


Cover photograph © 1984 Dave Repp

Manufacturing is massive and dynamic.
Our cover shows assembly line 10 at Bloomington,
Indiana, where the RCA 19 -inch color television set
is assembled. The woman in the foreground stands
at the beginning of the line, which stretches into
the distance. She is putting the receiver chassis
into the set. Other operations down the line include
installation of a tuner assembly and keyboard
assembly. Behind the photographer, an elevator
delivers product from the lower level, where the
picture tube and the cabinet are assembled before
they go to line 10. Tickets attached to the sets
allow manufacturing specialists to check
performance data and permit troubleshooting. A
daily computer tabulation is kept and cross-
referenced by set serial number.

Jim Chrena, Administrator, Technical Training,
Bloomington, and a photographer himself, spent
the lion's share of time directing events that led to
this issue's cover. Ben Borman, RCA Consumer
Electronics Division Vice -President,
Manufacturing, contributed the back cover photos.
In addition, CE Editorial Representative Larry
Olson, along with CE's Jack Drake, Len Schneider,
Frank McCann, Judy Fleming, Malcolm Cobb
contributed time, ideas, and photographs that
helped us present this array of CE
manufacturing images. Our thanks also to Frida
Schubert, New York, for her assistance.

-MRS
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J.L. Miller

I

Innovative manufacturing
means higher quality, lower cost
In journals as well as at current manufacturing, engineering, or
business meetings, increasing interest is centered on the status of
manufacturing in this country as compared with other societies.

The challenge is to produce goods of ever higher quality at ever
lower cost. Innovative manufacturing approaches are necessary to
maintain a competitive position in established products. In view of
the complexity, tight tolerances, and small dimensions required for
future products, this requirement becomes even more important.
Increasingly the determining factor in new -product success is the
ability to manufacture that product effectively.

Many U.S. companies making a variety of products, from automobiles
to semiconductors, are implementing significant changes in their
operations. The pattern that constantly emerges is a need for close
cooperation and interaction among departments. Major changes in
one segment without complementary changes in others will produce
low or sometimes negative returns. Therefore, such factors as design
for assembly, automatic assembly and test, statistical process
control, factory information systems, Just -In -Time materials, and
RCA/vendor interaction all become key and complementary to major
improvements in manufacturing.

RCA has been at the forefront of new -product innovation and
development for years. To maintain a leadership position, technical
resources are increasingly being directed to the development of
advanced manufacturing systems. The establishment of a
Manufacturing and Materials Research organization at the David
Sarnoff Research Center and the formation of advanced
manufacturing efforts at division satellite laboratories attest to RCA
recognition of these needs.

This issue of the RCA Engineer touches on some of the
developments aimed at manufacturing improvement.

James L. Miller
Staff Vice -President,
Manufacturing and Materials Research,
RCA Laboratories
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in this issue ...
manufacturing

 Cobb: "Research has shown . . . that assembly costs are
fundamentally established in product design."

 Aceti/Carroll: "This project would become the first large -volume
robotic assembly system within RCA."

 Baldo: "This paper describes the research that established the robot
as a development tool, and includes a brief discussion on its production
line implementation as a major goal."

 Bennett, et al.: "The incorporation of statistical process control in the
manufacturing operation has generated a better understanding of what
makes the product work."

 Coleman/Stein: "The activities and benefits described here are but a
fraction of the successful work using statistical production engineering
techniques carried out by the people at RCA's VideoDisc cartridge
plant."

 Gaylord: "A Factory Information System (FIS) is used to collect data,
convert it to information, and communicate the information to people so
they can use it to make decisions."
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 Platt: "Production control need only make a small change to its view
of manufacturing in order to take advantage of the cycletime-enforcing
mechanism in an Aggregate Inventory Management system."

 Hakala/Wierschke: "Contaminant control has to be approached as if
the part were a large semiconductor circuit wafer rather than a
modified audio stamper."

 Kleppinger: "The use of a laser -defect scanner to detect particles on
silicon wafers has brought a new dimension to the evaluation of LSI
process and equipment."

 Gale/Covey: "With some knowledge of the geometry under study,
dimensional information well below the classical resolution limit can
often be obtained . . . ."

 Doerschuk/Moscony/Weber: "For very high resolution masks, a
novel etch -tank modification is used . . . ."

 Arnold: "The management believed that there were real rewards to
be gathered if RCA could release the quality and productivity ideas that
we were confident were present in the workforce."

 Alexander/Riggs: "Just -in -Time prescribes no single methodology
or technique."

 Hotmire: "An effective and efficient method of handling the large
amount of variable measurement data . . . has been determined."
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M.F. Cobb

Design -for -assembly
is the key to increased productivity

A new software system provides the design engineer with an
effective method for incorporating into the product design the
requirements for efficient assembly.

In our society, manufacturing is the major
contributor to the wealth -producing activi-
ties that establish our standard of living.
Recently, other countries seeking to raise
their standard of living have begun to effec-
tively compete with the U.S. in a world
market. Studies of these new competitors
show that manufacturing productivity is a
key indicator of a nation's ability to com-
pete.

Historically, productivity has been in -

Abstract: In a competitive market such
as consumer electronics, companies can no
longer afford the lost profit opportunities
and low productivity resulting from rede-
sign cycles required to correct assembly
problems. Research has shown that 70
percent of the product's cost is determined
during design and only 20 percent during
actual production. In other words, to
achieve maximum productivity, design and
manufacturing must be considered as one
continuous process. The task then is to
blend advanced technology-and the crea-
tive efforts of the design and manufactur-
ing engineer-into the new product, with-
out sacrificing time to market To assist in
this effort, a system called "Design for
Assembly" or "UMASS" has been devel-
oped by Dr. G. Boothroyd and his asso-
ciates from the University of Massachu-
setts, in collaboration with the University
of Salford Industrial Center in England
This paper is a brief discussion of this
"Design for Assembly" system.

©1984 RCA Corporation
Final manuscript received January 17, 1984.
Reprint RE -29-2-1

creased through innovation, price increases,
and large investments in capital equipment;
however, in recent years, increased compe-
tition has limited price increases, and higher
interest rates have diminished returns from
capital. The most innovative product with
the most up-to-date manufacturing methods
will not attain its profit goals if it cannot
be efficiently manufactured.

Many companies, recognizing the dimin-
ishing returns of conventional productivi-
ty -improvement remedies, have placed
greater emphasis on the study of assembly.
Traditionally, assembly problems have been
regarded as product oriented, to be solved
during the production process. Research
has shown, however, that assembly costs
are fundamentally established in product
design.

In general, the ease with which a pro-
duct is assembled is dependent upon com-
munication between design engineers (in
different disciplines) and manufacturing. In-
effective communication, absence of guide-
lines, and the design engineers' lack of
manufacturing experience can create serious
manufacturing problems. As a result, pro-
ductivity suffers and profit goals are compro-
mised.

In an attempt to eliminate these prob-
lems within the VideoDisc player, RCA
Consumer Electronics' Manufacturing Tech-
nology was given the responsibility of work-
ing in concert with Design to provide infor-
mation that would result in a player that
would:

 Provide the necessary function at the
lowest cost;

 Be compatible with the manufactur-
ing system;

 Assemble easily; and

 Achieve high "first -pass" yields
through manufacturing.

To achieve these goals, everyone in-
volved needed to know the requirements
for effective assembly early in the design
cycle. However, because of the vast amount
of information involved in manufacturing,
it was difficult to develop comprehensive
assembly guidelines for design. Conse-
quently, an inordinate amount of time could
be spent in meetings defining assembly
requirements on a part -by -part, assembly -
by -assembly basis.

The "Design for Assembly" program

During this time, we became aware of a
system called "Design for Assembly," or
"UMASS," developed by Dr. G. Boothroyd
at the University of Massachusetts under a
grant from the National Science Founda-
tion. "Design for Assembly" is the result
of approximately 15 years of research at
the University of Massachusetts, in con-
junction with the University of Salford in
England. Recently, the UMASS system
has been developed into a series of six
interactive microcomputer software pro-
grams compatible with the IBM Personal
Computer in a 128K configuration. Before
getting into the actual details of the sys-
tem, I would like to relate a recent exam-
ple as an illustration of the system's poten-
tial value.

4 RCA Engineer  29-2  Mar./Apr. 1984



ASSEMBLY EFFICIENCIES, X 3 22

BORK-

STATIONS

MANUAL

TOTAL

2

9

5

5

HANDLING, INS'S ETC. 35.06 36.94

COSTS PER

BASIC MACHINE 12.6 7

ASSEMBLY

OPERATOR & SUPERVISOR 20 -

(CENTS)

TOTALS 67.66 43.94

TOTAL ASSEMBLY TIME, S 92.35

Fig. 1. Arm -drive gear assembly and related UMASS analysis summary. Failure to
achieve the theoretical minimum number of parts is the main determinant for
further analysis.

SHAPED 1131E
REQlsoEs PART -
CRIENTATICN

INSUFFICIENT CIFARANCE
FOR STRAIGHT LINE
INSERTION OF THE

POTENTIOMETER ASSEMBLY

,L
(SG

AUTCMATIC

ASSEMBLY

?MAL
ASSEMLY

NAMELY 3 26EFFICIENCIES, X

WORK-

STATIONS

MANUAL

TOTAL

1

8

4

4

BANTLING, INS'S ETC. 24.12 27.94

COSTS PER

BASIC MACHINE 11.2 5.6

ASSIDIRLY

OPERATOR & SUPERVISOR 20 -

(CENTS)

MEALS 55.32 33.54

TOTAL MUMMY TIME, S 69.85

Fig. 2. Gear assembly as released to production, incorporating some UMASS
recommendations that reduced assembly time by 22 seconds, but did not achieve
the theoretical minimum parts count.

Design for assembly and robotics
During the development of the 1983 Video -
Disc player, the arm drive (Fig. 1) was
identified as a mechanism having high po-
tential for assembly by robotics. To enable
the robot to achieve the desired output,
engineers from Manufacturing Technology,
Product Design, and RCA Laboratories,
made several recommendations for simpli-
fying the assembly. Figure 2 is the assem-
bly as released to production, incorporat-
ing a few of the recommendations. The
changes eliminated two retainers and sub-
stituted a push -on nut in place of the third

retainer, resulting in major improvements
in the ease of assembly. These studies and
recommendations required approximately
300 person hours and $6,000.00 in tooling
costs.

To evaluate the "Design for Assembly"
system, we requested Dr. Boothroyd's analy-
sis of the arm drive assembly (Fig. 1). The
results were impressive. Dr. Boothroyd's
recommendations closely paralleled our pre-
vious studies, but required only 12 hours,
instead of 300 hours. Further, if either
study had been performed at the design -
concept stage, the $6,000.00 die cast tool,

NUMBER OF DIFFERM OFERATICIE 9

TOTAL NUMBER OF PARTS 10
IHEORETICAL MINIMUM PARTS 9

REQUIRED ASSEMBLY RATE 3

and related ECN and print change costs
would not have been required.

Accompanying Dr. Boothroyd's recom-
mendations was a software analysis and
summary of results. This summary, with
its assignment of relative measurements to
design parameters, amplifies the value of
the "Design for Assembly" system.

The analysis summaries shown with the
assembly drawings can be used to com-
pare design alternatives. They provide direc-
tion for achieving the lowest -cost assem-
bly. Figure 3 is the gear assembly modified
using the suggestions and recommendations

Cobb: Design -for -assembly is the key to increased productivity 5
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Fig.3. Recommended gear assembly achieving a stackable assembly and the
theoretical minimum number of parts. The parts count was reduced by three and
assembly time was reduced by 58 seconds.

within the design -for -assembly guidelines.
For all studies, the lever and potentiom-
eter were considered as pre -assembled. Com-
bining the three summaries in Fig. 4 illus-
trates the potential value that can be
achieved by simplifying the assembly and
eliminating parts. The savings shown are
significant and achievable. These savings,
if initiated in the original design, could be
realized without capital investment, and
without pilot runs, prototypes, or time-
consuming group discussions.

Use of the system
This is not meant to imply that the soft-
ware is creative. Rather, it is an easy -to -

use interactive system that forces the design-
ers to systematically review and consider
each part in an assembly as to need, geo-
metric relationship, ease of handling, and
method of assembly. By assigning relative
quantified values to criteria such as design
efficiency, assembly time, and the theoreti-
cal minimum number of parts, the system
provides direction to improve assembly and
shows the relationship between a product's
ease of assembly and its cost. In this sense,
the software encourages the designer to be
as creative as possible in examining the
best options.

