdom
and on the North American continent.

The ATAA is working with organizations
such as the Engineers Council for Pro-
fessional- Development (ECPD) at the
regional and state levels to establish guid-
ance programs which will assist students
in selecting one of the many engineering
fields as a career. A long range planning
group has been set up to establish plans
for the projected developments in the
aeronautical industry over the next 10
years.

On a national basis, special committees
interact with other professional societies

and groups outside the aeronautical field;
for example Section Members who are
experts in the fields of ecology and sys-
tems planning in urban environments are
freely contributing their know-how to
local government agencies.

The American Society for
Quality Control (ASQC)

ASQC celebrates its 25th anniversary in
1971 with approximately 25,000 members.
It is a world-wide organization with sec-
tions located in major cities throughout
the United States, Canada, Mexico, and
Japan. Members in other countries belong
to an international chapter. Its interests
range through the fields of quality con-
trol, reliability, inspection, statistics, en-
gineering, and research and development.

The Society publishes a monthly news
magazine, Quality Progress, a quarterly
periodical, Journal of Quality Technology,
and (sponsored jointly with the American
Statistical Association) the quarterly jour-
nal Technometrics.

ASQC sponsors a professional certifica-
ticn program for quality managers, engi
neers, and technicians, which is designed
to prevent obsolescence and enhance
their positions in the professional field.

This and other courses and seminars are
conducted by the Society’s Education and
Training Institute. Cooperative efforts
with colleges and universities are making
available courses and curricula leading to
undergraduate and graduate degrees in
quality control.

The Society of Motion Picture and
Television Engineers (SMPTE)

This society was founded in 1916 as the
Society of Motion Picture Engineers, and
later expanded its scope (and changed its
name) to embrace the related field of
television. Presently, there are nearly 6500
members. Semiannual technical confer-
ences are held, usually one on the West
Coast and the other on the East. These
meetings are a major source for the pa-
pers published in the SMPTE Journal.
More frequent meetings are held by the
16 chapters or sections of the Society,
located throughout the United States.

The Society also plays an important role
in standardization. As a rule, a standard
generated by SMPTE becomes an Ameri-
can Standard and is accepted as such by

the motion picture and television indus-
try in this country. The dimensional
standards for 8, 16, and 35 mm film, for
example, were set in this manner. The
Video Tape Recording Committee has
been particularly active in recent years,
establishing dimensional and operational
standards for video tape.

The SMPTE standardizing activities also
include the development and distribution
of test slides and films. For example, films
are available to aid in the alignment of
the sound systems of film projectors and
in the measurement of overall frequency
response. For television applications, a
series of test slides is available.

The American Institute of
Physics (AIP)

The Institute was founded in 1931 as a
federation of leading societies in the field
of physics. It is essentially a service or-
ganization for its member societies, hav-
ing no exclusive individual memberships
or meetings. It combines into one operat-
ing agency those functions on behalf of
physics that can best be done by the
societies jointly. Its purpose is the ad-
vancement and diffusion of the knowl-
edge of physics and its application to
human welfare. The constituent societies
are listed in Table III. Their total mem-
bership is almost 48,000, exclusive of stu-
dent and Corporate mmebers.

The Institute publishes nine journals for
the constituent societies, six archival jour-
nals, and Physics Today, a journal of
general interest. It “encourages and assists
in the documentation and study of the
history and philosophy of recent physics;
cooperates with local, national, and inter-
national organizations devoted to physics;
and fosters the relations of the science of
physics to other sciences and to the arts
and industries.”

Manpower and statistical studies relating
to education and employment are con-
ducted and reported. The Institute also
maintains a personnel placement service
at its New York headquarters.

Table lll—Member Societies of the AIP.

The American Physical Society

Optical Society of America

Acoustical Society of America

Society of Rheology

American Associaticn of Physics Teachers
American Crystallographic Association
American Astronomical Society
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Association for Computing
Machinery

The ACM was founded in 1947 as the
society of the computing community.
Presently there are more than 26,000
members of the Association operating in
every branch of the computing sciences
—from design and construction of com-
puting machinery to development of pro-
gramming theory and languages, and to
utilization of computers in scientific
investigation, industrial control, manage-
ment data processing, and the humanitics.
The aim of the ACM is the development
of information processing as a discipline,
and the responsible use of computers in
an increasing diversity of applications.

The Journal of the Association for Com-
puting Machinery (quarterly) is primarily
devoted to research and technical papers
reporting basic advances in the computing
sciences. It is considered the publication
of record for basic papers.

The Communications of the ACM
(monthly) covers topics of immediate
interest to the computing profession, news
and notices, official reports of the Asso-
ciation, guest editorials on professional
problems, discussions of proposed stan-
dards, as well as timely technical material.

Computing Reviews (monthly) compre-
hensively covers the literature on com-
puting and its applications. Selected spe-
cialists from the United States and abroad
serve as volunteer reviewers to provide
critical evaluations of books, technical
papers, popular articles, films and video
tapes on every aspect of computing.

Computing Surveys (quarterly) is the
survey and tutorial journal of the ACM.

The annual ACM conference and the
semi-annual AFIPS conference (of which
ACM is a major sponsor) offer members
opportunities to attend seminars, hear
papers being presented, and discuss mu-
tual interests. These national meetings
cover the full spectrum from hardware
and software to diverse extensions of
information processing theory and prac-
tice in industry, government, science, and
the humanities. Manufacturers’ exhibits at
national meetings present the newest in
computer systems and auxiliary equip-
ment, and offer previews of significant
developments.

ACM Regional and Chapter Meetings are
held more frequently, responding most
flexibly to the immediate professional
needs of the computing community.

National Society of Professional
Engineers (NSPE)

The National Society of Professional En-
gineers has grown from the founding
group of four societies in 1934 to 54 affil-
iated state organizations, approximately
500 local chapters, and 67,000 members.
The basic requirement for the (top)
Member grade is registration as a pro-

fessional engineer under one of the state
registration laws, while other grades in-
clude highly qualified but nonregistered
graduate engineers, registered surveyors,
and students.

NSPE does not cencentrate its interests in
any one technical field. From its found-
ing, it has pursued the economic, social.
and professional aspects of all engineer-
ing. These include programs in the areas
of legislative and governmental liaison,
employment practices, ethics, public re-
lations, and career guidance and develop-
ment. Four sections develop and imple-
ment special programs in the fields of
private practice, government, industry,
and education.

The Society’s monthly publication is the
Professional Engineer; it also publishes
the Legislative Bulletin and a newsletter
in each of the fields of private practice,
industry, government, and education.
These are supplemented by numerous
special publications and reports.

The national offices of the NSPE are lo-
cated in Washington, D.C. There, the
Society maintains an cffective liaison with
Congress and is regularly consulted in the
drafting of legislation affecting the engi-
neer. State societies maintain liaison with
their state legislatures on legislation af-
fecting engineers. State societies main-
tain liaison with their state legislatures on
legislation affecting engineers.

National Engineer’'s Week, which has
been observed for the past 21 years, is
under the general sponsorship of the
Society.

American Society for Testing and
Materials

This society was started in 1898 as the
American Section of the International
Association for Testing Materials. Four
ycars later, the 70 members incorporated
as an independent American organiza-
tion: the American Society for Testing
Materials. In 1961, the official name was
changed to the American Society for
Testing and Materials, cmphasizing that
ASTM is vitally concerned with materials
in gencral (not solely in testing) and,
more important, that its activities are not
limited to materials but include products
of all kinds. There are now about 16,500
members.

The Society achieves its objectives essen-
tially through the activities of more than
100 technical committees (and approxi-
mately 2500 subcommitiees). These are
responsible for development of standard
specifications and methods of test for
materials and for products for both in-
dustrial and consumer use.

The Society has conducted investigations
and research leading to a better knowl-
edge of the properties of materials and to
the development of more than 4200
widely used standards—specifications and
methods of testing for materials. These

are applicable to design, manufacturing,
construction, and maintenance. ASTM
provides the focus for U.S. participation
in many technical committees of the
International Organization for Standardi-
zation (1SO), the International Electro-
technical Commission (IEC), and the
Pan American Standards Commission
(COPANT). In 1964, ASTM embarked
on an extensive program of introducing
metric units throughout its 30,000 page
annual book of ASTM Standards. It also
published the ASTM Metric Practice
Guide to assist in making American-to-
metric unit conversions.

ASTM issues the Journal of Materials as
its archival publication, as well as a
publication of more general interest:
Materials Research and Standards. The
Society has a program of continuing
studies to find ways to speed up the stan-
dardization process to meet the needs of
the rapid expansion of technical fron-
tiers. New technical and administrative
committees are continually being formed.
Current committee activities include work
on materials for exploration of space,
atomic energy, surgical implants, modern
housing and construction, highways,
heavy industries, and durable consumer
goods.

The Society of Vacuum Coaters

This society was organized in 1957 “to
provide a common medium of intercom-
munications for the many and widely
separated persons and groups interested
in the vacuum coating process.” The
fields of interest include vacuum deposi-
tion of metallic coatings for both decora-
tive and functional purposes, the latter
including treatment of optical elements,
architectural glass (as a thermal barrier)
and thin-film electronic circuits.

Concluding remarks

Membership in a society may be con-
sidered an important part of an engi-
neer’s professional development; rec-
ognition for service to the society or
to the related field is a reward he can
attain in no other way. The invitation
to support . . . the challenge to redi-
rect the professional society of his field
cannot be lightly ignored by any en-
gineer who recognizes the dependency
of his future career on the future of
his professional field.
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Editor's note: The three Engineering and Research
Notes that follow were originally submitted as part of
“Laboratories RCA Ltd.—a profile” which appeared in
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Preparation of single crystals and thin films

1,
1

B. J. Curtis|J. Kane
H. W. Lehmann
s H. von Philipsborn
\ R. Widmer

Materials Synthesis
aa'J

and Evaluation Research
Modern electronic systems are making increasing use of single-
crystalline solid materials for a wide range of applications. As a
result, research laboratories must continue to find new ways to
grow existing materials and to apply known methods to the
fabrication of new, electronically-interesting compounds.