The six software programs are indepen-
dent and can be used in any sequence;
however, the procedure illustrated below

FUSER OF DIFFERENT OPERATIONS 8

TOTAL NUMBER OF PARIS - 9

THEORETICAL MINDIE PARIS 9

REQUIRED ASSEMBLY RATE - 3

is possibly the most time efficient:

Tips & practice

 Become familiar with design alternatives

Design for automatic assembly

 Achieve discrete part reduction
 Achieve layered assembly
 Simplify part mating to require the few-

est degrees of part rotation

 Provide part locators to reduce assembly
time

No.
parts

Manual
assembly

efficiency (%)

Arm drive 1
Gears retained with 3 snap retainers

Arm drive 2
Gears retained with (1) locknut

Arm drive 3
3rd reduction designed for snap -on

Pot gear redesigned to eliminate end -to -end
orientation

Mounting bracket cutout enlarged to allow
perpendicular insertion of the lever &
pot assembly

Changed sequence of assembly loading pushnut
into fixture first-achieving a stackable assembly

12

10

22

26

52

Assembly
time
(sec)

Relative
% cost

reduction

Increase
pieces/

hour
Productivity

(%)

92.35 BASE 40 BASE

69.85 24 52 + 30

34.43 63 105 +162

Fig. 4. Comparison of the three summaries, illustrating the main factors relating to
reduced product cost and showing a potential gain in productivity of 162 percent.
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Assembly system economics

 Test the assembly to determine the most
economical method of manufacturing

Either design for manual assembly . . .

 Optimize part geometry for manual assem-
bly

Or design for automatic handling . . .

 Optimize part geometry for feeder design
 Estimate cost of automatic part -handling

equipment

 Estimate cost of part -insertion equipment

1

Machine simulation

 Evaluate the effect of part quality on
machine downtime

 Determine optimum buffer size
 Determine optimum number of support

operators

In this program, the user is provided tips
to assist in assessing the features of indi-
vidual parts for automatic handling. In
addition, sample parts with a variety of
geometric shapes for which part -handling
codes have been determined are displayed.
The user is then tested for selection of sig-
nificant feature determination and part -size
envelope. A pass/fail grade is displayed at
the end of each attempt. This testing and
prompt feedback assists the user in gaining
familiarity and confidence with the method-
ology used in the "Design for Automatic
Assembly" program.

Design for Automatic Assembly

This is the main program to be used for
optimizing a product for manufacturing.
The actual procedure for analyzing a prod-
uct is relatively straightforward, as all inputs
are the result of prompt statements and
interactive screen displays. The flow chart
(box) illustrates the procedure, and high-
lights the important elements in each step.

During execution, the program will deter-
mine for each part its general fastening
method, geometric part relationship to inser-
tion axis, physical size, envelope shape,
amount of symmetry or asymmetry, poten-
tial handling or feeding problems, and poten-

O
Modify
design

O
Preparations

O
Determine

disassembly
sequence

O
Determine
handling

parameters

O
Determine

attachment
method

O
Evaluate

attachment or
assembly problems

O
Determine

theoretical min.
number of parts

O

"UMASS" design for
automatic assembly procedure

0 Concept drawings, final drawings, assem-
bly drawings, sample parts. exploded three-
dimensional views, and if possible,
prototype

Determine disassembly sequence, and
enter the part names and number of parts
in their sequence of disassembly

0 Evaluate each part geometrically for:
(a)
(b)
(c)

Handling
Feeding
Orienting

0 Determine method
(a)
(b)
(c)
(d)
(e)

of attachment:

Screwing
Riveting
Snap fit
Bending or crimp
Bulk deformation

0 Evaluate each part attachment or fastening
method for assembly insertion problems
due to:

(a) Alignment
(b) Obstructions
(c) Nonlinear motion during insertion
(d) Resistance to insertion

0 Determine theoretical minimum number of
parts. Parts should be combined unless:

(a) They move during the assembly
operation

(b) A different material is required
(c) They are required for assembly of

other parts

0 Review and evaluate results printout for:
(a) Cost
(b) Minimum number of parts
(c) Assembly efficiency

0 Use subprograms as necessary
(a) Part design for automatic handling
(b) Provide part locators
(c) Quantity of parts reduction

Cobb: Design -for -assembly is the key to increased productivity 7



Table I. Basic assembly systems description.

Code Description

MA Manual assembly using an in -line free -transfer machine with one buffer space
between each manual work station.

MM System MA, with mechanical assistance provided for the operators in the form,
for example, of parts presentation devices.

Al Indexing of synchronous automatic assembly machine; a rotary machine with
six or fewer work stations, otherwise an in -line machine.

AF In -line free -transfer or nonsynchronous automatic assembly machine with
optimum buffer storage space for work carriers between each work station.

AP In -line free -transfer or nonsynchronous assembly machine with robot work
stations and parts presented in hand -loaded magazines; the number of work
stations and the number of parts assembled at each station determined by the
required assembly rate; the complexity of robots (three to six degrees of free-
dom) determined by the number of operations to be carried out by each robot.

AR Two robot arms, each with six degrees of freedom sharing one work fixture;
the parts presented in hand loaded magazines.

tial insertion problems due to obstructions
or nonlinear assembly motions. From this
information, the program determines rela-
tive values for assembly time, equipment
cost for automatic and manual assembly,
design efficiency, and the theoretical min-
imum number of parts.

The unique program capability to pre-
dict a theoretical minimum number ofparts
for a design is an important part of the
UMASS system. Following considerable
study, the approach adopted was that sepa-
rate parts should be combined into one
part, unless one of the following criteria
are met:

1. Because the part moves during the oper-
ation of the assembly, and the move -

10

. 2 -

ment cannot be achieved through a
combination of parts in a flexible mate-
rial.

2. Because a different material is required
or because the part must be isolated for
insulation purposes, and so on.

3. Because the part must be disassembled
or because it must be separate to allow
assembly of other parts.

It is important at this point in the program
that the designer not be concerned with
technical feasibility, but with identifying
potential parts for elimination. For exam-
ple, referring to Fig. 1, the three gear retain-
ers are not justified by any of the three
criteria and therefore should be eliminated.

VOLUME

I I 1

I I 1 I 1

! A

11 .02 .04 .1 .2 .4 1 2 4 10
 M=Manual A=Special-purpose automatic
R=Robots U=Universal assembly centers

Strike any key for menu
Fig. 5. Plot, relating assembly cost to assembly systems, that considers factors of
volume, parts quality, economic climate, and the number of parts, style variations,
and design changes.

Whether or not the parts are eliminated
will depend on the creativity of the engi-
neer.

The theoretical number of parts is then
combined with values derived for discrete
part assembly time and a comparable ideal
part assembly time, to determine the design
efficiency of the assembly. This efficiency
is given as a relative value, reflecting how
effectively an assembly has achieved the
design guidelines. It also can be used to
compare alternate designs. This does not
mean an assembly should achieve a design
efficiency of 100 percent. In fact, the typi-
cal electromechanical assembly efficiency
will approximate 25 percent to 30 percent.

At the end of the Design for Automatic
Assembly program, a results summary is
displayed, comparable to Fig. 1, which
gives a breakdown of the total cost for
both manual and automatic assembly. Prior
to or after the summary is displayed, the
opportunity is provided to change cost and
volume parameters to reflect actual costs
or to evaluate future cost impact.

This feature provides the opportunity to
quickly model and evaluate the cost effec-
tiveness of different assembly concepts. In
addition, the program provides a list of all
parts in the assembly with their handling
and insertion cost. In this way, the assem-
bly cost associated with each part can be
studied to determine how the total cost is
distributed and to identify problem areas
where changes would be most beneficial.
Parts are listed for redesign if they are
unnecessarily expensive to feed or impos-
sible to feed and orient automatically. In
these cases, a five -digit code is given for
the part; the code can be used in the
"Design for Automatic Handling" program
to obtain suggestions for redesign.

During the analysis process, it should
become obvious that maximum system effi-
ciency and productivity will be realized
only when the requirements of the manu-
facturing system and product design are
integrated.

Assembly system economics

Assuming the Design for Assembly pro-
gram has been completed and has resulted
in parts reduction, has provided for mating
part locators, and has led to the achieve-
ment of a layered assembly, the next step
would be to determine the most economi-
cal method of manufacturing. To accom-
plish this, the "Assembly System Econom-
ics" program uses mathematical models to
assimilate approximately thirty fixed and
variable parameters of the assembly and

8 RCA Engineer  29-2  Mar./Apr. 1984



work climate to determine the most eco-
nomical assembly system from those listed
in Table I.

During operation of the program, all
parameters are shown on an interactive
screen display. The option to change any
value provides an opportunity to quickly
model and evaluate the system sensitivity
to a variety of conditions.

When the data base presented is satis-
factory, the program will calculate and list
relative assembly cost for each manufac-
turing system. The system also provides a
graph (Fig. 5) that illustrates the assembly
cost of manufacturing systems plotted
against annual production volume per
shift.

Design for Automatic Handling

This program is used to analyze individual
parts for automatic feeding and orienting.
Numerous suggestions for design changes
are presented, allowing parts to be auto-
matically handled more efficiently.

Design for Manual Assembly

This is used when automatic assembly can-
not be justified. The program is similar to
the automatic assembly program. Empha-
sis is again placed on the elimination or
combination of parts, and simplification of
the part -orienting required for assembly.

Assembly Machine Simulation

The effect of four parameters on the per-
formance of an automatic assembly sys-
tem are investigated in this program. These
parameters are:

 Machine cycle time;

 Parts quality at each work station;

 Average time to clear a stoppage due to
a faulty part; and

 Number of service operators available.

The first program is a graphical simulation
of an automatic assembly system with five
work stations, four buffer storage spaces
between each work station, and one oper-
ator to clear malfunctions due to defective
parts.

The second program is a free -form nu-
merical simulation. In this program, buffer
space between work stations, number of
operators, time to clear malfunctions, and
the ratio of defective parts at each station
can be specified. In both systems an on-
screen display shows the total system out-

put and the percentage of downtime result-
ing from defective parts.

The ability to model a manufacturing
system provides an efficient tool for deter-
mining the system size and studying the
operating behavior in relation to parts qual-
ity. Additionally, the program provides a
tool for studying the cost effectiveness of
increased parts quality versus system down-
time, and the resulting loss of product.

Summary
Several major companies such as IBM,
DEC, Xerox, and General Electric are using
"Design for Assembly" and reporting mate-
rial and labor savings of 25 percent to 30
percent. A similar system in notebook form
was developed by Hitachi in about 1975.
The fact that they understand and apply
the principles of design for assembly is
clearly demonstrated in their products.

Within RCA, the "Design for Assem-
bly" program was implemented by Player
Manufacturing Technology and is being
used in the VideoDisc player program by
Product Design, Manufacturing Technol-
ogy, and RCA Laboratories Manufactur-
ing Research. The goal was to provide not
only operating hardware, but a system that
would allow interaction of ideals, and shar-
ing of analysis between Design and Player
Manufacturing Technology.

To expand the performance of the per-
sonal computer and achieve the sharing of
ideals, required a network system with a
common storage. The network chosen was
"Corvus Omninet" with Constellation soft-
ware and a Corvus Winchester disc for
mass storage. The Omninet is a shared -ac-
cess local network using RS422 twisted
pair cable, which can be 4000 feet in
length and handle 64 devices. The net-
work uses "bus topology," which means
that stations can be added anywhere along
the network by tapping into the trunk line.

The network system as installed consists
of:

Work station

 IBM PC 128K configuration

 IBM DOS 1.1

 Dual disc drive

 Color graphics adapter card

 RGB color monitor

 Epson 100 dot-matrix printer

Network

 20 Mb Corvus hard disc

 Transporter card for each IBM PC

 Omninet disc server with Constellation
software

With this system, the analysis results from
the "Design for Assembly" programs are
stored on a common sector of the hard
disc. Access to the sector directory pro-
vides a list of all analysis results that can
be retrieved for review or further analysis.
Collision is avoided by a modification to
the "UMASS" software that assigns a user
prefix to the file name. This allows multiple
arress, and also allows additions or changes
to be made to previous analyses without
changing the original analyses. In this man-
ner, all the information is shared and there
is no duplication of effort when more than
one analysis of the same assembly is desired.

"Design for Assembly" has been an effec-
tive tool for product analysis and improved

Malcolm Cobb joined RCA in 1979 as
Senior Industrial Engineer in the VideoDisc
Player Manufacturing Technology Depart-
ment, where he is project engineer coordi-
nating the efforts between Design and
Manufacturing Technology to reduce
player manufacturing cost. As part of this
responsibility, he recently implemented the
"Design for Assembly" program.

He received his B.S. Degree from the
University of Tennessee in 1961. Since
then he has accumulated a wide variety of
Industrial Engineering experience, serving
as supervisor of a wage incentive program
for Eaton -Yale Inc., and as project engi-
neer at Hamilton Beach and Magnavox.
Most of his assignments in consumer
electronics have involved the implementa-
tion of new products into manufacturing.
Mr. Cobb is an active member of the Insti-
tute of Industrial Engineers, currently serv-
ing on the Board of Directors of the
Indianapolis Chapter.
Contact him at:
RCA Consumer Electronics Division
Indianapolis, Ind.
TACNET: 426-3348
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part design for assembly. Equally impor-
tant has been the development of a com-
mon language between research, design,
and manufacturing technology. This com-
mon language has been the catalyst for
increased cooperation and understanding
necessary to achieve the common goal of
increased manufacturing productivity.
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J.G. Aceti C.B. Carroll

Robotic assembly of the
VideoDisc player's arm drive

Electromechanical assembly-an elusive task for robots, and a
lucrative area for manufacturing-has begun at RCA.