An example of the latter is the growth of crystals by vapor-
phase transport in a closed system. It applies especially well to
the investigation of ternary and quaternary compounds which
either melt incongruently or have very high vapor pressures at
their melting points. (e.g. HgCr.Se. or CdIn:Ss). In this method,
the component compounds of the desired material are loaded
into one end of a sealed and evacuated quartz ampoule together
with a small amount of a halogen (e.g. Cl. or Br:). The
ampoule is placed in a furnace with a temperature gradient
where a reaction occurs between the halogen and the starting
material. The resulting volatile compounds “transport” the
starting components to the other end of the ampoule where
they can be made to back-react forming single crystals of the
desired material. The enthalpy change for such reactions is
usually positive, meaning that transport occurs from the hotter
to the cooler end of the ampoule.

In this manner, we have succeeded in preparing a large number
of sulfides, selenides and oxides in single crystal form for the
first time.! Table I lists some properties of a small selection of
materials grown by this method at the Zurich Laboratory during
the past few years.

The method is well illustrated by the preparation of CdIn.S:
crystals. The starting materials are a stoichiometric mixture of
CdS and In.S: with a a small amount of I. as the transport
agent. The ampoule (16-mm diameter, 100 to 200-mm long)
is placed in a furnace so that the end with the starting materials
is at 850°C. The crystals grow as octahedra at the other end,
which is at 750°C.

As the crystals grow more-or-less freely and nucleation is poorly

Compound  Crystal shape (mm) Properties
B-ZnS (cubic) Pyramid 13x 13 Electrooptic
GaP Boule 7x30 Electroluminescent
ZnTe Boule 12x 33 Electroluminescent
ZnO Platelets 2x8x2 Electrophotographic
MgNb206 Prisms 5x2x1 Large dielectric constant
CdIn:S4 Octahedra 8x 8x8 Photoconducting
CusTaSes Plates 5x5x2 Electrooptic
HgCr:Ses Octahedra 3x3x4 Ferromagnetic-semiconductor
CdCr:Ss Octahedra 3x3x4 Ferromagnetic-semiconductor

controlled, the above technique is not well suited to the pro-
duction of crystals of a specified size, shape, or doping. The
growth of epitaxial layers on single-crystalline substrates, for
example, is better done by vapor-phase transport in an open
system. This method, originally developed at the Princeton
Laboratories, has recently been applied in Zurich to the prepa-
ration of GaP and CdS layers. Its main advantage is that the
rate of growth and the doping can be externally controlled.

GaP is prepared in the following way. A gas stream of H:/HCI
reacts with molten Ga at 850°C forming the volatile compound
GaCl. This subsequently reacts with a separate stream of phos-
phine (PH;) diluted in hydrogen in a second furnace resulting
in GaP. Under suitable reaction conditions, the GaP can be
made to grow as a single-crystalline layer on a properly pre-
pared substrate. By premixing the PHi/H. stream with other
gaseous hydrides one can introduce dopants (e.g. H:S) during
growth. Although these layers have excellent electrical proper-
ties, they vield poor electroluminescent diodes.
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Fig. 1—Schematic representation of the growth of GaP from Ga
solution.

The investigation of photoluminescence in GaP requires
material with either very high purity or a specified low doping
concentration. In addition, the crystals must be free from
internal strain. These requirements are best met by growing
from Ga solution in the apparatus shown schematically in Fig.
1. The reaction tube and the boat are made of aluminum oxide
because it has been shown that the use of quartz leads to an
undesired Si doping of the crystals, A gas stream of
H:/H.:O/PH, is passed over the molten Ga which is at 1150°C.
The PH; decomposes at this temparture and the phosphrous
reacts with the Ga to form GaP. Once the solution becomes
saturated with GaP, the compound begins to crystallize in
platelet form at the cooler end of the boat.

It is often not possible to use halogen transport as in the two
above techniques either because the metal halogenides react
with the quartz (e.g., AICI) or because undesired doping of the
crystals by the transport agent will result (e.g., I in CdS). In
such cases, volatile organometallic compounds can serve as the
source of the metal. As before, a vapor-phase reaction with
another gas at elevated temperature can be used to produce
the desired compound. We have recently grown thin layers aof
epitaxial AIP on sapphire at 750°C by reacting Aluminumtri-
methyl (Al (CH:):) with PH;. The growth of ternary oxides by
the same technique is currently under investigation.

Sputtering offers the possibility of preparing thin films of an
almost unlimited number of elements and compounds. Sputter-
ing is very similar to the vacuum evaporation process except
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that the source material is not heated but rather bombarded
with energetic ions. As a rule of thumb, this energy must be at
least four times the sublimation energy of the substance, which
means about 100 eV. The arriving ions knock out particles of
atomic dimensions from the target which cross the chamber
and are deposited as a thin film on the substrate. The bombard-
ing ions, in practice usually argon, are created in a glow dis-
charge at a pressure of about 0.01 torr. While metals and
semiconductors can be sputtered in a pc discharge, insulators
require an RF discharge. If this is not done, a charge layer forms
immediately on top of the insulator and sputtering is stopped.
When oxygen is substituted for argon as the ion source, it is
possible to make metallic oxides directly by using a target of
the desired metal. Using this method of reactive sputtering, we
have been able to prepare thin films of ZnO which are very
good piezoelectric transducers. They also show interesting
electrophotographic properties.

For practical applications, crystals with a size of the order of
centimeters are often desirable. Such single crystals of metals,
semiconductors, and insulators can often be grown from the
melt by pulling (Czochralsky method). This method requires
that the vapor pressure of the compound at the melting point
is not excessive and that the melt does not react with the
crucible. The growth starts either on a rod or on a seed (i.e., a
small crystal) which is dipped into the melt. The crystal is then
slowly pulled out from the melt while rotating at a constant
speed. For Si, typical pulling rates are 40mm/h. Oxides must
be pulled considerably slower, of the order of a few mm/h.
The diameter of the growing boule can be changed during
growth by slight temperature variations. We are currently
growing BiiSisO:. (Eulitine) and isomorphous materials. The
crystal growth of such SiO:rich compounds is rather dif-
ficult because of the glassy nature of the melt. We have been
able to grow BiGe:O: crystals with a length of a few centi-
meters as well as smaller ones of the Si isomorph. The electro-
optic and acoustic properties of these materials are currently
under investigation.
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Curtis, B. J., Emmenegger, F. P., and Nitsche, R. ‘“The Preparation of
Ternary and Quaternary Compounds by Vapor-Phase Growth,”” RCA
Review, Vol. 31, No. 4 (Dec. 1970) p. 647.

Electrophotography

H. Kiess
Optics Research

In electrophotography a combination of static electricity and
photoconductivity is used to produce images, prints, and copies.
In contrast to conventional photography in which chemical
processes dominate, electrophotographic images are formed
through purely physical means. Thus, electrophotography has
becomes important in applications, such as office copiers, where
fast reproduction is required. The conventional technique is still
overwhelmingly preferred in those cases where high light sen-
sitivity and long lifetime of the latent image are necessary.
(The sensitivity of sliver halide films is 100 to 1000 times
greater than that of present electrophotographic media.)

The most common materials used in electrophotography are
ZnO powder and amorphous Se films. The former is generally
dispersed in an organic binder and applied as a thin (~15zm)

a) Charging of b)Exposureand c¢) Powder de- d) Fixing of the
the electropho- formationofthe velopment of image by heat.

tographic ma- latent image. the latent im-
terial with a age.

corona dis-

charge.

Fig. 1—Schematic representation of the steps in electrophotography.

layer on a paper substrate. When ZnO is used as the photo-
sensitive material the process is known as Electrofax.

For simplicity, the steps of the process will be discussed in
a one dimensional representation (see Fig. 1). The ZnO
layer is charged in the dark by a corona discharge. Such a dis-
charge occurs in a gas around surfaces of very small radius, at
which the electric field is so high that the surrounding gas
molecules are ionized by impact. The resulting ions are de-
posited on the photosensitive medium. Under subsequent illu-
mination, the charge in the exposed areas is removed due to the
photoconducting properties of the electrophotographic layer.
What is left forms an invisible (latent) image which can be
developed by strewing a colored powder on the layer. In those
cases where the picture is not subsequently transferred to
normal paper the powder particles are fixed directly to the
layer, as is the case for the ZnO-binder types.

The requirements on the electrophotographic material are not
very restrictive in principle: it must be sufficiently insulating in
the dark so that it can be charged electrostaticly, and it must
be photoconducting so that the charge can be dissipated under
illumination. In practice, however, the production of highly
sensitive electrophotographic layers is a serious problem. There-
fore it appears desireable to clarify the charging properties of
and charge transport mechanisms in these layers.

Since the Electrofax layers are a mixture of the inorganic ZnO
and the organic binder, a clear assignment of the respective roles
is difficult. To complicate matters further, commercial layers
usually include a dye to increase the sensitivity in the visible.
It was known that ZnO is a photoconductor and that the binder
itself is a very good insulator. One could then ask if perhaps
the charge were stored on the binder and if the ZnO simply
played the role of a photoconductive dissipator.

It seemed obvious that measurements on ZnO alone should
give the answer. We found that, while the ZnO powder could
not be charged, single crystals could be charged easily in a
corona discharge. More surprising was the finding that con-
ducting ZnO crystals stored the charge longer than insulating
ones. The fact that conducting crystals can be charged at all
indicated that an insulating barrier of 0.1 to 1 gm thickness is
formed during the charging process, the resistivity of which is
comparable to that of the best insulators.

To bridge the gap between the nearly ideal ZrO single crystals
and the powder layers (without binder), polycrystalline layers
produced by reactive RF-sputtering were investigated. In con-
trast to the powder layers, the crystallites in the sputtered layers
are closely packed. Since the electrophotographic process could
be performed on this material, it seems justified to assume that
the binder is not needed to store the charge. Rather it serves to
bring the ZnO particles into mutual contact and protects them
from detrimental effects of the environment. By its simple
presence, of course, the binder can affect the charging and
discharging characteristic greatly depending on its specific elec-
tron acceptor density.