In Apri11982, the VideoDisc Player Manu-
facturing Technology group at RCA Con-
sumer Electronics and the Electromechan-
ical Systems Group at RCA Laboratories
proposed a prototype subassembly as a
candidate for robotic assembly. The subas-
sembly was a VideoDisc arm drive to be
used in RCA's prototyped J -line player,
scheduled to be assembled in the Bloom-
ington plant. This project would become
the first large -volume robotic assembly sys-
tem within RCA. The obstacles to imple-
mentation present a double-edged sword,
both technological and economic. But, cor-
respondingly, the rewards for meeting the
challenge will be a two -pronged solution
to lagging U.S. productivity.

Robotic assembly today
Electromechanical assembly presents a for-
midable task to robotic system designers.

Abstract: Competitiveness in manufac-
turing allows only the progressive and flex-
ible companies to survive. Robots will play
a role in the factory of the future as the
flexible muscle driving the manufacturing
process. This is the account of RCA's first
introduction of a robot into the production
environment of electromechanical assem-
bly. It involves interesting economic and
technological issues, and shows coopera-
tion among groups at RCA Consumer
Electronics and RCA Laboratories.

©1984 RCA Corporation
Final manuscript received February 6. 1984.
Reprint RE -29-2-2

Programmable mechanical arms have ac-
complished many industrial tasks-such as
spray painting, welding, and part han-
dling-where the task does not require the
exacting accuracy of assembly. Assembly
requires more of the system-an additional
degree of flexibility, adaptability, precision,

general, sensory feedback mecha-
nisms similar to a human assembler on a
production line.

Assembly and inspection of product ac-
count for 40 percent of direct labor in the
radio and television industry.' Many of the
"simple" tasks performed by these workers
actually require a complex interaction
among sight, hearing, and touch that is dif-
ficult if not impossible for an electrome-
chanical system to integrate and mimic.
Moreover, robotic system designers must
pay particular attention to the part -feeding
methods that provide the robot with orient-
ed and accurately positioned parts (see
box, page 12). And even before that, care-
ful consideration should be given to the
design of parts for automatic handling. A
more extensive review of this subject is
covered in an article by Malcolm Cobb,
elsewhere in this issue. Understandably,
application of robots for assembly -line work
has been minimal-amounting to a little
over 5 percent of the robotic systems operat-
ing nationwide. A recent survey conducted
by Assembly Engineering magazine showed
that 13.3 percent of the 1,000 assembly
plants participating in the study used robots
and that 28.3 percent of those robots were
part of the assembly line. The other 71.1
percent were used for part handling, elec-
tronic component assembly, arc welding,

stand-alone operations, inspection, spot
welding, fastening, wire harness assembly,
and calibration.2

Economic and political issues
With the impressive array of tasks being
performed and the potential economic advan-
tages, why are only 13.3 percent involved
in robotics? There are several reasons:

 Risk associated with new machinery

 Labor conflicts

 Inadequate project proposals

Understanding the risk

Those involved with providing, justifying,
or using assembly automation equipment
have associated the risk of using robotics
with that of using uncompromising hard
automation-machinery uniquely designed
for a specific product, with little possibility
for future modification. To a great extent,
the difficulties associated with hard auto-
mation are appropriate, but the flexibility,
reprogrammability, and reduced cost of
modern robots have diminished the uncer-
tainty of bringing automation into the fac-
tory. Robots can reduce both economic
and technological risk-the economic risk
of having automated assembly costing more
than manual assembly and the technologi-
cal risk of being inflexible to product im-
provements. An understanding of the eco-
nomics when using truly reusable "off the
shelf' equipment proves profitable by short-
ening the payback for each application.
When all avenues of savings are consid-
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Orienting and feeding parts

Part feeding is a technology that has lagged behind
the advanced automation systems it supports.
Neither flexible nor sophisticated, part -feeding
equipment is usually constructed by artisans work-
ing in small specialized shops with welding torch
and hammer.

The most common feeding method, bowl feeding,
provides the builder with versatility to handle many
different parts, and provides the user with many
years of reliable service. Being the lowest -cost feed-
ing method, designers should prepare for automat-
ing the assembly with bowl feeders by following
some guidelines for part design.

Not all parts can be bowl fed. Delicate, sticky, light,
tangled, or abrasive parts are generally not bowl fed.
For most parts the overriding concern is geometry,
and in particular, symmetry. If a part is either sym-
metric or grossly asymmetric, then feeding will be
easier and more efficient.

Dr. Geoffrey Boothroyd, of the University of
Massachusetts in Amherst, has researched this sub-
ject quite thoroughly and has produced a handbook
called "Feeding and Orienting Techniques for Small
Parts." Although the text is all -encompassing, three
rules can be stated to cover most design problems:

1. Avoid projections, holes, or slots that will cause
tangling with identical parts when placed in bulk

in the feeder. This may be achieved by arranging
that the holes or slots are smaller than the
projections.

2. Attempt to make the parts symmetrical to avoid
the need for extra orienting devices and the cor-
responding loss in feeder efficiency.

3. If symmetry cannot be achieved, exaggerate
asymmetrical features to facilitate orienting or,
alternatively, provide corresponding asymmetrical
features that can be used to orient the parts.6

Providing the bowl builder with well -designed
parts simplifies the bowl design and supplies the
factory with a more reliable and efficient system.

ered, a window appears on the production
volume scale (typically between 0.25 mil-
lion and 2 million parts per annum) where
robots compete favorably with manual la-
bor and hard automation.

In addition to the typical costs asso-
ciated with getting a robot up and run-
ning, an economic analysis includes the
varying costs associated with auxiliary equip-
ment (that is, fixtures, part -feeding mecha-
nisms, vision systems, automatic tools) essen-
tial to support the assembly robot. For
assembly applications, these costs can
amount to three times that of the robot
itself. With knowledgeable foresight, robotic
assembly can still be had with minimal
risk. Considering the robot by itself:

"Robot manufacturers estimate that it will
cost (average) about $6 per hour to operate
a robot, based on a two shift operation and
a useful equipment life of 8 years. If direct
labor costs are around $16 per hour in a
five-day, two shift operation, then justifica-
tion is no problem . . . . This will give a
payback period of less than two years for
most robots ."3

Labor conflicts

Due to insignificant unemployment relat-
ing directly to robots, few real conflicts

have erupted between labor and manage-
ment. Many robotic applications, especially
in the metal -working industry, have re-
placed hazardous or tedious jobs without
much complaint. But eventually, as large
numbers of robots begin working on the
plant floors, serious problems could erupt.
Proper training programs can benefit the
workers and the factory by channeling
personnel into new and more appropriate
jobs as system operators, programmers, and
maintenance experts.

Inadequate proposals

When proposing the use of robots, it is

essential that manufacturing engineers out-
line the potential risks and savings for
management. Increased use of robots will
occur not by the justification methods of
the past but by outlining the additional
savings beyond reduction of labor and in-
creased quality. The value of robots as
reusable tools must be considered, as must
the value of increased flexibility gained by
manufacturers who must constantly deal
with consumer demand, part quality, and
seasonal production variations.

In addition, the proposal should ade-
quately define the need for maintenance

personnel capable of supporting robotic
systems, and show an increased awareness
of the safety issues involved.

Robotic assembly within RCA

To dispel some of the reservations and to
consider the possibilities, groups at RCA
Laboratories are investigating various phases
of flexible manufacturing. Flexible manu-
facturing, in a practical sense, is the means
to vary the manufacturing process to accom-
modate changing market demands, product
changes (within a family of products), with-
out additional capital expenditure or labor.
In particular, the area of robotic assembly
is being studied for application in RCA's
manufacturing facilities. What better way
is there to learn and apply new-found
knowledge than by doing a "real" job?

Designing the product for
automation assembly

The initial task was to consider the feasi-
bility of robotically assembling a 24 -piece
subassembly, the VideoDisc arm drive.
After consideration, our first response was
that the product could indeed be robot-
ically assembled, but not economically. Sev-
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eral small external retaining rings, set
screws, and a 3/8" long extension spring
presented formidable assembly tasks for
the mechanical arm. Thus, we attempted
to modify the design to one that is easier
to assemble.

Applying a disciplined set of guidelines
(Fig. 1), we designed a simplified product.
The principal improvements were:

 Fifty percent reduction in part count

 Layered assembly

 Elimination of set screws and retaining
rings

 Elimination of extension spring

Of course, there was no reduction in the
capability or quality of the product (Fig.
2).

Today we would have taken the new
design and quantitatively analyzed the im-
provements. Using a software package
called Design for Automatic and Manual
Assembly,4 an assembly efficiency would
be derived for comparison among any sug-
gested improvements. Design -for -assembly
cannot be overemphasized as a critical point
in the design -for -manufacturing process. Not
only is there a savings in part cost but also
a drastic reduction in assembly time.

"Experience shows that it is difficult to make
large savings in cost by the introduction of
automatic assembly in the manufacture of
an existing product. In those cases where
large savings are claimed, examination will
show that often the savings are really due to
changes in the design of the product neces-
sitated by the introduction of the new pro-
cess. It can probably be stated that, in most
of these instances, even greater savings would
be made if the new product were to be
assembled manually. Undoubtedly, the great-
est cost savings are to be made by careful
consideration of the design of the product
and its individual component parts."'

Less inventory, increased reliability, and
higher quality are also realized without
any additional capital investment if as-
sembly is considered during the design
phase. In addition, it is appropriate to de-
sign for automatic assembly by specifically
allowing for automatic feeding/handling
of components. Simple modifications may
be made at this point for the purpose of
robotically or automatically handling the
part.

Modeling the assembly

Having a workable model, a strategy for
assembly must be considered within the
limits imposed by manufacturing. For the
gearbox, the production rate was naturally

a critical issue. One system working one
shift had to produce 1,400 assemblies-
one about every 20 seconds.

Knowing approximate execution times
for various robot maneuvers, a machine -
time schedule can be readily constructed.
The user must creatively determine the
sequence of events and must discover if
any auxiliary equipment (that is, fixtures,
vision, tactile feedback, etc.) will be em-
ployed. For maximum flexibility, a min-
imum amount of tooling should be consid-
ered. On the other hand, additional tool-
ing can be used effectively to "buy time"
by assisting the robot. Typically, dedicated
hardware is required to feed parts to the
robot (that is, bowl feeders, magazines,
pallets). Unlike the robot, dedicated hard-
ware is not easily reusable, and therefore,
is less economical for medium -volume ap-
plications.

After many attempts, a scenario, or se-
quence of events, for assembling the gear-
box was produced that called for an assem-
bly time of under 20 seconds, and required
a minimum amount of dedicated hardware
(Fig. 3). In this case, hardware was used
only to apply grease, accurately position
parts, pre -mesh the three gears, and auto-
matically apply screws. The scenario also
required that:

 The potentiometer, lever, and gear be
manually assembled-the design did not
allow efficient use of the robot for this
assembly.

1. Strive to minimize number of
parts.

2. Select a base to which other
parts will mate, that is, design
the product in layers to allow
each part to be assembled
from above.

3. Ensure that the base part has
features that facilitate locating
and securing of mating parts.

4. Use liberal chamfers, toler-
ances, tapers, and rounded
edges where possible.

5. Avoid expensive and time-
consuming fastening opera-
tions, such as screwing, sol-
dering, and so on.

6. Assure that parts remain in an
oriented form from vendor to
factory floor, or be certain that
parts can be easily fed by con-
ventional means.

Fig. 1. General rules for designing a mech-
anical product for manual and auto-
mated assembly.

 The three reduction gears be premeshed
and a palnut accurately located below
the cluster (a palnut is a formed sheet
metal nut that is pushed rather than
turned on a shaft).

Fig. 2. Following the design guidelines for assembly, the prototype design (left) was
simplified, thereby making automated assembly feasible and manual assembly
much faster.
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Overview of Hirata work area

Conveyor
belt

Motor assembly station

Motor tray
slide

Motor tray

Gear ''nest" with palnut

flThe robot picks up a bracket from the bowl feeder's nest. The
nest is instrumented to detect the part and test the bracket's

three gear shafts for straightness. Failed parts are removed by the
robot and rejected. A small amount of grease is also applied to
each shaft for lubrication between the rotating gear and metal
shaft. The gripper raises the part from the nest and a sensor on
the gripper checks that the part is properly held.