It was considered justified to study the basic phenomenon of



electrophotography on ZnO single crystals alone. The sim-
plicity of this system in comparison to the powder-binder
layers should alleviate the difficulties of experimental inter-
pretation. The two examples which follow indicate how such
experiments lead to a better physical understanding of the
process. In their present mode of use, the Electrofax layers are
physically limited in their sensitivity. However, the theoretical
analysis omitted one possibility which could, in principle, in-
crease the sensitivity: the multiplication of the photoelec-
trically generated charge carriers by impact ionization. A model
investigation was carried out using ZnO single crystals in con-
tact with an electrolyte which showed that the effect cannot be
observed in ZnO. Such an experiment would be impossible
with powder-binder layers.

It is also of interest to know which physical processes are
responsible for the decay of the charge pattern which forms
the latent image. Experiments on crystals show that, in the
dark, the charge is dissipated according to a logarithmic time
law, as is also observed for Electrofax layers. The results
obtained on the single crystals indicated that the energy of the
negative charges on the ZnO surface is characterized by a con-
tinuum of surface states. It was also found that the pretreatment
of the crystals is a decisive factor in determining the decay
time, i.e. the density and the position of the charges depend
strongly on the quality of the crystal surface.

Future investigations are aimed at clarifying the details of the
charge decay mechanisms and at finding where and how the ions
from the corona discharge are sorbed on the surface.

Thyristor horizontal deflection and high-voltage
circuits for dual-standard 819/625-line television

G. Forster
Licensee Technical Service
Engineering

Horizontal deflection circuits capable of operating at two dif-
ferent line-frequencies are still required in certain parts of
Europe—notably in France and surrounding regions. For wide-
angle color kinescopes this imposes severe conditions on the
active devices. Operation on the 819- and 625-line standards
adds the further requirement of short retrace time since hori-
zontal blanking in the 819-line system has a duration of only
9.8 us.

Circuit design

Two types of circuit designs are considered: a) horizontal de-
flection coils having an impedance of 1.25 mH when series-
connected or b) those having an impedance of 0.31 mH, parallel
connected.

Basic circuits of this types are shown in Figs. 1a and 1b. There
are several proposals for horizontal picture centering and E-W
pincushion correction circuits that can be applied in these cases.
A centering circuit is outlined in Fig. 1a (Lv, D). A further
possibility is shown in principle in Fig. 1b. All the known types
of linearity correction circuit are also usable here:

1) Saturable inductor in series with the yoke.

2) Addition of a phase-shifted sinewave to the voltage on the
S-correction capacitor.

3) Diode-switched saturable inductor.

In case a), where the horizontal coils are series-connected, the
impedance can be matched via the primary of the high voltage
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transformer. In this case, any desired retrace voltage on the trace
switch can be obtained by suitable choice of the transformation
ratio. Since the deflection energy, which is essentially reactive,
must be handled by the transformer primary, a somewhat
larger core size is required. The usual color receiver core size
U 59/36 is used here. The basic circuit is shown in Fig. 1c. The
same picture-centering and linearity correction circuits as indi-
cated above for case b) can be employed.

In case b) the coils can be driven directly with the high voltage
transformer in parallel. The transformer then only handles the
high-voltage power; thus, a small ferrite core as typically used in
monochrome receivers is adequate. At nominal deflection cur-
rent and 11.8 us retrace time, the peak retrace voltage is then
670 V.

To reduce this retrace voltage, the trace switch can be connected
to a tap on the high voltage transformer primary. The usual
monochrome transformer core (UI 57) is then still usable for
peak voltages down to some 570 V.

In both circuits, the regulation in respect of power-line voltage
variations can be improved by feeding information on B+
variations directly to the control circuit via resistive feedback.
If the loop gain of the system is sufficient, however, this resis-
tance should be omitted since in certain conditions it can cause
oscillations in the control system.

Circuit version a) has the advantage that the retrace voltage
pulses at the yoke are practically symmetrical relative to ground.
This is due to the high ratic between the two arms (ratio of
inductances in the two bridge-arms is 1.25 : 0.2 mH, or 6.2 : 1)
of the bridge circuit in the active E-W pincushion modulator. In
consequence of the symmetrical yoke voltages, spurious radia-
tion of horizontal frequency harmonics from the yoke is prac-
tically negligible.

For both cases a) and b), there is the further possibility of
operation with a stabilized B+ supply. The regulation trans-
former and control system can then be eliminated from the
deflection circuit. Stability against beam current variations is
then obtained by an optimized use of the principle of retrace-
time variation in function of high-voltage load, which is always
present in the thyristor deflection circuit.

When using a stabilized B+ supply, the voltage can again lie
within the range of about 140 to 300 V. Since in this case the
effects of hum are not attenuated in the deflection system, the
peak-to-peak hum-voltage should not exceed 0.8% of Vi, as is
usual in all-solid-state deflection circuits. The total power con-
sumption will be somewhat reduced since the losses of the
regulation system are eliminated.

E-W pincushion correction circuit

The thyristor deflection system allows any of the well-known
pincushion correction circuits to be used. Some very simple
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circuits give good results and can only be employed successfully
with thyristor deflection because of the low internal impedance
and the built-in regulation system. This refers particularly to
circuits 1) and 2) below. The following four circuits have been
investigated.

1) Pincushion correction via the regulation transductor. This
modulates the primary voltage of the high-voltage trans-
former, but provides a very economical circuit.

2) Correction with a single pincushion transductor. This has the
the advantage that the primary voltage is not modulated, it is
still a simple and economical circuit that provides good
quality correction.

3) Correction by means of the “diode modulator” system, which
essentially provides linear modulation of the deflection cur-
rent, but imposes a constant load of at least 18 W on the
deflection output stage. The thyristor circuit will tolerate this
additional load, and the power can be used to provide the B+
supply for other parts of the receiver. The diode modulator
also produces no undesired modulation of the primary voltage.

4) Correction by means of an active deflection current modula-
tor. This system will now be described in detail. It is easily
switched bctween 625 and 819-lines and also produces no
modulation of the primary voltage.

This active correction circuit—4) above—uses a bridge configu-
ration to avoid modulation of the high-voltage transformer
primary voltage. In the design of the bridge, attention should be
paid to the following points:

1) The pulse voltages at opposite ends of the yoke should not
be too unsymmetrical, as this can increase spurious radiation.

2) In case of bridge unbalance due, for example, to core-
saturation occurring in one arm during picture tube arcing,
the unbalanced voltages at either of the arms containing the
generators (main deflection generator and pincushion gene-
rator) should not be too great.

3) The maximum permissible voltage between horizontal and
vertical windings of the yoke (700 V peak-to-peak) must not
be exceeded.

These conditions are fulfilled by the bridge shown in Fig. 2c,
which has a high ratio (6.6) between arms. The voltages on
the horizontal coils have +650 V and —680 V peak values, and
are therefore nearly symmetrical.

The pincushion correction is free of the “moustache effect” or
of “corner stretching” (decrease of pincushion correction in the
corners of the raster at high beam current). The pincushion
current generator adds about 5% to the total deflection current
without affecting the high-voltage, and can therefore be used to
provide a picture width adjustment. The values of peak current
and voltage in the circuit are relatively low so that the safety
factors are very generous (factor 2 for voltage and 3 for cur-
rent). Further, the use of germanium devices ensures low
losses because of the short turn-off time and the low forward
voltage drop. The power requirements of the pincushion gene-
rator, which are supplied entirely by the main deflection circuit,
are therefore modest and in consequence up to some 20 W of
auxiliary power can still be taken from the high voltage trans-
former to provide the B+ supply of other parts of the Tv
receiver.

The modulator circuit is entirely immune to damage from pic-
ture tube arcing. A “floating” B+ supply derived by rectification
of the trace voltage from an insulated winding on the high
voltage transformer is used for the pincushion modulator. The
entire circuit is isolated from ground, and the input signals are
coupled via transformers, which must have adequate instlation
between windings.

Switching for dual-standard operation

Dual-standard system requires three switching operations in the
output circuit. Since neither high currents or voltages have to
be switched, severe requirements are not imposed on the
switches or relays. In addition, the oscillator frequency and the
S-correction capacitor of the pincushion modulator circuit must

also be switched. One further switch section is needed which,
during the time that the other switches are completing their
functions, must short-circuit the gate of the commutation thy-
ristor to emitter (ground). If a relay is used, contact bounce
must be avoided, since the short-circuiting of the gate is neces-
sary to avoid false triggering of the thyristor by spurious oscil-
lator pulses during the other switching operations. It is prefer-
able to arrange that this switch section closes first and opens
last by means of a delay circuit. The retrace time is kept the
same for both line-frequencies and has a value of approx. 9.6 —
9.7 us.

The performance as regards high-voltage regulation, picture-
width, change in function of beam current, and other parameters
is essentially the same at both frequencies because of the indi-
vidual set-up for each standard of the commutating frequency
and regulator circuit. The gate pulse-shaping circuit for the trace
thyristor is not switched since a compromise adjustment that is
satisfactory at both frequencies is possible. However, care must
be taken to ensure that the gate current becomes negative before
the anode current starts to decrease due to application of the
commutating pulse in the anode circuit. In Fig. 2 incorrect and
correct conditions are shown. Here in both cases, the gate cur-
rent is correct at 625 lines, but in the upper 819-line waveform
it can be seen that a positive gate current of some 60 mA is still
flowing when the anode current starts to turn off.

Future trends

The use of the thyristor deflection system also in black and
white Tv receivers offers interesting technical and economic
possibilities, since a single basic circuit can be used in all types
of receivers.

Future solid-state bidirectional switches (thyristor plus diode)
may be combined into single integrated elements which will
offer further economies in assembly, price and inventory.

Although the circuit has now been used very successfully for
several years in 90° and 110° color receivers, this work has
indicated that variations of the basic system for dual standard
operation are possible.
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LCRU optical sight

M. Levene

Advanced Technology Laboratories
Government and Commercial Systems
Camden, N.J
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OPTICAL SIGHT
N,

Fig. 1—Optical sight mounted on LCRU antenna.