=The arm moves to remove one of the 108 pot -lever assem-
blies.MI Each pot -lever is accurately located and retained by a

plastic clip in the tray. The arm is lowered until the bracket is
snapped onto a pot -lever.

DI This station contains three premeshed gears and a palnut
I MI (a type of fastener which is pushed on). The system interro-
gates four proximity sensors for positive location of each part
before the arm lowers the bracket into the assembly. Each shaft
on the bracket moves into its mating gear until the longest shaft
pierces the palnut.

4
Having captured the gears and the palnut, the robot positions
the partial assembly in the motor assembly station. This sta-

tion is equipped to sense that the pot -lever was properly installed
and that one of the two screws is applied in the next sequence.

Li The gripper is moved over and selects one of 108 motors from
MI a tray similar to the pot -lever tray and moves back to the

Gear feeding
system

6

Table top

Pot -lever tray

Pot -lever
tray slide

Bracket
pick-up
point

Parts
from the
bracket
feeder

Robot center

Bowl feeder (remote)
for automatic
screwdriver on robot's
forearm

motor assembly station. The motor is moved in a way that
meshes the pinion smoothly. While placing the part on the
bracket, the system actuates a clamp that will hold the motor in
place while the robot positions the screwdriver and applies two
screws.

A Weber automatic screwdriver mounted on the forearm of
the robot is fed screws from a remote bowl feeder via a

pneumatic feed tube.The system controller positions the arm and
actuates the driver. After fastening a motor to the bracket, the
robot swings around to the bracket station to begin the sequence
again.

WA Simultaneously, the motor assembly station flips the com-
pleted assembly onto a belt conveyor, which moves the part

away from the robot. If the robot has successfully completed the
assembly, it will travel down the conveyor to an operator for vi-
sual and electromechanical inspection. Incomplete assemblies are
directed to a rework bin. Incomplete assemblies are caused by
parts missing in trays or nests or the robot failing to pick up a
part. If a missing part causes a jam, the system will stop and no-
tify the operator via a red rotating beacon. Inconsequential misses
are ignored by the robot and sorted on the conveyor, thus min-
imizing downtime. At the completion of 108 assemblies, the sys-
tem automatically stops and turns on the rotating beacon. The
operator simply replaces the empty trays with filled ones and
presses a resume button.

6

Fig. 3. Assembly sequence and oveiview of Hirata work area and ancillary part -
handling equipment. The nautilus -shaped area encloses the work area of the
robot. The actual robot, the robot controller, and the Weber screwdriver are not
shown. Several bowls, for example, the 40" diameter bowl for bracket feeding, are
not shown.
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 The motor and its pinion be pre-assem-
bled-the motor manufacturer provided
this service.

Prototype testing

Prototype fixtures and software were then
developed for the IBM RS -1 robot (Fig. 4),
which is an advanced assembly robot. Con-
cepts, cycle times, reliability, and robot
performance were all evaluated for the
selected scenario. The sophistication of the
RS -1 provides the flexibility to modify pro-
grams quickly and to experiment with dif-
ferent techniques (See also, J. Baldo's de-
scription of Astro-Electronics' IBM robot
application elsewhere in this issue). At this
point we tried, as an exercise in "devil's
advocacy," to identify and work with imper-
fect parts that statistically are hard to find
but, when present, cause an outstanding
percentage of problems. Also we looked
for handling problems. In this case, we
discovered a particular way of wrapping
the motor's leads in small bundles to pre-
vent the possibility of their getting caught
on a fixture during assembly.

From this stage, with the initial bound-
ary conditions satisfied, a proposal was
developed for management that outlined:

 Which robot was required?

 What hard tooling was required?

 How much money was required?

For this case, the IBM RS -1 would have
been exonssively sophisticated in terms of
both the robotic skills required and the
cost.

A Hirata AR -300 robot was proposed
due to its repeatability and low cost (Fig.
5). Also, the Hirata robot is found in sev-
eral RCA facilities including Lancaster, In-
dianapolis (Sherman Drive), Princeton, and
now Bloomington. This type of robot is
called `SCARA' (selective compliance assem-
bly robotic arm) and is less costly and
more suited for certain assembly tasks than
the rectilinear -type RS -1. While spherical
or cylindrical coordinate robots such as
the Puma 600 have roughly isotropic ri-
gidity, the SCARA-type robot is designed
to move anisotropically. The SCARA-type
robot, therefore, is designed to respond
selectively to loads applied at the gripper.
The kinematics of the Hirata, which moves
in a nautilus -shaped work area (Fig. 3),
allows compliance in the X -Y (horizontal)
plane, which permits compensation that is
helpful when the robot is locating a part in
a fixture or hole having a tolerance smaller
than the repeatability of the robot, as when
pressing a peg into a chamfered hole. But

IBM 7565 (RS -1 shown)

Coordinate system: Cartesian
Repeatability: ±0.005
Actuators: All hydraulic
Maximum velocity: 40 in/sec
Payload: 5 lbs
Controller: IBM Series 1 computer
Cost: $120,000 typical

Fig. 4. The IBM 7565/RS-1 robot (Series 1 computer and operator terminal not
shown) is one of the most advanced systems available today. Using the system's
advanced optical/tactile sensors, the robot is capable of executing complex tasks
that require iterative part positioning for precision assembly.

11111MP.'"

1.11111111,
lag

Hirata AR -300 (AR -450 shown)

Coordinate system: SCARA type
Repeatability: 0.002
Actuators: dc servo motors
Maximum velocity: 55 in/sec
Payload: 4.5 lbs
Controller: Hirata program controller
Cost: $18,000

Fig. 5. Hirata AR300/AR450 robot was first manufactured for Hirata's own custom-
ized automation equipment. Noted for its low cost and repeatability, it has become
favored for small electromechanical assembly tasks.

the robot is rigid in the Z (vertical) axis,
for pressing, as required for screw driving
or press fitting.

Programming the Hirata

The Hirata AR -300 system consists of the
robot, controller, and a pendant. The pen-
dant is the user's interface to the system
providing teach, programming, and two
run modes (step and continuous). The user
basically inputs all position points (up to
1,000) and then writes his program in sequen-
tial steps (up to 256). For this system a
control panel with four control pushbut-
tons, a counter, and eight status lights was
added to simplify the operator -robot inter-
face. The panel also eliminates the ability
and need for the factory operator to use

the pendant, thus preventing accidental
changes in the program.

Position points can either be taught or
programmed in, but our experience was
that taught points were more accurate and
quicker to input than those programmed.
Most robots have this peculiarity in that
their accuracy is dependent on a buildup
of mechanical tolerances, but that once a
point is taught the robot can repeatedly
move to that same position.

Feeding parts

Hard tooling, as identified in the prototype
stage, became the greatest expense in devel-
oping this system. The handling, orienting,
and feeding of parts as they come from
the vendor is a formidable job. The design
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The robot -CAD/CAM connection

Feeding an assembly robot accurately positioned
parts is a major concern for robotic system
designers. Parts sometimes cannot be fed/oriented
automatically due to some delicacy of the part. You
must then rely on tray feeding, which provides a
queue of manually placed and accurately secured
parts accessible by the robot. Two such trays were
required for the arm -drive assembly system.

Both the motor, with its 16 -inch -long wires, and
the potentiometer -lever assembly were considered
too delicate and too difficult to feed automatically.
With the assistance of CAD/CAM facilities available
at the RCA Laboratories, trays were developed for
the components mentioned. The designer had to
both determine and avoid interference problems and
"dense -pack" as many parts onto a 16- by 24 -inch
tray as possible. On the Computervision system, a
design was produced, verified, and then downloaded
to a Spindle Wizard (computerized numerically con-
trolled milling machine) where two stacks of six trays
were machined. A pot -lever tray consists of 108
positions that secure the part and allow clearance
for the extended shafts on the bracket (not visible).

The same number of plastic spring clips, which
retain the pot -lever, were designed on the same sys-
tem and downloaded to a Graziano NC Lathe for
production.

Software is now available for some CAD systems
that not only allows modeling of parts and fixtures
but also shows the robot's kinematics. An entire
workcell can be animated for analysis before any
hardware is purchased. In the future, robot software
will be developed in this manner and fed directly to
the workcell, eliminating robot downtime for pro-
gramming. The CAD/CAM -robot system will be a
valuable tool in the factory of the future.

of a reliable feeding mechanism is usually
best left to those companies who are skilled
in the art. If the parts are relatively small
and are not delicate, a vibratory bowl
feeder is commonly used. This type of
feeder has a helical track that passes around
the wall of a bowl. When a driving vibra-
tion is applied to leaf springs mounted
under the bowl, the effect is to cause parts
in the bottom of the bowl to climb up the
track to an outlet at the top of the bowl.
Various devices are welded into the bowl
that allow only properly oriented parts to
reach the outlet. Delicate parts or parts
that tangle, such as motors, are better fed
either by magazine or tray.

In summary, the proposal presented for
this system included a Hirata AR -300 robot
and the following feeding systems:

. Vibratory bowl for feeding brackets

 Vibratory bowl for feeding 3rd -reduction
gears

 Vibratory bowl for feeding 2nd -reduction
gears

 Vibratory bowl for feeding 1st -reduction
gears

. Vibratory bowl for feeding palnuts

 Tray for holding 108 motors (with spares
for reloading)

 Tray for holding 108 pot -lever assemblies
(with spares for reloading)

In addition, a Weber automatic screwdriver,
a nest for meshing the three gears, and a
motor assembly fixture had to be built/pur-
chased.

An overview in Fig. 3 shows the place-
ment of feeding mechanisms into the robot's
work area. Starting at the bracket feeder
and then working counterclockwise the
robot follows the scenario presented in the
figure.

Safety

Safety of the operator is paramount in the
system's design. For this application, the
robot's work area was totally enclosed in
removable plexiglass sheets. These light-
weight shields are easily removable but, if
removed, cause all power to be dropped
from the arm. Feeding equipment is out-
side the enclosure and can be replenished
without interrupting the system. Addition-
ally, the motor and pot -lever trays auto-
matically move out from the work area on
a slide for replacement.

ADAM

To ensure a safe, efficient transfer of the
system from Princeton to Bloomington,

the engineers and the technicians from the
plant visited the Laboratories before ship-
ment. Seeing and working with the equip-
ment in the lab allowed the present users
to become familiar with the equipment as
well as with programming the robot. They
nicknamed their first robot ADAM (arm -
drive assembly machine).

After almost two years of development
and six months of actual construction, the
Hirata system was dismantled and shipped
to Bloomington in early November to begin
production on the factory floor (Fig. 6).

What we have learned

As of this writing, the arm -drive assembly
system has only been operating for a short
time. We intend to keep track of the sys-
tem's performance, and in particular, the
reliability of the Hirata robot. Our future
work in robotics and design for robotic
assembly will be based on our present
experiences with this system. In a nutshell,
we found our greatest effort and cost was
in part feeding, not in programming or
using the robot itself.

Part feeding curtails flexibility, increases
costs, greatly increases floor space required
(as compared with the robot itself), and
lengthens the concept to delivery time. Bowl
feeding requires that parts remain exactly
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Laboratory. He graduated cum laude from
the University of Florida in 1960, with a BS
degree in Mechanical Engineering; in
1966, he received the MSME degree from
Drexel University. In 1960, he had joined
RCA Astro-Electronics, Princeton, N.J., as
a design engineer developing sensor and
camera components. After serving as a
Lieutenant in the U.S. Army Artillery from
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1962 to 1964, Mr. Carroll returned to Astro,
and then transferred to RCA Laboratories,
Princeton, in 1966.

In 1973, Mr. Carroll transferred to the
RCA Palm Beach Division, Palm Beach
Gardens, Florida, and worked on products
using mini- and microcomputers for
hotel/motel management. He rejoined RCA
Labs in 1975, and he received an RCA
Laboratories Outstanding Achievement

Award for work on equipment for optical
scanning and readout of the RCA Video -
Disc. He then led the mechanical design
effort that succeeded in producing early
prototypes of a flat -panel television system.
Mr. Carroll holds seven U.S. patents.
Contact him at
RCA Laboratories
Princeton, N.J.
TACNET: 226.3030

the same, thus making modifications to
the product impossible-modifications for
which the robot could easily be repro-
grammed. Part feeding accounted for almost
70 percent of the purchased part costs for
the system, leaving only about 20 percent
(the robot) reusable, thus decreasing the
savings. Bowl feeding requires two to four
months for construction while a robot can
be programmed in a day or two. How-
ever, with all the drawbacks, bowl feeding
remains the most cost-effective method for
orienting and feeding bulk parts.

In the future, the use of robots for assem-
bly will depend on an improvement in the
methods to deliver oriented parts to the
robot workcell. Vision and tactile feedback
systems are presently too expensive and
slow for most applications. In the near
future, these systems should be available at
reasonable costs and will be fast enough to
assist the robot in handling unoriented parts.
Still, most applications will require inge-
nuity on the part of designers, manufactur-
ing engineers, and purchasing department
personnel. Parts should be delivered already
oriented, such as in egg crates or pallets.
Disciplined methods such as the Design
for Assembly software, previously men-
tioned, will assist engineers in making parts

Fig. 6. The Hirata gearbox assembly system, without its protective Plex,glas enve-
lope, is shown in the Laboratories environment.
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that can be efficiently fed by ordinary
means.