A unique optical sight was designed under contract with NASA
to allow the Lunar Communications Relay Unit (LCRU) antenna
to be aligned with earth, as shown in Fig. 1. This sight was
developed by Advanced Technology Laboratories in cooperation
with both the Lcru program office in Communication Systems
Division and the Antenna Pedestal and Structures Group, Radia-
tion Equipment Design Section of the Missile and Surface Radar
Division. The sight (Fig. 2) provides a non-inverted image of
the earth on a diffusing viewing screen with a reticle to allow
accurate alignment of the antenna. A lens cover/filter, which
can be moved out of the way easily by a gloved astronaut, pro-
tects the lens of the sight from dust, and allows the astronaut to
view the sun and thereby align the antenna when the sun is
within the central 4° of the field-of-view of the sight.

An f/10 lens with a 5-in focal length focuses the earth. A
butterfly-shaped front-surfaced roof or Amici mirror (Figs. 3 and
4) deflects the line-of-sight by 45° and re-inverts and re-reverts

-LENS COVER/FILTER

(Y VIEWING
SCREEN/
/ RETICLE

FILTER
POSITIONER

P
SECTOR MASK

Fig. 2—LCRU optical sight showing viewing screen/reticle and
sector mask.

the image from the lens to provide an upright, properly oriented
image on the viewing screen. A 3° inner circle on the reticle
allows the antenna to be aligned with the earth to within
approximately 0.8°. A rotatable sector mask over the viewing
screen blocks the image of the sun when it is within the field-of-
view but no closer than an angle of 4° to the center of the
screen. A retractable sun shield provides shielding of the view-
ing screen to improve image contrast when back-lighting condi-
tions are present. Baffles at two locations in the sight prevent
spurious images from being focused on the viewing screen.

LENS HOUSING

MIRROR ASSEMBLY
,

e T T .
+ _ BAFFLE

MIRROR HOLDER

SECTOR SHIELD MIRROR HOL SING
MASK

Fig. 3—LCRU optical sight, exploded view.

The roof mirror functions the same as a roof or Amici prism,
which could not be used because of light scattering. However,
this mirror presented construction difficulties because of the
requirement to put together two mirrors at a precise angle of
90° (within 5 minutes of arc). The mirror (Fig. 4) is formed of
two V-shaped quartz prisms optically joined to within a roofline
accuracy of 0.001 in. and held within the sight on Invar supports
to match the coefficients of thermal expansion.

The sight is designed to withstand the shock and vibration of
launch (in a stowage container) and a skin temperature range
of from —73°F to +208°F.

To align the antenna with earth, the dust cover/filter is moved
to uncover the lens barrel and the image of the earth is centered
in the center circle of the viewing screen/reticle.

Fig. 4—Roof or Amici mirror. This butterfly-shaped, quartz, front-
surfaced mirror deflects the line-of-sight by 45° and re-inverts and
re-reverts the image from the lens to provide an upright, properly
oriented image on the viewing screen.

When the sun is within the central 4° of the field-of-view of the
sight, the dust cover/filter is allowed to remain over the lens,
and the antenna is aligned so that image of the sun is at a calcu-
lated position on the viewing screen/reticle. If the angle between
the sun and the earth is greater than approximately 4°, the mask
is rotated until the image of the sun is blocked. The dust cover/
filter may then be moved to uncover the lens and adjustments
made, if necessary, to center the image of the earth in the center
circle of the viewing screen/reticle.
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Napoli, L. S, 215
Nicoll, F. H., 240
Norris, P. E., 205
Pike, W. S., 245
Rajchman, J. A,, 360
Redfield, D., 205
Richman, D., 205
Risko, J. J., 210
Roach, W. R., 160, 205
Rose, W. R., 160, 205
Russell, J. P., 250

Sadasiv, G., 245
Sandercock, J. R., 160
Schroeder, A. C., 240
Schwartz, P. M., 160
Shallcross, F. V., 215, 245
Shamir, J., 160

Shaw, J. M., 205
Smith, R. J., 205
Sommer, A. H., 205
Sommers, H. S., Jr., 240
Southgate, P. D., 240
Staebler, D. L., 250
Steigmeier, E. F., 205
Stewart, W. C., 210
Struck, C. W., 205
Sunshine, R. A., 160
Taylor, G. W., 210
Tietjen, J. J., 205
Triano, A., 205
Vilkomerson, D., 245
von Phillipsburn, H., 205
Vossen, J. L., 240
Wada, Y., 205

Wang, C. C,, 205
Weimer, P. K., 215, 245
White, J. G., 205
Weimer, P. K., 205
Wielicki, H., 240
Williams, B. F., 205
Williame, R,, 205

Yim, W, M., 205. 240
Zernik, W., 205

Patents
Granted

to RCA Engineers

As reported by RCA Domestic Patents,
Princeton

Missile and Surface Radar Division
Halpern, S., 210

Patton, W. T., 225

Turner, R. J., 215

Yates, S., 130

Solid State Division
McNulty, T. C., 215

Electronic Components

Method of Constructing a Magnetic Core
Memory Plane—T. P. Fulton (EC, Need-
ham Hts) U.S. Pat. 3,594,897; July 27,
1971

Method for Preparing Zinc and Zinc-
Cadmium Sulfide Phosphors—J. S. Mar-
tin, Jr. (EC, Lanc) U.S. Pat. 3,595,804;
July 27,1971

Method for Preparing Oxide-Coated
Cathodes—J. J. Moscony (EC, Lanc.)
U.S. Pat. 3,598,646; August 10, 1971

High Power Electron Discharge Device
Having Anode with Improved Heat Dis-
sipation Capability—F. G. Hammersand
(EC, Lanc) U.S. Pat. 3,601,647; Augst 24,
1971

Method for Making an Electron-Tube
Grid Assembly—I. E. Smith (EC, Lanc)
U.S. Pat. 3,604, 080; September 14, 1971

Flexible Heat Pipe—S. W. Kessler, Jr.
(EC, Lanc.) U.S. Pat. 3,604,504; Septem-
ber 14, 1971

Electrical Connector Assembly Having
Cooling Capability—R. A. Freggens, W.
E. Harbaugh (EC, Lanc.) U.S. Pat. 3,605,-
074; September 14, 1971

Radial Heat Flux Transtormer—R. J.
Buzzard, A. Basiulus (EC, Lanc.) U.S.

Pat. 3,603,382; September 9, 1971; As-
signed to U.S. Government

Consumer Electronics
Noise-Cancelling Circuits—J. N. Pratt
(CE, Indpls) U.S. Pat. 3,595,993; July 27,
1971

Apparatus for Controlling the Operating
Potential of a Midicon—J. A. Cooksey
(CE, Indpls) U.S. Pat. 3,600,511; August
17, 1971

Noise Immune Pure Carrier Detector
Circuit—L. B. Juroff (CE, Indpls) U.S.
Pat. 3,602,821; August 31, 1971
Television Electronic Control Circuit for
Channel Selections—J. B. Bean, Jr., W.
W. Evans (CE, Indpls) U.S. Pat. 3,602,-
822; August 31, 1971

Electronic Switching of Tuned Circuits—
G. W. Carter (CE, Indpls) U.S. Pat.
3,602,823; August 31, 1971

Instant-On Circuitry for Solid State Tele-
vision Receivers—J. B. George (CE,
Indpls) U.S. Pat. 3,603,732; September
7, 1971

Power Supply Utilizing a Diode and Ca-
pacitor Voltage Multiplier for Tracking
Focusing and Ultor Voltages—N. W.
Hursh, J. J. McCardle (CE, Indpls) U.S.
Pat. 3,609,446; September 28, 1971

RCA Laboratories

Optical Semiconductor Device with Glass
Dome—A. G. Fischer (Labs, Pr) U.S. Pat.
3,596,136, July 27, 1971

Electro-Optic Light Modulator—J. A.
Castellano (Labs, Pr) U.S. Pat 3,597,044;
August 3, 1971

Photochromic Image Device—W. Phillips
(Labs, Pr) U.S. Pat. 3,598,750; August 10,
1971

Object-Positioning System and Method
—L. A. Rempert (Labs, Pr) US. Pat.
3,598,978; August 10, 1971

Apparatus Including a Wire Tipped Probe
for Testing Semiconductor Wafers—W.
L. Oates (Labs, Pr) U.S. Pat. 3,599,093;
August 10, 1971

Electrostatic Printing System Employing
a Replaceable Cartridge to Provide a
Supply of a Recording Element and
Processing Means Therefor—M. A. Lee-
dom (lLabs, Pr) U.S. Pat. 3,600,083;
August 17, 1971

Decade Counter Employing Logic Cir-
cuits—R. O. Winder (Labs, Pr) U.S. Pat.
3,600,561; August 17, 1971

High Power Avalanche Diode—S. Liu, J.
J. Risko (Labs, Pr) U.S. Pat. 3,600,649;
August 17, 1971

Holographic Storage and Retrieval of
Information—W. J. Hannan (Labs, Pr)
U.S. Pat. 3,631,465; August 24, 1971
Apparatus for Making Annular Holo-
grams—D. L. Greenaway (Labs, Zurich)
U.S. Pat. 3,602,570; August 31, 1971
Color Display for Computer Terminal—
B. J. Lechner (Labs, Pr) U.S. Pat. 3,603,-
962; September 7, 1971

Panel Structure for Matrix Addressed
Displays—G. H. Heilmeier, L. A. Zanoni
(Labs, Pr) U.S. Pat. 3,603,984; September
7, 1971

Radiation-Sensing Device Comprising an
Array of Photodiodes and Switching De-
vices in a Body of Semiconductor Mate-
rial—J. M. Assour (Labs, Pr) U.S. Pat.
3,604,987; September 14, 1971

Fluid Variable Light Deflection—G. W.
Taylor, P. Goldstein (Labs, Pr) U.S. Pat.
3,606,523; September 20, 1971

Multilayer Circuit Board Techniques—R.
J. Ryan (Labs, Pr) U.S. Pat. 3,606,677;
September 21, 1971

Light Deflection System—G. W. Taylor
(Labs, Pr) U.S. Pat. 3,609,004: Septem-
ber 28, 1971

Binary Light Beam Deflector Using
Acoustic Waves—R. D. Lohman, G. A.
Alphonse, W. F. Kosonocky (Labs, Pr)
U.S. Pat. 3,609,009; September 28, 1971

Electro-Optical Iimage Forming System
~W. J. Howarth (Labs, Pr) US. Pat.
3,609,222; September 28, 1971