Conclusion
From television receivers to VideoDisc play-
ers, electromechanical assembly is a vital
factor in RCA's future. Competition in
this arena is fierce and the winner will
provide the consumer with what he wants
when he wants it. As flexible manufactur-
ing becomes more of a reality, and robots
play a vital part, the competition will be-
come only more aggressive. We must con-
tinue to plan and implement effective mod-
ern techniques in our engineering and manu-
facturing.
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J. Baldo

IBM RS/1 used for solar cell glassing

At Astro-Electronics, labor-intensive aspects of spacecraft
solar array assembly are being handled by a robot.

Fig.1. The IBM Robot System/1. The photograph on the left shows the manipula-
tor in its rectangular box frame. The system controller CRT and printer are shown
on the right.

The spacecraft solar array is a set of sil-
icon solar cell panels that convert incident

Abstract: The glassing step in solar
array fabrication is a labor-intensive
procedure that requires exact deposition of
adhesive and accurate placement of the fil-
ter glass on the solar cells. Because it is
labor intensive and is a repetitive and
tedious job for human workers, glassing
results in a high incidence of rework. An
Independent Research and Development
(IR&D) project evolved to address this
problem by investigating the feasibility of
using intelligent automation for the glass-
ing application. As a result, the IBM RS/1
Robotic System was selected for its versa-
tility and reliability.
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solar radiation into current and voltage.
This electrical energy (stored in recharge-
able nickel -hydrogen or nickel -cadmium
batteries) powers the spacecraft voltage bus-
ses during partial or full eclipse. The pan-
els consist of silicon solar cells that are
fabricated first into submodule matrices,
then modules (each a set of submodules),
and finally into the panel (a set of modules).

On the submodule level, filter glasses
are "glued" to each cell. These glasses
limit the transmission of thermally active
ultraviolet radiation, prevent particulate deg-
radation, and avoid moisture contact inter-
ference. The glass is a polished fused silica
with a magnesium fluoride antireflective
coating. A discrete volume of optically
clear Dow -Corning 93-500 (DC 93-500)
adhesive is deposited onto each cell, then a
coverglass is placed atop the adhesive.

This glassing operation is very labor
intensive and repetitive, and requires a high

degree of rework as well. The repetitive
nature of the task, as well as the ease with
which intelligent automation can effect a
work -intensive, accurate, and reliable sys-
tem of glassing, make the glassing opera-
tion an ideal choice for the RS/1's first
application at RCA Astro-Electronics. This
paper describes the research that established
the robot as a development tool, and in-
cludes a brief discussion on its production
line implementation as a major goal.

The IBM RS/1
The RS/1 is a six -degree -of -freedom, ver-
satile robotic system (Fig. 1). It can effect
translation in the linear X (±9 inches), Y
(±29 inches), and Z (±8.5 inches) direc-
tions, and in the rotary roll (±135°), pitch
(±90°), and yaw (±135°) directions. The
maximum linear speed is 40 inches/second;
rotary speed is 180°/second. The hydrau-
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Fig. 2. Schematic diagrams of the sensor/switches and how they interface with
the DI/DO ports of the Series 1 minicomputer.

lically driven manipulator arm is mounted
on rails in a rectangular box frame, and
these rails ride on parabolic cams. It is a
closed, servo -loop feedback system, and
the maximum payload is 5 lbs-force.

The system controller is an IBM Series
1 minicomputer that uses standard IBM
EBCDIC (Extended Binary Coded Decimal
Interchange Code) protocol. The software
is written in AML (A Manufacturing Lan-
guage) and is interpretive (like Pascal). It
is a subroutine -based language that uses
data types such as aggregates and strings.
Special commands in the software enable
the system to handle sensor information;
that is, to receive signals from, monitor,
and send signals to the digital input/out-
put (DI/DO) ports and the internal/ex-
ternal sensors and actuators.

Internal sensors are those included in
the manipulator and involve two types.

One type includes strain gauges that en-
able the robot to sense pressure in the
gripper finger pinch (inside gripping sur-
face), tip, and side. The other is a photo -
sensor pair built into the gripper fingers.
This pair consists of an IR emitter and
phototransistor.' External sensors (which
are user supplied) include two in -line vacu-
um sensor/switches, two pressure sensor/
switches, and a photosensor pair similar to
the finger photosensors.

The development setup
The Series 1 is equipped with 64 DI/DO
ports, 32 contact -sense or voltage -sense
points via the sensor I/O unit, and 32 vol-
tage -sense points on the processor custo-
mer -access panel. Input sensing is supplied
by in -line vacuum/pressure sensors that
switch on or off for each state, sending a

"0" or "1" signal to the DI via the signal
lines. A buffer protects the input ports.
The input takes V, > 25 Vdc for an "off,"
and V,,, 5_ 8 Vdc for "on."' Digital output
signals activate optocouplers. The opto-
couplers control solenoids that, in turn,
control pressure/vacuum actuators (valves).
Npn transistor switches in the DO provide
on/off control for up to 100 mA at 5
Vdc. The schematic representation of the
sensor/Series 1 interface is shown in Fig.
2. The pneumatic, optical, and electrical
components are consolidated into a junc-
tion box that rests below the robot work-
space.

A vacuum pickup tool transports cover -
glass from a pneumatically controlled glass
feeder. The robot uses a pneumatically
controlled adhesive dispenser to deposit a
discrete volume of DC 93-500 onto each
solar cell. After all cells in a submodule
have adhesive, the robot puts the cover -
glasses onto the adhesive (Fig. 3). The
tools and glass dispenser are controlled by
the pressure/vacuum valves and monitored
by the in -line sensors.

Sensors and software
The software design is a straightforward
application of steps (see the flowchart in
Fig. 4). Table I summarizes the sensor
information for this glassing application.
Calibration posts provide a reference for
all tooling and submodule locations. Sub -
module dimensions and geometry deter-
mine a map (which is recorded on a disk)
for solar -cell positions.'

Feasibility demonstration
On September I, 1982, approximately six
weeks after delivery of the RS/1 robot,
the IR&D team gave a conceptual dem-
onstration of solar cell coverglass adhesive
dispensing and coverglass placement for
members of manufacturing and design engi-
neering IR&D management. The intent of
the demonstration was to show both the
procedure the robot would follow and the
efficiency with which it would work; that
is, that it would execute optimum paths
and decrease process time. During the
demonstration, the robot accurately manipu-
lated the adhesive dispenser over each solar
cell and carefully placed the glass onto
each cell without breakage.

A 6- by 4 -cell module, each cell 2 by 4
cm, was used in the demonstration. Tim-
ing of the actual process, conducted at a
later time, showed a 63 -percent improve-
ment in total time as compared to a man-
ual operation.3 No consideration has been
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given, however, for adjusted time that
would include normal personnel losses or
equipment downtime. Estimates of adjusted
time indicate an even greater margin in
favor of automatic assembly.

The demonstration included special mod-
ule -handling mechanisms, the adhesive dis-
pensing applicator, and coverglass han-
dling/placement devices. The electronic and
pneumatic controls, as well as the com-
plete software package for the glassing pro-
cess, were designed and developed in 1982.
The robot began production in 1983. This
operation results in a substantial increase
in the production output and a significant
improvement in the quality and reliability
of the product.

It has been calculated that, if a year's
supply of solar cells and coverglasses (that
is, the amount of material that, on the
average, the solar array area uses per year)
were available for bonding, the automated
assembly setup, working 24 hours a day,
could complete the glassing operation in
less than three weeks. As implemented in
the production line, the automatic process
now realizes a rate of 6 submodules/hour,4,5
which translates into a year's supply in less
than five weeks. This performance time
demonstrates the success of using a reli-
able automation system.

Manufacturing implementation
The ultimate goal of production line imple-
mentation has been realized and involves
the use of multiple glass feeders (these pre-
position six coverglasses) and slider trays
for submodule placement and removal. A
time -motion study indicates that on the
average the robot can glass a cell in 7
seconds, and a human worker takes 19.1
seconds (this includes break and sick time,
lunch, and so on).3

A brief discussion of vision
When programming the robot to perform
its tasks, one must account for the fact that
it is totally blind and must "feel" its sur-
roundings. One must define meticulous spec-
ifications for tool and object position as
well as carefully choose the manipulator's
paths. If, however, the robot were able to
receive visual feedback, the problem of
critical dimensioning and error would be
virtually eliminated.

Investigations were conducted in the
areas of adhesive processing, artificial intel-
ligence, and visual recognition. Three dif-
ferent vision recognition systems, all of
which have some associated artificial intel-

ligence, were selected for further inves-
tigation.

A variety of machine vision systems are
available commercially. One type provides
automatic visual inspection of parts in a
production line. Another type is a robotic
vision system, which can interface to the
robot controller. The system usually con-
sists of a solid-state or vidicon camera

Table I. Sensor information.

interlaced with an image processor and
computer.

Conclusions
The IBM RS/1 is a flexible automation
tool and a feasible choice for the repetitive
task of solar cell glassing. The robot per-
forms a reliable job in less time than a

Sensor name
(in software) Sensor type Function

ADGUN

PLUNGER1

PLUNGER2

VACTOOL

VACLINE

GLASPRE

FINEX

FINRE

REL

Optical (internal)

Optical

Optical

Optical (internal)

Vacuum

Vacuum

Pressure

Pressure

Vacuum

Verifies that the adhesive tool is in the gripper

Verifies that the plunger is fully extended

Verifies that the plunger is fully retracted

Verifies that the vacuum tool is in the gripper

Verifies that there is a vacuum in the vacuum
pickup tool line

Verifies that there is vacuum in the line to
preload position on the glass magazine

Verifies that there is pressure in the pressure
line for the glass dispenser finger to
extend fully

Verifies that there is pressure in the pressure
line for the glass dispenser finger to
retract fully

Verifies that a vacuum is restored to the
vacuum tool line after release of the glass

Fig. 3. The manipulator placing filter glass on a solar cell, using the vacuum pickup
tool.

Baldo: IBM RS/1 used for solar cell glassing 21



DEFINE VARIABLES -7

[DETERMINE CALIBRATION/
VARIABLES

PICK UP ADHESIVE
GUN

/ MOVE OVER NTH CELL

N 24

YES

FFIRE GUN

REPLACE GUN

GRASP VACUUM
TOOL

MOVE OVER 'LOAD'
POSITION ON

GLASS MAGAZINE
TO PICK UP GLASS

M

MOVE OVER MTH CELL
/1

/ RELEASE GLASS

PLUNGER
RETRACTED'

PLUNGER
EXTENDED'

FIRE GUN

IS

THERE GLASS
READY TO BE

TAKEN'

IS GLASS NO
RELEASED'

YES

NO" m 24

YES

/ REPLACE VACUUM TOOL /

( STOP)

D SPLA
ERROR

DISPLAY
ERROR

DISPLAY
ERROR

REEZE
MOTION

FREEZE
MOTION

FREEZE
MOT ION

BREAK UNTIL
CARRIAGE

RETURN

BREAK UNTIL
CARRIAGE
RETURN

BREAK UNTII
CARRIAGE
RETURN

BREAK UNTIL
CARRIAGE
RETURN

YES

PROBLEM
SOLVED

NO

PROBLEM
SOLVED

PROBLEM
SOLVED

YES

PRO LEM
SO VED

NO

Fig. 4. This chart illustrates the flow of the software and the rules to guide the
robot's "decision -making" process.

human and can be used for other tasks as
well.
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Statistical process control:
Learning by doing

Statistical process control works for everybody, if everybody
works for statistical process control. This Consumer Electronics
manufacturing unit has proof!

Virtually everyone in industry is familiar with the term statisti-
cal process control (SPC) and the great suerPss the Japanese and
U.S. companies such as Chrysler Corporation have had follow-
ing implementation of such a program. However, little is written
on how such a system is implemented. This paper shows how
SPC was put into practice at RCA. Commitment to SPC
requires a change in philosophy by management, an investment
in training the entire organization top to bottom, and time to
realize the potential benefits of improved quality and increased
productivity in manufacturing, warranty costs, and product share.

Getting started

As a result of attending a workshop at the David Samoff
Research Center in Princeton, N.J., on "Applications of Statistics
to Manufacturing," the operations staff of the VideoDisc Stylus/
Cartridge Manufacturing Operations (RCA Consumer Electron-
ics Division) located in Indianapolis, Indiana, at the Rockville
Road plant, decided to embark upon a program of SPC in early
1983.