Pattern Recognizer—I|. H. Sublette (Labs,
Pr) U.S. Pat. 3,609,687; September 28,
1971

Solid State Division

Phase Shift Circuits—L. A. Harwood
(SSD, Som) U.S. Pat. 3,597,639; August
3, 1971

High Current Semiconductor Device Em-
ploying a Zinc-Coated Afuminum Sub-
strate—J. Rivera (SSD, Som) U.S. Pat.
3,597,658; August 3, 1971

Protection Circuit Including a Thyristor
and a Three Terminal Device—J. M. S.
Neilson (SSD, Som) U.S. Pat. 3,600,635;
August 17, 1971

Power Transistor—N. W. Brackelmanns,
J. Ollendort (SSD, Som) U.S. Pat. 3,600,-
646; August 17, 1971

Radial High Frequency Power Transistor
Employing Peripheral Emitter Contact
Ring and High Current Base Contact
Layer—D. S. Jacobson (SSD, Som) U.S.
Pat. 3,602,780; August 31, 1971

Inverter Including Compiementary Tran-
sistors—W. D. Williams, D. A. Moe, C. R.
Turner (SSD, Som) U.S. Pat. 3,602,839;
August 31, 1971

Automatic Chroma Control Circuits—L.
A. Harwood (SED, Som) U.S. Pat. 3,604,-
842; September 14, 1971

Amplitier Circuits—L. A. Harwood, E. J.
Wittmann (SSD, Som) U.S. Pat. 3,604,843;
September 14, 1971

Power Transistor Having Ballasted Emit-
ter Fingers Interdigitated—J. Ollendort,
F. P. Jones (88D, Som) U.S. Pat. 3,609,-
460; September 28, 1971

Aerospace Systems Division

Frequency Synthesizer Having a Plurality
of Cascaded Phase Locked Loops—A.
Orenberg (ASD, Bur!) U.S. Pat. 3,600,699,
August 17, 1971

Communications Systems Division

Color Television Signal-Generating Ap-
paratus—R. A. Dischert (CSD, Camden)
U.S. Pat. 3,601,529; August 24, 1971

Memory System—J. A. Weisbecker (CSD,
Camden) U.S. Pat. 3,601,812; August 24,
1971

Color Television Video Signal Processing
Apparatus—J. J. O'Toole (CSD, Camden)
U.S. Pat. 3,609,224; September 28, 1971

Missile and Surface Radar Division

Keyboard for a Computer or Similar Ar-
ticle—J. T. Kindiey (M&SR, Mrstn) U.S.
Pat. 3,221,951; September 20, 1971

Elimination of Mode Spikes in Microwave
Ferrite Phase Shifters—N. R. Landry
(M&SR, Mrstn) U S. Pat. 3,555,460; June,
1971

Constant Velocity Vector Generator—S.
A. Raciti (M&SR, Mrstn) U.S. Pat. 3,576,-
461: July, 1971

Automatic Impedance Matching Circuits
for Variable Frequency Source—W. |.
Smith (M&SR, Mrstn) U.S. Pat. 3,581,244,
July, 1971

Electromagnetic and Aviation
Systems Division

Clock Pulse Generator—L. R. Motisher,
E. Engel (EASD, Calif) U.S. Pat. 3,609,-
408; September 28, 1971

Constant Time Stroke Generator—R. C.
Vandenheuvel (EASD, Calif) U.S. Pat.
3,609,444; September 28, 1971



Dates and Deadlines

How can you and your manager, leader, or chief-engineer do this for RCA?

As an industry leader, RCA must be well represented in major professional conferences . . . to display
its skills and abilities to both commercial and government interests.

Plan ahead! Watch these columns every issue far advance notices of upcoming meetings and “cails for
papers”. Formulate plans at staff meetings—and select pertinent topics to represent you and your group
professionally. Every engineer and scientist is urged to scan these columas; call attention of impor-
tant meetings to your Technical Publications Administrator (TPA) or your manager. Always work closely
with your TPA who can help with scheduling and supplement contacts between engineers and profes-
sional societies. Inform your TPA whenever you present or publish a paper. These professional accom-
plishments will be cited in the ‘“Pen and Podium’ section of the RCA Engineer, as reported by your TPA.

Calls for papers—be sure deadlines are met.
Deadline
Date Conference Location Sponsors Date Submit To
MAY 7-11, 1972 Int’l Quantum Electronics Queen Elizabeth Hotel, G-ED, G-MTT, 1-10-72 papers B. P. Stoicheff,
Conference Montreal, Quebec, Canada AlIP, OSA University of Toronto,
Toronto, Ontario, Canada
MAY 15-17, 1972 1972 Electronic Components Statler-Hilton Hotel, EIA, IEE 3-1-72 ms Harold Sobol,
Conference Washington, D.C. Program Chairman ECC,
RCA Corporation, David
Sarnoff Research Center,
Princeton, N.J. 08540
MAY 21-24, 1972 IEEE Power Engineering Pittsburgh Hiiton Hotel, IEEE Power 1-7-72 papers E. D. Eich, Anaconda Wire
Society Tech. Conf. on Pittsburgh, Penna. Engrg. Society & Cable Co., Hastings-on
Underground Transmission Hudson, N.Y. 10706
JUNE 19-21, 1972 International Conference on Marriott Motor Hotel, G-ComTech., 1-1-72 ms A. W. Weinrich, App. Info.
Communications Phila., Penna. Phila. Section Ind., 345 New Albandy Rd.,
Moorestown, N.J. 08057
JUNE 19-21, 1972 Int’l Symposium on Fault- Marriott Hotel, |IEEE Computer 12-1-71 papers Gernot Metze, Coor. Sci. Lab.,
Tolerant Computing Boston, Mass. Soc., MIT Univ. of I,
Urbana, IIl. 61801
JUNE 26-28, 1972 AIAA 5th Fluid and Plasma Boston, Mass. AlAA 1-7-72 abst Don Wendling, Directo—
Dynamics Conference Technical Programs, AlAA,
1290 Ave. of the Americas,
New York, N.Y. 10019
JUNE 26-29, 1972 Conference on Precision Nat’l Bur. of Standards, G-IM, NBS, 1-15-72 sum H. S. Boyne, Radio Bldg.,
Electromagnetic Boulder, Colo. USNC/URSI Rm. 4075, NBS, .
Measurements Boulder, Colo. 80302
JULY 4-6, 1972 Conference on Radio Univ. College of Swansea, IERE, IEE. 11-19-71 syn IERE, 8-9 Bedford Sq.,
Receivers and Associated South Wales IEEE UKRI 2-18-72 ms London WC1B 3RG England
Systems Section
JULY 9-14, 1972 |EEE Power Engineering Fairmont Hotel, IEEE Power 2-15-72 ms W. R. Johnson, Pacific Gas
Society Summer Meeting San Francisco, Calif. Engineering & Elec. Co.,
Society 245 Market St., Rm. 1122,
San Francisco, Calif. 84106
JULY 17-19, 1972 AIAA/NAVY Advanced Marine Annapolis, Md. AlAA 12-weeks abst Don Wendling, Director—
Vehicles Meeting before Technical Programs, AlAA,
meeting 1290 Ave. of the Americas,
6-weeks ms New York, N.Y. 10019
before
meeting
AUG. 14-16, 1972 AlAA Guidance and Control Stanford, Calif. AlAA 12-weeks abst Don Wendling, Director—
Conference before Technical Programs, AIAA,
meeting 1290 Ave. of the Americas,
6-weeks ms New York, N.Y. 10019
before
meeting)
AUG. 21-26, 1972 13th International Congress Moscow, USSR 3-15-72 sum Professor G. F. Carrier,
of Theoretical and Applied (5 copies) Pierce Hall, Harvard
Mechanics (500 words) University, Cambridge, Mass.
02138
SEPT. 4-8, 1972 International Broadcasting Grosvenor House, IERE, IEE, IEEE 1-3-72 syn The Secretariat, IBC
Convention London, England UKRI Section et al IEE, Savoy Place, London
W. C. 2R, OBL, England
SEPT. 10-14, 1972 Jt. Power Generation Sheraton Boston Hctel |IEEE Power 4-28-72 ms General Chairman:
Tech. Conference Boston, Mass. Engrg. Soc., G. O. Buffington, Stone &
ASME, ASCE Webster Corp., 225 Franklin
St., Boston, Mass. 02107
SEPT. 11-15, 1972 Conference on Gas London, England |IEE, IEEE UNR! 11-22-71 syn IEE, Savoy Place, Laondon,
Discharges Section. IPPS, W. C. 2R, OBL, England
IERE
SEPT. 26-29, 1972 Conf. on Metering, London, England IEE, IERE. IEEE 3-24-72 syn IEE, Savoy Place, Landon,
Apparatus and Tariffs UKRI Section W. C. 2R, OBL, England
for Electricity Supply
OCT. 10-11, 1972 Conference on Electrical Savoy Place, IEE, IEEE 12-20-71 syn |EE, Savoy Place, London
Variable Speed Drives London, England UKRI Section W. C. 2R, OBL, Engiand
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Dates and Deadlines

Dates of upcoming meetings—plan ahead.

Date Conference Location Sponsors Program Chairman
DEC. 6-7, 1971 Fall Radio Conference on Sheraton-O’Hare Motor Inn. G-BTR, G-ED D. W. Ruby, Zenith Radio Corp.
Broadcast & TV Receivers Chicago, IiI. 6101 W. Dickens Avenue
Chicago, 1. 60639
DEC. 6-9, 1971 Ultrasonics Symposium Carillon Hotel G-SU Herbert Matthews, Sperry Rand Res. Ctr.
Miami Beach, Florida 100 N. Rd., Sudbury, Mass. 01776
DEC. 7-8, 1971 Vehicular Technology Conference Sheraton-Cadillac Hotel G-VT A. E. Marshall, Ford Motor Co.,

DEC. 7-10, 1971

DEC. 10-11, 1971

DEC. 15-17, 1971

DEC. 26-31, 1971

JAN. 17-19, 1972
JAN. 25-27, 1972
JAN. 25-27, 1972
JAN. 30—

FEB. 4, 1972

JAN, 31—
FEB. 3, 1972

FEB. 8-10. 1972

FEB. 14-15, 1972

FEB. 14-16, 1972

FEB. 16-18, 1972

MARCH 1-3, 1972

MARCH 9-14, 1972

MARCH 15-17, 1972

MARCH 20-23, 1972

MARCH 21-23, 1972

MARCH 27-28, 1972

MARCH 27-31, 1972

APRIL 4-6, 1972

APRIL 16-21, 1972

MAY 7-12, 1972

Conference on Applications
of Simulation

AlAA Professional Study

Seminar on The Fluid Physics of
Pollution (second presentation)
conducted by Dr. James A. Fay,
Dr. David P. Hoult, and Dr. John B.
Heywood, Massachusetts Institute
of Technology

Decision and Control Conference
{Including 10th Symp. on Adaptive
Processes)

American Association for
Ad t of Sci Annual
Meeting (2 AIAA Sessions)

AlAA 10th Aerospace Sciences
Meeting

Annual Reliability and Maintainability
Symposium

Symposium on Reliability

Power Engrg. Society Winter
Meeting

Symposium on Information Theory

Aerospace & Elec. Sys. Winter
Convention (WINCON)

Conference on the Psychology of
Technical Communications

AlAA Strategic Offensive/Defensive
Missile Systems Meeting

Int'l Solid State Circuits Conference

Scintillation & Semiconductor
Counter Symposium

Int’l Symposium on High Voltage
Technology

Zurich Integrated Sys. for Speech,
Video & Data Communications

1EEE INTERNATIONAL CONVENTION
(INTERCON)

Int’l Medium Voltage Earthing
Practices

AlAA Man’s Role in Space Conference
2nd Symposium on Meteorological
Observation and Instrumentation
Symp. on Computer-Communications

Networks and Teletraffic

11th SMPTE Technical Conference
and Equipment Exhibit

SPSE Annual Conference

Detroit, Mich.

Waldorf Astoria Hotel,
New York, N.Y.

Philadelphia, Pa.

Americana of Bal Harbour,
Miami Beach, Florida

Philadelphia, Pa.

San Diego, Calif.
San Francisco, Calif.
Sheraton Palace Hotel,

San Francisco, Calif.

Statler Hilton Hotel,
New York, N.Y.

Asilomar Hotel,
Pacific Grove, Calif.

Biltmore Hotel.
Los Angeles, Calif.

Phila., Penna.

Monterey, Calif.

Sheraton Hotel, Univ. of Penna.,
Phila., Penna.

Shoreham Hotel,
Washington, D.C.

Munich, Germany

Fed. Inst. of Tech.,
Zurich, Switzerland

Coliseum & N.Y. Hilton Hotel,
New York, N.Y.

Inst. of Elec. Engrs,,
London, England
Cocoa Beach, Fla.

San Diego

New York. N.Y.

New York Hllton Hotel,
New York, N.Y.

San Francisco Hilton,
San Francisco, Calif.

|IEEE Computer
Soc., G-SMC
et al

AlAA

|IEEE Computer
Soc., G-IT, G-SMC,
Univ. of Florida

AlAA

AlAA

AlAA

G-R, ASQC,
IES

IEEE Power
Engrg. Society
G-IT

G-AES. L.A.
Council

G-EWS

AlAA

SSC Council,
Phila. Section.
Univ. of Penna.

G-NS, USAEC,
NBS

|IEEE Power

Engrg. Society,
VDE

G-AE. IEEE
Computer Soc.,
Switzerland
Sec.. SEV et al

IEEE

IEEE, IEEE, UKRI
Section et al

AlAA
AlAA

PIB, G-Com Tech.,
coop. of Computer
Society

SMPTE

SPSE

23400 Michigan Ave.,
Dearborn, Mich. 48124

Joseph Sussman, MIT,
77 Mass. Ave., Rm. 1-131,
Cambridge, Mzss, 02139

AlAA, 1290 Ave. of the Americas,
New York, N.Y 10019

S. K. Mitter, MIT, Cambridge, Mass. 02139

AlAA, 1290 Ave. of the Americas.
New York, N.Y. 10019

AIAA, 1290 Ave. of the Americas,
New York, N.Y. 10019

AlAA, 1290 Ave. of the Americas.
New York, N.Y. 10019

J. H. Simm, Beckman Inst. Inc.,
2200 Wright Ave., Richmond, Calif. 94804

J. W. Bean, AEP Service Corp.,
2 Broadway, New York, N.Y. 10004

Thomas Kailath, Stanford Univ.,
Palo Alto, Calif. 94305

Gerry Goldenstern, L.A. Council Office,
3600 Wilshire Blvd.,
Los Angeles, Calif. 90010

J. C. Phillips, RCA Bldg.,
2-8, Front & Cooper Sts.,
Camden, N.J. 08102

AlAA, 1290 Ave. of the Americas,
New York, N.Y. 10019

A. V. Brown, T. J. Watson
Res. Ctr., Box 218,
Yorktown Heights, N.Y. 10598

G. L. Miller, Bell Labs.,
Rm. 1D-440, Murray Hill, N.J. 07974

Int’l Symp. on High Voltage
Tech. Hochspannungsinstitut
TU Munchen 8 Munchen 2,
ArcisstraBe 21 Germany

A. E. Bachmann, PTT Res. Lab..
Speichergasse 5, CH-3000 Bern,
Switzerland

J. H. Schumacher, IEEE Hdgs..
345 E. 47th St., New York, N.Y, 10017

|IEE Office, Savoy Place,
London, W. C. 2R OBL Eng.

AlAA, 1290 Ave. of the Americas,
New York, N.Y. 10019

AlAA, 1290 Ave. of the Americas,
New York, N.Y. 10019

|EEE Hdgs., 345 E. 47th St.,
New York, N.Y. 10017

Society of Motien Picture and
Television Engineers, 9 East 41st Street,
New York, N.Y. 10017

Raymond A, Eynard,
Public Relations Chairman, SPSE,
P.O. Box 2001, Teterboro, N.J. 07608




Dr. J. G. Woodward is New President
of Audio Engineering Society

Dr. J. Guy Woodward was installed as
President of the Audio Engineering Soci-
ety at its 41st Convention in New York.
The Society, which is dedicated to ad-
vancing scientific knowledge and applica-
tions in the field of audio engineering and
its allied arts, has a membership of over
5000 in 41 countries.

Dr. Woodward, a Member of the Techni-
cal Staff of RCA Laboratories in Prince-
ton, has been engaged in research on
electroacoustical and recording systems
since joining RCA in 1942,

A Fellow of the Audio Engineering Soci-
ety, he has served on its Board of Gover-
nors and its Editorial Board. In 1968 he
was its Eastern Vice President and Chair-
man of the 35th Convention. In 1970 he
was elected Executive Vice President. Dr.
Woodward was the recipient of the So-
ciety’s Emile Berliner Award in 1968 in
recognition of his research in electro-
acoustical devices, musical acoustics. and
recording systems. Dr. Woodward is a
Fellow of the Acoustical Society of
America and the Institute of Electrical
and Electronics Engineers.

He was graduated from North Central
College, Naperville, Illinots, with the BA
in 1936. He received the MS from Michi-
gan State College in 1939, and the PhD
in Physics from Ohio State University in
1942.

Degrees Granted

Alfred Schroeder receives IEEE award
for contributions to color television

Alfred C. Schroeder received the 1971
Vladimir K. Zworykin Award of the
Institute of Electrical and Electronics
Engineers (IEEE) for his “outstanding
technical contributions to television and
particularly his leadership in the devel-
opment of color television.”

Mr. Schroeder, a Member of the Tech-
nical Staff of RCA Laboratories, started
his televison research in 1937 when he
joined RCA. His work led to the inven-
tion in 1946 of the shadow-mask color tube
utilized in a vast majority of color tele-
vision receivers manufactured throughout
the world. In all, he has received 65 U.S.
Patents for his inventions in television
and allied fields.

After finishing high school in West-
field, N.J., he attended the University of
Berlin during the 1932-33 school year. He
then enrolled in MIT and received the
BSEE and MSEE in 1937,

He has been with RCA Laboratories
since it was established in Princeton in
1942. He has received six RCA Labora-
tories Achievement Awards for his tele-
vision research, and in 1954, he was made
a Fellow of the IEEE. The Society of
Motion Picture and Television Engineers
presented the David Sarnoff Gold Medal
to him in 1965 for his contributions to
television.

B. J. Robbins, SDD, Palm Beach
A. D. Gallagher, MPD, Needham
D. Espinal, MPD, Needham
J. A. Ierardi, MPD, Needham

MBA in Finance, Florida Atlantic Univ., 8/71
.......... MSEE, Northeastern Univ., 6/71
.......... BSEE, Northeastern Univ., 6/71
..... BS-Industrial Technology, Northeastern Univ., 6/71

462

Leverenz elected Life Fellow Member
of Franklin Institute

Humbolt W. Leverenz, Staff Vice Presi-
dent and Chairman, Educational Aid
Committee, was recently elected to Life
Fellow Membership in The Franklin
Institute.

Mr. Leverenz was graduated from Stan-
ford University with the BA in Chemistry
in 1930. He studied physics and chemistry
as an Exchange Fellow of the Institute
of International Education at the Univer-
sity of Muenster, Westphalia, Germany,
in 1930-31. In 1958, he participated in the
Advanced Management Program of Har-
vard University Graduate School of Busi-
ness Administration.

Mr. Leverenz joined RCA in 1931 and
has held several research and manage-
ment positions. He was named to his pres-
ent position in 1968 and was previously
Staff Vice President, Research and Busi-
ness Evaluation, at RCA Laboratories
since June, 1966.

Mr. Leverenz pioneered in the develop-
ment of superior silicate, sulfide, and
selenide-type phosphors for kinescopes
and fluorescent lamps, and has been is-
sued 67 patents for his inventions, includ-
ing the cascade luminescent screen for
radar indicators.