Kickoff training was provided by the Productivity and
Quality Assurance group from DSRC and involved key manu-
facturing, engineering, and quality personnel. The Basic Statisti-
cal Toolkit training included discussions of variability, histo-
grams and simple plots, control -charting techniques, and process -
capability studies. A commitment of 44 person -days was required
for the training of all 22 participants involved over a 4 -week
period.

Abstract: Stylus/Cartridge Manufacturing Operations at RCA
Consumer Electronics in Indianapolis, Indiana, trained in Statis-
tical Process Control procedures in early 1983. They began ap-
plying their education almost immediately and have found several
suitable projects since them One such successful venture is de-
scribed in this paper. The manufacturing results a better car-
tridge at significant cost savings.
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After completion of the course, there still remained the task
of making SPC a part of our everyday worklife. There existed a
basic, underlying commitment to understanding and achieving
the benefits that were felt possible with SPC. The first step was
to choose a problem area in cartridge manufacture that was ripe
for initial success. This was important to maintain the momen-
tum towards a change in manufacturing philosophy.

First success

A task force was formed consisting of the manufacturing super-
visor, the hourly production group leader, manufacturing engi-
neer, manufacturing technicians, quality control supervisor, qual-
ity control technicians, and the Purchased Material Inspection
(PMI) supervisor. In a brainstorming session, the group selected
the number one quality -related problem at assembly and final
audit: rejection because of incorrect force and bias (vertical and
lateral tracking force).

At the time of the study, the manufacturing process con-
sisted of a cartridge assembly "build" operation, where the initial
force and bias were established, followed by combined 100 per-
cent inspection for force and bias, and a repair operation. The
force -and -bias inspection in manufacturing was performed on an
optical comparator. The quality inspections, however, were per-
formed on an electronic gauge. The manufacturing inspection
equipment had been set to agree on the average with the elec-
tronic quality control fixture, but there was not one-to-one cor-
respondence on individual cartridges.

Prior to the task -force meeting, it was agreed to keep con-
trol charts of the process-shown by operator-after the assem-
bly "build" and repair operations. A meeting was held to explain
the charts to operators to relieve their anxiety. After one week,
there was a noticeable improvement on the charts from the
assembly fixtures. This could be attributed to the performance
feedback given to the operators.

At the first meeting, participants reviewed the control charts,
developed a cause -and -effect diagram, ranked the causes, and
selected the number one item, staking force, for further study
and control charting. The PMI supervisor provided information
that showed that the flylead (signal conductor and force spring)
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had variations in thickness that affected the final force of the
assembly. What started out as an assembly issue became a mate-
rial issue.

The control charting of the assembly and repair operations
was continued. Histograms (Fig. 1) and box plots (Fig. 2) of the
force and bias were prepared for each operation. The informa-
tion from the histograms was the most revealing. After assembly,
bias was normally distributed and had a tighter range than after
repair. This was sufficient evidence to justify elimination of the
bias -repair operation-it had become part of the problem. Sim-
ilar analysis of the force data, however, showed that the repair
operation degraded the product distribution.

A process capability study was now performed on force.
The results of the capability study showed that it was not pos-
sible to manufacture the product to the existing specifications.

This data was shared at a joint meeting with the cartridge
management and the design engineering personnel. Analysis by
the design engineer found that the VideoDisc player was able to
accept the cartridge force at its natural process capability. It was
concluded at the meeting to eliminate the inspection and repair
operations and to control the process average within one stan-
dard deviation of the nominal force specification.

An off -shoot of the above findings was our increased
awareness of the real impact of material upon the performance
of the cartridge. Purchasing had previously arranged the bulk
rolling of the flylead material. Our data clearly showed the
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Fig. 1. Histogram of flylead force, measured after the car-
tridge is assembled. The process is a normal distribution,
but exceeds the design specification of 65 mg. ±7. The
specification was changed to control the process within 3 a
limits.

effect of the flylead materials's thickness on performance of the
cartridge. This led the plant QC Manager to contact the material
vendor and, with purchasing, negotiate for process control of the
vendor's milling operation-at a cost reduction. The savings to
RCA resulting from the implementation of process control at the
cartridge assembly operation showed up as direct labor reduc-
tion, material cost savings, and improved yields that facilitated
further savings at subsequent operations because of the improved
process.

Success breeds success
After the success with the force and bias problems, several
members of the organization enrolled in the RCA Corporate
Engineering Education (CEE) course offered on "Design of
Experiments." There emerged a small group of highly commit-
ted members of the organization who, on their own energies,
have spread the "gospel of statistical process control." Although
feeling persecuted at times, they have persevered. The support of
management and the consultants at RCA Laboratories helped,
but ultimately their efforts cannot compare to the personal, day-
to-day commitment of the individuals directly involved in manu-
facture.

In the short time since the first success, there have been
many other studies and designed experiments. Problem analysis,
through designed experiments, is gradually being recognized as
the surest path to permanent solutions, rather than the "band -
aid" fixes that are often a temptation during crises. The basic
truth of controlling the natural manufacturing process cannot be
denied.

Lessons learned
The incorporation of statistical process control in the manufac-
turing operation has generated a better understanding of what
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Fig. 2. Box plots of before -and -after bias repair. Although
50 percent of product is more tightly distributed, the overall
distribution is larger. Conclusion-stop the repair, and con-
trol the process.
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makes the product work. The necessary change in philosophy
involves the commitment of management and the whole organi-
zation to SPC. The transition period can be frustrating until it is
complete. Those frustrations are eased by the realization that we
are making progress and doing what is right.

With the advantage of 20/20 hindsight, there are several
things that participants should keep in mind when an organiza-
tion embarks upon statistical process control. The following list
is certainly not complete-but then we have not finished our
trip.

. Control charting can only be used to improve the product if
one understands the underlying distribution.

. Control charts do provide an excellent historical record of the
process. Control charts can also be invaluable in solving prob-
lems not directly related to the factor being charted.

. It is critical to know and recognize the capability of the mea-
suring system being used. It is fruitful to do measurement ca-
pability studies early-an inadequate measurement system can
only obscure problems.

. Progress in a single organization can be frustrated if related
organizations are not commited to SPC. Include such organiza-

What is Statistical
Process Control?

 Putting a process in pictures-
histograms, control charts,
graphs for understanding
variability.

 Analyzing pictures for deviate
behavior-looking at the shape
of the distribution and the
activity of the mean and range.

 Reacting to warnings given by
analysis-doing corrections
according to control -chart
rules and distribution
abnormalities.

 Blending mathematical inter-
pretations with technical
awareness of the process.
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tions in the training sessions along with frequent explanations
at meetings of the basic principles being applied. This process
is important in building a solid base of support.

 The use of "package" computer-analysis programs by the inex-
perienced can lead to incorrect solutions. Although the best
solution is to have individuals knowledgeable about statistics in
the organization, access to strong statistical strengths from con-
sulting groups, such as those at RCA Laboratories, is important.

 Patience, of course, is a virtue. This is the biggest challenge to
operating management who are used to making quick deci-
sions. Initially, designed experiments seem to take forever.
Once the value of the results becomes evident, the little extra
time to get results is worth the wait. As greater knowledge is
gained about the process and the product, simpler experiments
can be designed that are easier and quicker.

 Believe in SPC. SPC can point out problems even before there
are rejects. Ignoring such advance warnings has been ade-
quately demonstrated to be costly.

 The importance of material characteristics on the process can-
not be understated. Failure to appreciate this impact can hide
or divert attention away from the real causes of process or
performance problems.

 It is important that SPC not be viewed as a "Quality Control
program." It requires the total organization involvement and
commitment to accept the responsibility of reacting to changes
in the process without the "crises" of rejects.

Conclusion
The gains possible through statistical process control are real but
they do not come without cost. The cost is minor when consid-
ering the alternatives. Changes in philosophy and operating style
do not come easily. They require commitment, understanding,
and patience. The long-term rewards are great and are worth the
extra effort.

Proud of your hobby?
Why not share your hobby with others? Perhaps their interest will make your
hobby more satisfying. Or maybe you'll find others who already share your hobby

and who can help make your own efforts more rewarding.

The RCA Engineer likes to give credit to
engineers who use their technical

knowledge away from the job. We've
published articles about subjects as

diverse as a satellite weather station,
model aircraft and railroading, solar

heating, and an electronic fish finder.

For more information on how you can
participate in this feature of the RCA

Engineer, call your local EdRep (listed
on the inside back cover of the Engineer)
or contact Frank Strobl.
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D.E. Coleman P.G. Stein

Better yields, better understanding:
An example of statistical production engineering

When looking for machining defects in VideoDisc styli,
measured at the limits of light microscopy, RCA engineers
depended on statistical production engineering to ferret out
some of the hidden causes.

Statistical production engineering is an interdisciplinary proce-
dure by which manufacturing processes may be simultaneously
improved in both yield and product quality. This is accom-
plished through studies that increase our basic understanding of
how a process works. When we have this understanding, the
day-to-day operation of the process becomes more consistent
because the effects of adverse changes that occur in any manu-
facturing process can be corrected.

At RCA's VideoDisc cartridge plant at Rockville Road,
Indianapolis, the diamond stylus that reads the video signal from
a CED VideoDisc is plated, faceted, assembled into a plastic and
metal cartridge, and machined. A recent statistical production
engineering effort was successful in helping to improve this
manufacturing process, reducing rejects at one near -final step of
the process from 15 percent to 2 percent. This effort represented
a cooperation between VideoDisc cartridge personnel and statis-
ticians from the David Sarnoff Research Center. Some details of
this effort are presented here. They emphasize the concepts and
strategy used, so that application of the same techniques to other
processes may be easily understood.

The stylus and v -to -p

The cartridge is about the size of a box of paper clips, and one is
installed in each VideoDisc player manufactured by RCA in
Bloomington, Indiana. Cartridges are also distributed to be sold
as replacement parts. The process used to manufacture a stylus is

Abstract: Working as a member of a team of engineers and
other technical people, an industrial statistician can help solve
production problems. He or she does this by increasing the
understanding of cause -and -effect relationships between process
steps and product characteristics. This was done recently in
RCA's VideoDisc cartridge plant, with some significant results.

©1984 RCA Corporation
Final manuscript received February 8. 1984.
Reprint RE -29-2-5

unique, and is particularly hard to understand and control because
of the stylus's physical dimensions.

A stylus must be machined with tolerances of fractions of a
micrometer (one micrometer is 1/1,000,000 meter, or
0.00003937 inches). It is very difficult to see and measure frac-
tions of a micrometer, even with a good optical microscope or
shadowgraph. A micrometer is only as long as two wavelengths
of yellow light, and therefore perilously close to the ultimate
limits of light microscopy. Similarly, the actual processes used by
RCA to machine ("micromachine") the styli are impossible to
watch. Only snapshot views can be obtained by aborting the
micromachining process to take measurements-and this runs
the risk of introducing additional (and uncharacteristic) variation
in the process and product.

One problem that has concerned personnel at RCA's Video -
Disc cartridge plant involves the faceting and micromachining of
two geometric features of the VideoDisc stylus that are supposed
to be in the same spatial plane. One of them is called the "v
line," and the other is the "prow"-from an analogy to boating
(Fig. 1, next page).

The "v line" starts at the back of the bottom part of the
stylus which, seen from the rear (the electrode side), is shaped
like a "v." It continues forward for the entire length of the shoe
(that part of the stylus which rides in the VideoDisc groove.)
The prow is the lower front part of the stylus. It steers the stylus
along the groove.

The distance between the plane of the v line and the plane
of the prow, as optically measured at the apex, or lowest point
of the prow, is referred to as "v -to -prow off -center," or simply,
"v -to -p." In a geometrically perfect stylus, the v line should end
at the prow; a v -to -p of zero is best. V -to -p was one of the major
defect classes found at the visual inspection station following
final micromachining. It had been responsible for a cartridge
reject rate of about 15 percent at that station.

Strategy for tracking down v -to -p
Members of the RCA Laboratories Productivity and Quality
Assurance Research group were teamed with staff from the
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Fig.1. The VideoDisc cartridge stylus, with geometric fea-
tures noted. The "shoe" makes contact with the bottom of
the groove. The prow is the leading edge of the stylus. The
"v line" runs along the bottom center of the shoe. In a per-
fect stylus, the "v line" intersects the prow.

VideoDisc cartridge plant to track down the causes of v -to -p.
The ultimate goal was gaining a better understanding of these
causes so they could be reduced or eliminated. A number of
possible causes of v -to -p had been proposed and, through the use
of engineering judgment, partially ranked lists of these proposed
causes had been produced. There was general agreement that
v -to -p and its causes were poorly understood. Because of the
small dimensions and difficult measurements involved, though, it
was not clear that the rankings were correct, or that the lists
even contained the most important causes!