Mr. Leverenz is a Fellow of the American
Physical Society, the Optical Society of
America, the Institute of Electrical and
Electronics Engineers, the American As-
sociation for the Advancement of Science,
and the American Institute of Chemists.
He is a member of the National Academy
of Engineering, the American Chemical
Society, the Swiss Physical Society, the
American Society for Engineering Edu-
cation, Sigma Xi, and Phi Lambda Up-
silon.
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Awards
Missile and Surface Radar Division

The following engineers received Techni-
cal Excellence awards for their perfor-
mance during the second quarter of 1971.
They were cited for their contributions
as follows:

H. Goodrich developed the basic sub-
system and theoretical circuit concepts
for the metered-flux phase-shift drivers
for the MFAR steerable array radar sys-
tem. He provided the technical leadership
during the critical advanced development
phase that led to a successful solid-state
integrated subsystem and a basic phase-
shift driver technology for steerable array
systems.

F. Gorman has been responsible for the
thermal analysis of the temperature con-
trol system that resulted in analytical
proof that the array will be able to oper-
ate in a hot or cold environment.

C. Hughes developed advanced computer
methods of analysis to define and opti-
mize the non-linear MFAR processor for
AEGIS using applicable discrete probabil-
ity theory instead of the more usual gaus-
sian approximation methods. Through
these analyses it has been possible to
define accurately the three-step detection
matched filter and equipment constraints.

H. Inacker developed monolithic circuits
for phase shift drivers on the AEGIS/MFAR
program and KREMS proposal, achieving
higher reliability simultaneously with a
50% cost reduction.

G. Jacobson led the team that developed
a replacement for the AN/FPS-49 radar
front end. When the Air Force ap-
proved RCA’s proposal for an im-
proved version, a contract was awarded
to M&SR to design and install the re-
placement unit on an extremely accel-
erated basis. A profit incentive of
$500/kit/week was established. The team
delivered technically superior kits 63 Kkit-
weeks early, enabling M&SR to collect
the maximum profit incentive of $30K.

W. Mays designed and built a Laser
Range Measurement System (LRMS) for
operation with the AN/FPQ-6 Radar at
Wallops Island, Va. He also integrated
the tracker with the radar. This low-cost
design, subsystem checkout, and radar
installation effort was unusual because
Mr. Mays was the only engineer assigned
to the job. He performed his design task
based on an earlier system study, and re-
quired a minimum of consultation.

G. Ross, in the capacity of Site Team
Leader, installed, checked out, and com-
pleted work at site on the Coherent Signal
Processor for the Point Pillar AN/FPQ-6.
Despite the fact that this unit had to be
shipped in an untested condition due to
the 1970 15-week strike, he corrected all
wiring errors, and performed design
changes as required. His work was in-

strumental in obtaining a high degree of
performance from this equipment.

R. Tomsic carried forward the advanced
development of the MFAR phase shift
driver circuits to the point of a demon-
strated working model of an advanced
steerable array phased antenna subsys-
tem. He advanced the basic system and
circuit concepts of a novel flux metered
driver circuit through a productizing
phase in the form of thirty hybridized
working units using advanced micro-
clectronic and hybrid techniques.

Electromagnetic & Aviation Systems Division

F. W. Coble received the Individual
Award in the Professional Excellence
Program for his outstanding performance
on the THOR Timer program. As Pro-
gram Director, Mr. Coble developed pro-
cedures, located and evaluated materials,
trained support personnel, and brought
the program to a successful conclusion
with a favorable gain variance. Impressed
by the division’s performance on this con-
tract, the USAF is directing all future
THOR Timer work to EASD.

The Professional Excellence Program
Team Award was presented to the
SECANT Hardware Development Team
for their outstanding technical contribu-
tion to this important program. Under
severe schedule restrictions, the team pro-
vided technically excellent hardware that
allowed flight tests originally scheduled
for a two-week duration to be completed
in one week. The equipment design
proved the validity of the correlation tech-
nique theory which is a fundamental con-
cept of the SECANT system, and which
has made RCA a viable competitor in the
collision-avoidance market.

Aviation Equipment Department

Aubrey W. Vose of the RCA Aviation
Equipment Department, Van Nuys, was
presented with the Airline Avionics Insti-
tute Outstanding Achievement Award for
1971 at the summer general session of the
ARINC Airline Electronics Engineering
Committee (AEEC) at Kansas City, Mo.

Communications Systems Division

Robert E. Holston of Communications
Equipment Engineering, Government
Communications Systems, received a
Technical Excellence Award for his par-
ticipation in the LCRU program. Mr.
Holston has been the lead mechanical
engineer on the Lunar Communications
Relay Unit. He participated in the orig-
inal proposal effort to NASA, supplying
concepts for the LCRU design and an-
tenna assemblies which contributed ma-
terially to the acceptance of RCA as a
contractor for the LCRU. He was respon-
sible for the detailed packaging and
structural design of the LCRU to meet
the lunar environment and coordinated
and directed the mechanical design for
the other items of the LCRU subsystems.

Licensed Professional Engineers

When you receive a professional license,
send your name, PE number (and state
in which registered), RCA division, loca-
tion, and telephone number to: RCA
Engineer, Bidg. 2-8, RCA, Camden, N.J.
As new inputs are received they will be
published.

Consumer Electronics

L. A. Cochran, CE, Indianapolis, Ind.
PE-14208; Ind.

J. A. Yongue, CE, Indianapolis. Ind.
PE-14201; Ind.

Systems Development Division

W. Rolke, SDD, Marlboro, Mass., PE-
24858; Mass.

Astro-Electronics Division

W. Cable, AED, Princeton, N.J., PE-
18814; N.J.
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Sarnoff reports on third-quarter operations

RCA’s continuing operations registered
an overall advance during the third quar-
ter of 1971, but an extraordinary charge
of $250 million related to the company’s
withdrawal from the general purpose
computer field produced a net loss for
the period and for the first nine months
of the year, Chairman Robert W. Sarnoff
has announced.

During the quarter, RCA earnings from
continuing operations, exclusive of the
extraordinary charge, were $28.5 million,
up 52 percent over the strike-affected
third quarter of 1970. Sales were a record
$872 million compared to $818 million
a year ago.

In the first nine months, RCA earnings
from continuing operations, exclusive of
the extraordinary charge, were $96.7 mil-
lion, compared to $63.4 million a year
earlier. Sales reached a record $2.56 bil-
lion, compared to $2.39 billion in 1970.

Losses from operations being discontin-
ued were $9.6 million on revenues of
$60 million for the third quarter and
$34.5 million on revenues of $182 million
for the first nine months of 1971. After
inclusion of the extraordinary charge,
RCA had a net loss of $231.1 million for
the third quarter, and $187.8 million for
the first nine months of 1971.

On September 17, Mr. Sarnoff announced
RCA’s decision to withdraw from the

general purpose computer field and to
concentrate its computer efforts'in spe-
cialized data communications systems
and in the servicing of computers through
an expanding third-party maintenance
program.

At that time, he said preliminary esti-
mates indicated there would be an ex-
traordinary one-time charge for 1971 that
could reach $250 million after tax, plac-
ing RCA in a substantial loss position
this year. However, he said no material
adverse effects from this action are an-
ticipated in future years.

“In recent weeks,” Mr. Sarnoff said,
“RCA’s management has had preliminary
discussions with a number of firms con-
cerning the possible sale of all or parts of
our general purpose computer business.
These discussions are continuing, and we
intend to pursue every possibility in this
area.

“At the same time, RCA representatives
have met with our computer customers
and assured them of our intention to ful-
fill all contractual commitments to them.
A substantial majority of our customers
have indicated a desire to continue with
their present RCA equipment.”

Mr. Sarnoff said plans were being devel-
oped rapidly for implementation of the
reoriented computer program, which was
unanimously endorsed by the RCA Board
of Directors on September 17.

“We are moving aggressively to reduce
costs in the Computer Systems Division
and to assist affected employees in job
relocation either within or outside the
company” he added. Mr. Sarnoff reaf-
firmed that “a greatly strengthened” RCA
would result from the computer decision.

Turning to other operations, the RCA
Chief Executive Office noted a substan-
tial pick-up in color television set sales in
the third quarter, as RCA continued its
traditional industry leadership. He said
there had been good acceptance of RCA’s
new solid-state color line by distributors
and dealers.

Among RCA’s subsidiaries, Mr. Sarnoff
reported improved operating revenues by
Global Communications, the Hertz Cor-
poration, Random House, Banquet Foods,
and Coronet Industries.

Electronic Components and RCA Rec-
ords also showed improved third-quarter
sales, as did RCA’s government business
as a result of billings on previously
booked contracts. Current government
bookings were also up.

NBC sales were below the same 1970
period, reflecting the loss of cigarette ad-
vertising, lagging commitments by major
advertisers, and softness in sales at the
local station level. Operating results in
RCA’s solid state business continued to
be adversely affected by severe price com-
petition within the industry and by gen-
eral economic conditions.

EASD develops advanced drum
memory system for Navy

A lightweight, high-capacity drum mem-
ory system has been developed and
qualified to military specifications (MIL-
E-5400) by RCA for an advanced antisub-
marine-warfare-aircraft development and
experimentation program. The system
was developed by the Electromagnetic
and Aviation Systems Division of G&CS,
Van Nuys, Calif., for the U.S. Navy. The
drum memory system stores 8.8-million
bits of data in one cubic foot of space. It
has a data transfer rate of 3.8 MHz and
an access time of 9.1 milliseconds. The
large storage capability of the small-
volume drum results from a unique form
of phase modulation pioneered by RCA.
The technique reduces error rates while
permitting packing densities in excess of
2,000 bits per inch.

Special proprietary design techniques
also reduce weight of the drum rotor to
approximately two pounds. Along with
other construction features, this enables
the drum to function in rugged environ-
ments associated with airborne, seago-
ing, and land-based military applications.

Versions of the drum memory system
also are being produced for the Army’s
Tacfire system and the Navy’s Message
Processing and Distribution System.

New York and Tokyo linked by Datel

International Datel service which permits
businessmen in the United States and
abroad to exchange computer data on a
call-up basis was inaugurated recently
between New York and Tokyo. The new
service was opened by RCA Global Com-
munications, Inc. in conjunction with
Kokusai Denshin Denwa Co., Ltd.
(KDD), Japan’s international communi-
cations carrier. Japan now joins overseas
points in Europe, the Pacific, and the
Caribbean which use Datel service.

Datel is designed particularly for those
businesses which have moderate amounts
of data to exchange with computers
abroad but which cannot economically
utilize a full-time dedicated circuit.