Divide and conquer

The strategy was to take a methodical and disciplined approach.
This was unlikely to find a quick solution to the problem, but
would guarantee that at each stage of investigation some knowl-
edge would be gained, thus shrinking the list of possible causes.
This "divide -and -conquer" strategy differs from the troubleshoot-
ing often seen in manufacturing, which uses a mixture of engi-
neering judgment and experience. In general, the statistical pro-
duction engineering approach does not promise immediate results.
It is therefore inappropriate to expect "quick fixes," but rather to
look for an evolutionary improvement due to deeper understand-
ing of the process. These results, though slower, can still be
dramatic.

The first step in this divide -and -conquer approach was to
determine the primary source (not cause) of v -to -p variability.
Was it due to v -to -p measurement variation (lack of repeatabil-
ity)? Stylus variation? Cartridge assembly variation? There are
four separate stations of micromachining equipment. Was there
variation among them, or were they all performing alike? There
are two micromachining media, types N and R, and different
micromachining tools are used. Did media or tools contribute
variation? Nobody knew for sure. The data available did not
point in a clear direction. To answer these questions, a hierarchi-
cal, or "nested," study was proposed based on the hierarchy of

VideoDisc stylus terminology

The following terms are used in the article and
describe the different alignment directions of the
VideoDisc stylus with respect to the VideoDisc
groove.

Lean: angle of the stylus as measured in line with
the disc groove.

Azimuth: rotational angle of the stylus as measured
between the disc groove line and the normal to the
electrode surface. The electrode surface should be
perpendicular (90°) to the side of the disc groove,
which corresponds to an azimuth of 0°.

Tilt: angle of the stylus to the side of disc groove.

Electrode facet angle: angle on the electrode face
from the prow facet to the vertical plane perpendicu-
lar to the electrode face.

Prow heading: angle of the heading of the line
formed by the intersection of the two prow facets
with respect to the disc groove centerline.

Shoulder -height induced angle: v -p offcenter that
occurs at setdown on the micromachining tool. It is
caused by the different shoulder heights of the tool
grooves.

the micromachining process. This "process capability study"
focused on the capability of the existing process to make car-
tridges free of v -to -p problems, to measure the variability of the
existing process, and to split this variability up into its separate
sources.

Process capability study

The hierarchy was natural, at least on a gross scale. First, there
were four micromachining stations. Second, on each station
either of two types of media could be used. These two parame-
ters could be chosen at will for the study. Third, for each type of
medium we had some sample micromachining tools all from the
same tool production run. Fourth, for each tool we had some
typical cartridges. These latter two parameters were sources of
variation that were taken as given, and were truly "nested." Call-
ing this situation nested means that while medium N could be
run on station 1 or on station 3, the medium of tool 37 could
not be changed, nor could we try tool 37 on different stations.
Similarly, we could micromachine a cartridge on only one
tool-hence on only one medium and on only one station. The
structure of the study is shown in Fig. 2. Additionally, some
cartridges were measured twice to give an estimate of the mea-
surement error.

Before the study was carried out, some technical staff and
some managers were asked to estimate the sources of variation
and their relative proportions. This was done in order to get
everyone to think in quantitative terms, to see a variety of ideas
about the variability, and to enable us to later measure what we
had learned from the study. The estimates from this exercise are
shown in Fig. 3.

The study was carried out in April, 1983. As the study
results in Fig. 3 illustrate, most (71 percent) of the v -to -p prob-
lem had its source in cartridge -to -cartridge variability. In other
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1st STATION

N MEDIUM

TOOLS:

R MEDIUM

ARM MAR
CARTRIDGES:

  
Fig. 2. Design of the process capability study. The natural hierarchy of the micro -
machining process is reflected in this designed study. The specific details of how
many media per station were used, how many tools per medium type were used,
etc. directly entered into the analysis of variance done on the data obtained.

4th

N MEDIUM

25 26 27 28

ARM

Source of
variability

Estimated total %
of variance Percentage variance predictions and (% off from study)

Person 1 Person 2 Person 3 Person 4 Person 5

Station 9 5 (- 4) 5 (- 4) 5 (- 4) 15 (+ 6) 13 (+ 4)
Medium 0 20 (+20) 20 (+20) 30 (+30) 25 (+25) 0 ( 0)
Tool 18 5 (-13) 40 (+22) 5 (-13) 15 (- 3) 12 (- 6)
Cartridge 71 60 (-11) 30 (-41) 40 (-31) 50 (-21) 50 (-21)
Measurement error 2 10 (+ 8) 5 (+ 3) 5 (+ 3) 5 (+ 3) 25 (+23)

Fig. 3. What we have learned from the study (4/7/83). Five people in the cartridge
manufacturing plant can quantify what they learned from this study. These five
gave predictions of variance components for each of the sources of variability iden-
tified in the study: station, medium on tool, tool, cartridge, and measurement error.
Here are the results in percent of total variability.

words, the cartridges were different from one another before
micromachining in an important (and unknown) way. This
unknown difference accounted for 71 percent of the variation
seen in the v -to -p measurement, while the differences among
stations, in the media, in the tools, and in the measurements
accounted for only 29%. That this cartridge -to -cartridge differ-
ence was the main source of variability was not a great surprise
(see Fig. 3), but the extent to which it accounted for v -to -p was
new information. This conclusion indicated that efforts should be
focused on cartridge -to -cartridge variation first.

To study cartridge -to -cartridge variation, a list of possible
causes of v -to -p was needed that indicated what could vary from
cartridge to cartridge. To generate this list, some information
from the cartridge plant was obtained and, in addition, a model-
ing technique was used.

Finding an ideal model

Independent of this Statistical Production Engineering effort, Dr.
A. Moldovan of the Princeton Labs had developed an "ideal

geometric micromachining" model that used a trigonometric
formula to compute what machining would occur when a stylus
with six specific geometric characteristics came into contact with
a tool with one specific geometric characteristic. The model
intentionally ignored such phenomena as resonances between
stylus and tool, changes in any part of the cartridge other than
the stylus during micromachining, nonuniformities in the machin-
ing medium, and the crystallographic orientation of the stylus.
Moldovan had integrated into the model those characteristics of
the stylus and tool that he thought were important and that he
thought could be modeled reasonably easily.

Previously, Moldovan had used his model for Monte Carlo
computer studies. He made distributional assumptions of interest
for the seven geometric variables, and essentially drew values for
these variables from the distributions for many thousands of
simulated cartridges. His formula gave a predicted v -to -p for
each group of seven variable settings. For any choice of distribu-
tions of the seven variables-each chosen to represent a manu-
facturing situation-an approximate distribution of v -to -p could
be computed. Additionally, since Moldovan's model includes an
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VARIABLE SETTING V-TO-P
THAT
RESULTS

VAR: 1 2 3 4 5 6 7

1 -0.3846
1 2 -0.2192
1 3 -0.1140

5 5 5 5 5 5 4 1.0012

5 5 5 5 5 5 5 1.0034

Fig. 4. Design of the simulation experiment. A 5 -to -the -7th
full factorial "experiment" was run using Dr. A. Moldovan's
"ideal micromachining" model. The data produced by the
model took this form.

T -Ratio

624 (1) Electrode Facet Right

622 (2) Electrode Facet Left

2205 (3) Tilt

1081 (4) Shoulder Height Induced Angle

3966 (5) Azimuth

3966 (6) Prow Heading

0 (7) Prow to (Normal-to-Disc)

298 (3) & (7) Interaction

The greater the T -ratio, the greater the statistical significance.
Greater than 4 is very significant.

Fig. 5. Results of the simulation experiment. A quantitative
ranking of the significance (and impact) of the control varia-
bles is given here, based on the regression analysis of the
2187 -observation subset of the 15625 observations.

analytic expression for v -to -p, the importance of the variables
could be roughly ranked.

The designed experiment

The approach taken for this study, however, was a little differ-
ent. In addition to providing some validation for the model, we
wanted to rank the importance of the variables, and to quantify
their relative importance in manufacturing. At the same time, it
was possible to investigate the impact of interaction and quad-
ratic effects as well as the linear effects. This would serve to
guide the effort in the next stage of tracking down v -to -p: the
performance of a designed experiment in the factory to identify
specific cartridge sources of v -to -p problems. To reach this objec-

tive, a simple designed experiment was planned for computer
simulation: a 5 -to -the -7th "full" factorial experimental design,
with every possible combination of five settings for each of the
seven variables. The five settings were:

(1) low end of spec;

(5) high end of spec;

(3) nominal (spec midpoint);

(2) midway between (1) and (3); and

(4) midway between (3) and (5).

Moldovan's model was used to get all the v -to -p estimates, as
shown in Fig. 4.

Since there were no random effects, including measurement
error, in this simulation experiment, no repeated estimates were
made for any combination of the settings. This design gave us
5X5X5X5X5X5X5 = 15625 v -to -p estimates. Settings (2) and
(4) were dropped, leaving 3X3X3X3X3X3X3 = 2187 v -to -p
estimates from which to make estimates of the linear, interaction,
and quadratic terms, using regression analysis. The rest of the
v -to -p estimates were used as a cross -validation, to "check the
fit" of the mathematical expression obtained from the regression
on the 2187 estimates.

The experimental results

The results of this experiment on simulated data are shown in
Fig. 5. In summary, the model had a good fit, good validation,
and the variables with the most statistically significant contribu-
tions to v -to -p were azimuth and prow -heading, tilt (half as sig-
nificant as azimuth and prow heading), shoulder -height induced
angle (half as significant as tilt), electrode facet angles (60 per-
cent as significant as shoulder -height induced angle) and the rest.
Quadratic terms were not important, but interactions were some-
what so-the most important of which (tilt and prow -to -nor-
mal -to -disc) occurred seventh on the ranked list of effects from
the regression analysis.

The next stage of investigation was to statistically design an
experiment that would give us estimates of the same terms, but
from "real" data-that is, cartridges produced in the VideoDisc
cartridge plant. It was impractical to consider actually setting all
seven of the simulation variables in the production environment.
Selection was made from the most important variables as identi-
fied by the simulation experiment, and an experiment was de-
signed using them. Making this choice is not as straightforward
as it may seem. In order to use variables that conform to the
structure of the designed experiment, the variables had to be able
to be set to predetermined values in the factory. The problem of
"setting error" was not commonly appreciated in the manufac-
turing situation. Processes designed to manufacture parts to a
nominal value cannot always specifically be changed to be able
to set a variable at a predetermined value other than the nomi-
nal. In addition, it was now necessary to address the problem of
measurement error in v -to -p, and in the variables themselves.
The process capability study had, fortunately, shown the mea-
surement error of v -to -p to be relatively small. If the measure-
ment error were unknown, it would be impossible to determine
the setting error of the variables.

After considerable discussion about the logistics, priorities,
and design, an experiment and a plan for carrying it out were
agreed upon. The key variables chosen were azimuth, prow
heading, and tilt. The design chosen was a two -cubed full factor -
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Setting or selecting?
Which is better for a designed experiment?

Should an attempt be made to build samples of a
product so as to set control variables at the levels
called for by the design, or can the output of routine
production generate the range of values required by
the design? To answer this question requires judg-
ment and experience on the part of the statistician
and the engineer, because there are tradeoffs to be
made.

On the one hand, if design points are chosen
that are somewhat moderate-that deviate only
slightly from the nominal-there will be a risk of see-
ing only local behavior or noise. This is analogous to
looking at a small slice of data that shows roughly
linear behavior. The advantage of choosing small
deviations is that it will be relatively simple to get
samples of the product that have the values required
by the design. This can be done either by slight pro-
cess modifications to set the control variables, or by
selecting from existing production.

On the other hand, if more extreme design
points are chosen, the study is more likely to see
causal behavior through the noise, at the risk of
detecting behavior uncharacteristic of possible con-

trol variable settings in production.
Setting control variables by modifying the pro-

cess runs two risks. First, modifying the process will
likely change more than just the control variable
intended. Second, it is impossible to modify the pro-
cess to obtain precisely the desired setting. This is
due both to setting error and measurement error.

Selection from current product to find samples
that conform to the design points runs three risks.
First, measurement error prevents us from obtaining
precisely the desired setting. Second, a selection of
product that has the desired characteristics may be
different from nominal product in other, unknown
ways. Third it may also be impractical to select from
current product. This is often the case for complex
designs.

For example, with a 2 -to -the -4th factorial exper-
iment design, with settings at the plus/minus two
standard deviations from the (nominal) mean, and
given that the control variables have a Gaussian dis-
tribution, there is a chance of 0.00000057 that any
given sample would meet a given design point.

The complexity of these issues and their impli-
cations for both statistician and engineer means that
it is important to address them early in the process
of planning a designed experiment.

ial with eight replicates to protect against setting error, and to
help estimate unexplained variability. This design is shown sche-
matically in Fig. 6. Each variable was planned to be set at two
settings, its specification low, and its specification high.