The New York and Tokyo Datel circuit,
operating at speeds up to 1200 bits per
second, is available around the clock and
also offers subscribers other service op-
tions when not being used for data com-
munications.

Subscribers pay for Tokyo-bound Datel
calls at $4 a minute on a use-basis in one
minute increments with a three-minute
minimum. The Datel unit comes equipped
with a handset that provides voice con-
trol when initiating and completing a
Datel exchange.

In the United States, RCA Globcom pro-
vides direct Datel service for subscribers
in the gateway cities of New York, Wash-
ington and San Francisco. For users out-
side the gateway cities, Datel is available
to subscribers of Western Union’s Broad-
band Exchange Service who dial RCA
numbers and reach their overseas com-
puter destination through the interna-
tional facilities of RCA Globcom.

RCA to study vehicle-monitoring
system for Army

Aerospace Systems Division, Burlington,
Mass. has received a $100,000 coniract
from the U.S. Army to study the feasi-
bility of designing a monitoring system
for military vehicles. The study will in-
vestigate a cost-effective system with the
capability of alerting a driver to such
malfunctions as low coolant or oil levels,
and carburetor, electrical system,or brake
inadequacies.

Under terms of the contract, ASD will
provide the Army with a report on se-
lected technical approaches and with
demonstration systems installed in Army
14-ton and 2V5-ton trucks.

The eight-month study contract was
awarded to RCA by the U.S. Army Tank
Automotive Command, Warren, Mich.
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Promotions

RCA Service Company

R. M. Haggerty from Installation & Modi-
fication Engr. to Mgr., Command Control
Stations (W. E. Grundy, Atlantic Fleet
Weapons Range—Puerto Rico)

W. R. Slye from Engr. to Ldr., Engineers
(J. A. Haik, NASA/STADAN Project
Lanham, Maryland)

Government and Commercial Systems

J. S. Griffin from Ldr., Des. & Dev. Engr.
to Mgr., Rec. Equip. Projs. (F. D Kell,
Recording & Television Equipment, Cam-
den)

Astro-Electronics Division

R. Gottlieb from Adm. Mfg. Sys. Develop.
to Mgr., Production & Material Control
(M. Sasso, Mfg. Opers., Hightstown)

Staff Announcements
Missile and Surface Radar Division

Dudley M. Cottler, Chief Engineer of
RCA'’s Missile and Surface Radar Divi-
sion, Moorestown, N.]. has announced
the appointment of Dr. Samuel J. Rabino-
witz as Manager, Systems Engineering.

Astro-Electronics Division

C. S. Constantino, Division Vice Presi-
dent and General Manager of Astro-
Electronics Division, Princeton, N.J. has
announced the appointment of John Bon-
ing as Manager, Advanced Programs Re-
quirements.

Aviation Equipment Department

Joseph F. McCaddon, Division Vice Presi-
dent, RCA Aviation Equipment Depart-
ment, Van Nuys, California has announced
the appointment of Thomas H. Devlin as
Manager, Avionic Systems Engineering.

ATL developing micro-computer

Under a $587,000 contract from NASA,
Advanced Technology Laboratories of
Government and Commercial Systems is
developing a test model of a micropro-
cessor that could be the forerunner of a
small, light computer system for use in
future manned and unmanned space ve-
hicles such as the Space Shuttle and the
Earth Orbiting Space Station.

The heart of the computer will be 15
large-scale integrated (LSI) arrays—one-
eighth-inch square chips each containing
up to 600 electronic elements. Although
the computer will weigh just 10 pounds,
occupy one-half cubic foot, and require
only 15 watts, it will be capable of pro-
cessing functions equivalent to room-size
commercial computers.

The system, called the Spaceborne Ultra-
reliable Modular Computer (SUMC),
also can be expanded in segments to
meet data processing requirements of a

wide variety of space missions during the
1975-85 time period.

The large-scale-integrated CMOS array
chips to be used in the SUMC will be
designed, manufactured, and tested with
RCA’s computerized design automation
system (see page 10 of this issue). The
system makes a possible major savings
in time and costs and improvements in
reliability.

The SUMC demonstration model will be
a 16-bit word length, fixed-point machine.
However, expansion capabilities provide
for a full 32-bit, floating point design. It
will have an operational speed of 100,
000 operations-per-second. Semiconduc-
tor memories will be employed for
micro-program read-only memory and
scratch-pad memories.

Beyond its uses in spacecraft, the SUMC
also could find wide applications in test
equipment, communications, navigation,
and other areas of industry and military
data processing.
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élea;\o; Mf:Elwee is TPA for éolid
State Division

Eleanor M. McElwee has been appointed
Technical Publications. Administrator for
the Solid State Division at Somerville,
N.J. In this capacity, Miss McElwee will
be responsible for the review and ap-
proval of technical papers; for coordi-
nating the technical reporting program;
and for promoting the preparation of
papers for the RCA Engineer and other’
journals, both internal and external.

Miss McElwee is presently Manager,
Solid-State Power Devices Commercial
Engineering, at RCA, Somerville, N.J.
She received the BA in English and Math-
ematics from Ladycliff College, Highland
Falls, N.Y., in 1944, and has taken addi-
tional courses at the Cooper Union Eve-
ning School of Engineering, the Technical
Publications Center of Fordham Univer-
sity, and the Graduate School of Business
Administration of New York University.
She worked for Western Electric as an
assistant engineer of manufacture from
1944 to 1947, for Sylvania as a test engi-
neer and technical editor from 1947 to
1951, and has been with RCA since 1951
working on engineering papers, technical
manuals, data sheets, and brochures. She
is a Senior Member of IEEE, and was
one of the organizers of Group on Engi-
neering Writing and Speech (now Pro-
fessional Communications). She served
on the Administrative Committee from
1957 to 1965, and was Secretary from
1957 to 1964 and from 1967 to 1968. She
has taught courses in technical report
writing and editing at Fordham Univer-
sity and at RCA, and has had several
papers published in IEEE and other
journals.

Assistance with Patent Disclosures
at M&SR

D. M. Cottler, Chief Engineer, Missile
and Surface Radar Division, recently an-
nounced that one of the programs setup
by the Chief Engineer’s Technical Excel-
lence Committee (CETEC) will make it
easier for M&SR engineers to file Patent
Disclosures. Through CETEC, RCA Pat-
ent Operations is making available the
services of a patent attorney in Moores-
town on a regular schedule.



Editorial Representatives

The Editorial Representative in your group is the one you should contact in scheduling
technical papers and announcements of your professional activities.

Government and Commercial Systems

Aerospace Systems Division Engineering, Burlington, Mass.
. ;Ieclromagnet_ic_ a_nd Engineering, Van Nuys, Calif.
Aviation Systems Division Engineering, Van Nuys, Calif.
Astro-Electronics Division Engineering, Princeton, N.J.
Advanced Development and Research, Princeton, N.J.
Missile & Surface Radar Division Engineering, Moorestown, N.J.
Government Engineering Advanced Technology Laboratories, Camden, N.J.

Defense Microelectronics, Somerville, N.J.
Advanced Technology Laboratories, Camden, N.J.
Central Engineering, Camden, N.J.

Government Plans and Engineering Information and Communications, Camden, N.J.
Systems Development

Communications Systems Division

Commerciai Systems Chairman, Editorial Board, Camden, N.J.
Mobile Communications Engineering, Meadow Lands, Pa.
Professional Electronic Systems, Burbank, Calif.
Studio, Recording, & Scientic Equip. Engineering, Camden, N.J.
Broadcast Transmitter & Antenna Eng., Gibbsboro, N.J.

Government Communications Systems Engineering, Camden, N.J.
Computer Systems
Systems Development Division Palm Beach Product Laboratory, Paim Beach Gardens, Fla.

Marlboro Product Laboratory, Marlboro, Mass.
Systems Programming Product Laboratory, Riverton, N.J.

Data Processing Division Service Dept., Cherry Hill, N.J.
Magnetic Products Division Development, Indianapolis, Ind.
Memory Products Division Engineering, Needham, Mass.

Graphic Systems, Dayton, N.J.
Research and Engineering

Laboratories Research, Princeton, N.J.
Electronic Components Chairman, Editorial Board, Harrison, N.J.
Entertainment Tube Division Receiving Tube Operations, Woodbridge, N.J.

Receiving Tube Operations. Cincinnati, Ohio
Television Picture Tube Operations, Marion, ind.
Television Picture Tube Operations, Lancaster, Pa.

Industrial Tube Division tndustrial Tube Operations. Lancaster, Pa.
Microwave Tube Operations, Harrison, N.J.
Solid State Division Manager, Solid State Power Devices, Somerville, N.J.

Solid State Power Device Engrg., Somervilte, N.J.
Semiconductor and Conversion Tube Operations, Mountaintop, Pa
Semiconductor Operations, Findlay, Ohio
Solid State Signal Device Engrg., Somervitte, N.J.

Consumer Electronics Chairman, Editorial Board, Indianapolis, Ind.
Engineering, Indianapolis, Ind.
Radio Engineering, Indianapolis, ind.
‘ Advanced Development, Indianapolis, ind.
Black and White TV Engineering, indianapolis, ind.
Ceramic Circuits Engineering, Rockville, Ind.
Cotor TV Engineering, Indianapolis, Ind.
Engineering, RCA Taiwan Ltd., Taipei, Taiwan

Services
RCA Service Company Consumer Products Service Dept., Cherry Hill, N.J.
Consumer Products Administration, Cherry Hill, N.J.
Tech. Products, Adm. & Tech. Support, Cherry Hili, N.J.
Missite Test Project, Cape Kennedy, Fla.
RCA Global Communications, Inc. RCA Global Communications, Inc.. New York, N.Y.
RCA Alaska Communications, {nc., Anchorage, Alaska
National Broadcasting Company, Inc. Staft Eng., New York, N.Y.
RCA Records Record Eng., Indianapotis, Ind.
. RCA International Division New York, N.Y.
RCA Ltd. Research & Eng., Montreal, Canada
Patents and Licensing Staff Services, Princeton, N.J.

* Technical Publication Administrators listed above are
responsible for review and approval of
papers and presentations.
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