The data and results
In August of 1983 the experiment was conducted over a week's
period. After all the data had been collected, the results were
analyzed. Additional measurements were taken on the styli made
with synthetic diamonds, and these were also analyzed. The
results of the experiment are summarized in Fig. 7. In brief, it
was found that:

Fig. 6. Design of the v -to -p experiment. The design of the
v -to -p experiment called for eight cartridges to be built for
each of the eight possible combinations of tilt (3° L/ 3° R),
azimuth ( 3° L/ 3° R), and prow heading (3° L/ 3° R), total-
ing 8 x 8 = 64 cartridges for each type of diamond stylus,
natural and synthetic.

1. Setting error was serious-cartridges could not be specially
built as desired.

2. Right electrode facet angle, tilt, and azimuth were statistically
significant causes of v -to -p for synthetic diamonds.

3. Synthetic diamonds differed greatly from natural diamonds.

4. Right electrode facet angle and left electrode facet angle did
not behave with the same degree of importance in affecting
v -to -p.

The results of the analysis prompted the cartridge plant people to

T -Ratio

3.78 (1) Electrode Facet Right

2.15 (2) Electrode Facet Left

2.02 (3) Tilt

3.13

1.52

1.21

1.91

1.65

(5) Azimuth

(6) Prow Heading

(7)

(8) Force

(9) Bias

Prow to (Normal-to-Disc)

The greater the T -ratio, the greater the statistical significance.
Greater than 2 is probably significant.

Fig. 7. Results of v -to -p experiment. A quantitative ranking
of the significance and impact of both control variables and
other variables (measured on the cartridges after the exper-
iment was conducted) is shown here for the synthetic dia-
mond stylus.
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reexamine the faceting and assembly operations, where two of
the key variables, tilt and electrode facet angles, were set during
stylus manufacturing. These were of particular interest because
they were identified as the most important variables by the in -
plant experiment, because of the unequal magnitudes of the left
and right facet angles, and because of the interaction term of tilt
and prow -to -(normal -to -disc).

During this reexamination, it was discovered that the first
alignment fixture for prow faceting was skewed. This caused a
fixed shift away from the nominal. In order to produce accept-
able cartridges further on in the assembly process, the rest of the
faceting equipment had been set up to compensate for the hid-
den shift. Although this appeared to correct a problem, it actu-
ally compounded the problem and obscured the fact that there
was a problem. The compounding effect was a result of nonlin-
earities in the impact of one variable on another. Specifically,
when the tilt was not zero, the electrode facet angles could not
be properly set and measured. This in turn meant that the prow
angle could not be correctly set and measured.

Prompt effort went towards correcting not only the pri-
mary problem on the first faceting fixture, but the "cascade" of
problems that had been introduced because of the first problem.
The immediate impact of making these corrections was a reduc-
tion of v -to -p rejects from the 15 -percent level to the 5 -percent
level. Subsequent improvements of this sort have reduced the
reject level to about 2 percent. This reduction, coupled with the
fact that %-to-p causes only a soft failure (over the long term it
leads to an increase in noise in one of the stereo channels),
means that v -to -p alone no longer justifies an inspection after
micromachining.

It is anticipated that other problems, some which now do
justify inspection, will be discovered and solved using the syste-
matic methodology of statistical production engineering.

Summary
The reduction of the v -to -p problem in the VideoDisc cartridge
plant from about 15 percent to about 2 percent was the result of
a cooperative effort between Labs industrial statisticians and the
managers and technical people at the plant. The contribution of
the statisticians was an unbiased, statistically sound, and effective
collection of methodologies for investigating the problem. The
contribution of the VideoDisc cartridge plant people was com-
mitment to carry out the project at the risk of short-term produc-
tion losses, technical (especially engineering) expertise, and refresh-
ing candor to keep the statisticians on a path that made sound
engineering sense.

The systematic investigation described appears easy. In fact,
it was not as simple as it appears. The process capability study
turned out different from the way it had been designed. Geomet-
ric variables were frequently confused, since they are conceptu-
ally difficult to envision and can't be seen directly. Forty percent
of the data used in the first computer simulation experiment
were discovered to be incorrect. The design of the experiment to
study cartridge -to -cartridge variability was completely revised
four times.

The activities and benefits described here are but a fraction
of the successful work carried out by the people at RCA's
VideoDisc cartridge plant, in which statistical production engi-
neering techniques are used.
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J.W. Gaylord

Structuring the design
of factory information systems

Today's electronic manufacturing operations are complex,
highly technical, dynamic systems requiring astute
management. The Factory Information System (FIS) supporting
this management must be designed with help from system
specialists to be "used and useful."

AFactory Information System (FIS) is used to collect data,
convert it to information, and communicate the information to
people so they can use it to make decisions. The system also
assists in changing the decisions into actions that improve pro-
ductivity by communicating the control directives, derived from
the decisions, to appropriate people and machines whose loca-
tion and tasks are determined by the flow of product. The design
of an FIS is thus concerned with the flow of data, information,
control directives, and product.

Abstract: This article describes the methodology of Structured
Design as applied to Factory Information Systems (FIS). Struc-
tured Design provides four major benefits to the FIS designer
and user.

I. How the system is used becomes an integral part of the design
process.

2. The quality of the system is improved because a better "needs
analysis" occurs.

3. The effort expended to specify the system is reduced

4. Documentation for training system users is produced as part
of the design process.

The author has adapted the techniques of structured analy-
sis used for computer system design'. 2 for use in analyzing and
specifying the manufacturing system. The methods were applied
to the Automatic Component Insertion portion of the factory
information system (called FACTS) at RCA's TV chassis assem-
bly plant in Juarez, Mexico. A broadly inclusive application spec-
ification resulted that the Manufacturing Technology Center] of
the Consumer Electronics Division used as the guide for
implementation.

©1984 RCA Corporation
Final manuscript received January 24, 1984.
Reprint RE -29-2-6

Product, control, and data flow

The most obvious portion of the design concerns the flow of
product because this is physically observable. Product flow refers
to the movement of materials, or of assemblies being produced,
along well-defined physical paths. For continuously procR.ssed
materials, these paths are pipes, reactors, storage tanks, and so
on. Conveyors, moving belts or hangers, transfer machines, auto-
matic assembly machines, and robots, are some of the paths for
assembled products. Product -flow diagrams are essential for plant
layout, work -in -process control, and scheduling. They describe
the physical plant and form the basis for modeling the dynamics
of product movement.

Control flow is less obvious because it is not physically
apparent. It is the movement of verbal or written directives that
originate at some authority and pass through a chain of com-
mand to terminate in a directed action. Control flow begins with
decisions and ends with actions. The actions usually directly
impact product flow. The decisions usually originate with infor-
mation derived from the analysis of data.

Data flow is the movement of data through the process of
their collection, verification, analysis, conversion to information,
and presentation in easily understood form to an authority. Data
have always been collected to measure the performance of
manufacturing operations. Now, more accurate and larger quan-
tities of data can be collected by the use of sensors and comput-
ers. The computers also are used to do much of the data analysis
function and to present the derived information in graphical
form or summarized in management -by -exception reports.

The relationship between the flow of product, control, and
data is illustrated in Fig. 1. Motion around this flow loop is
continuous. The objective of all this motion is to learn from each
decision how to make the next one better. The shorter the cycle
time around the loop, the more chances there are to succeed.
The decisions being tested usually come from many people at
various levels of the manufacturing organization. The loop thus
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provides a way of evaluating many decisions simultaneously and
studying the interaction between these decisions.

Structured Design encompasses more than just the data and
information portion of the flow loop. Control flow and the
resulting actions taken with the manufacturing process are includ-
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Fig. 1. The data - information - control -action loop.
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ed as part of the design procedure. FIS users and designers par-
ticipate in defining how they will evaluate each type of informa-
tion, what the resulting directives will be, and who will be
responsible for converting these directives to action.

Because data collection and analysis have become much
more economically feasible, the quantity of available manufac-
turing data has increased. To maintain and improve the quality
of these data, better planning to determine the true manufactur-
ing data needs and how to meet them is required. Data, informa-
tion, and control -flow diagramming-along with the supporting
methodologies of mini -specifications, data dictionaries, and mock-
ups-are tools for manufacturing people to use to accomplish
this planning.

Data -flow diagramming
A data -flow diagram shows data needed for analysis and deci-
sion making, sources of the data, what the analysis is, and what
is done with the information produced by the analysis. The dia-
gramming technique greatly simplifies manufacturing needs analy-
sis, system design, and eventual system use by providing a com-
mon graphical document that people from widely varied dis-

ciplines can easily interpret and understand. The data -flow dia-
gram is a set of symbols representing sources and sinks for data,
actions taken using the data, data storage files, and documents
produced. Vectors are used to tell where and what data are
transferred between the symbols.

The symbols shown in Fig. 2 are suggested for manufactur-
ing systems. It is essential for clear and concise communication
that the same symbols be used by the many people from differ-
ent organizations who usually work on a manufacturing system
project.

A "source" symbol represents the origin of data. The origin
can be a person, machine, or any tangible physical thing that
produces data. The "sink" is a repository for data or for the
information that is derived from the data. Usually the sink is a
machine or person that needs the data to make decisions and
exercise control. Sources and sinks are terminators of the data -
flow diagram in the sense of initiating the flow and receiving the
results. The "action" symbol defines what is done with the data
to transform them into more useful information. Actions are
identified by a hierarchical numbering scheme that will be de-
scribed later in more detail. Data storage is represented by the
"files" symbol. The file symbol can have an optional "header" to
ease diagramming. These files are physically located in computer
storage devices (disks, memory, magnetic tapes, and so on).
"Documents" can also be used to store data but more often are
used to transfer information to a person, who can be thought of
as a "sink," for some "action." The "conduit vector" indicates
the path and direction of data flow. Its label defines the specific
data being conducted.

To illustrate data -flow diagramming, consider the task of
defining and documenting what a hypothetical production sys-
tem such as the familiar popcorn popper should do. The verb
"do" implies that the production system will take a series of
"actions" to accomplish specific tasks. The first specific task is to
test for out -of -control conditions in the popping process. The
action symbol is shown in Fig. 3.

The next step is to determine what data the system needs to
accomplish the "action." This is always some kind of data from
the generalized sources shown in Fig. 4. For the popper control
system the specific sources are shown in Fig. 5.
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The data -flow diagram also shows where the data and
information resulting from the "action" are used. The general
case is shown in Fig. 6. The popper -control system with reposi-
tories added is shown in Fig. 7.

The symbols of data -flow diagrams are connected together
to represent a series of actions. For example, the "test popper
control" action can be considered as three separate actions. The
first is the collection of temperature data. The second is the pro-
cessing of these data along with the control limits to establish
whether the process is in control. The third is the plotting of a
control chart. The data -flow diagram of Fig. 7 is expanded to
show this greater detail in Fig. 8.

Data -flow diagrams can thus be expanded by breaking
down actions into greater detail. Conversely, they can be con-
tracted into simpler, less -detailed representations by combining
multiple actions into a single action. The choice depends on the
complexity of the action and the level of detail desired. The rule
of thumb is to keep each diagram size small enough to fit on an
8 -inch by 11 -inch page.

Most systems require a number of diagram levels for ade-
quate definition. The top level uses actions that are very broad in
scope. These actions are represented in greater and greater detail
in the underlying diagram levels. The diagram levels are desig-
nated by a hierarchical numbering system. For example the first
level of the "test popper control" action of Fig. 7 is identified
with the number "1." In Fig. 8 this same action is divided into
three actions. They are identified as 1.1, 1.2, and 1.3.

If a shift occurs in the average measured temperature, the
temperature setting of the popper controller has to be adjusted.
The first -level diagram of Fig. 7 then would change to include
the control loop as shown in Fig. 9. The more detailed data -flow
diagram describing the "Reset Thermostat" action would be
comprised of a series of detailed actions labeled 2.1, 2.2, 2.3, and
so on.

If this were done, the popcorn -popper system would be
described by a single first -level and two second -level diagrams,
with all of them fitting on three 8 -inch by 11 -inch pages. These
pages, like the contents of a good reference book, provide both a
broadly scoped and a detailed description of what is to happen.
In addition they lead, like an index, to the necessary supporting
documents that completely define the system. These documents
are the mini -specification, data dictionary, and mock-ups to be
described later in this article.

The second -level actions can be further detailed by creating
a third level (for example, 1.1.1, 1.1.2, 1.1.3, . . . .) and so forth.
In this way, any action can be divided into greater and greater
detail until it reaches the level necessary for system implementa-
tion. The action "symbols" are labeled hierarchically as illus-
trated so that the documentation can be easily organized.

CONTROL DATA

oos

Fig. 5. Popper control -system data sources.

A powerful aspect of this methodology is its modularity.
An action symbol represents a module. It can be changed with-
out affecting the other modules, and therefore without affecting
the total system design. This independence occurs because each
action module at any level is a "black box" with certain inputs
and outputs. As long as these inputs and outputs remain the
same, the system doesn't care what goes on in detail within the
action module.

This modularity can be represented on the data -flow dia-
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gram by boundaries around an action or groups of actions. For
example, if the action 1.2 in Fig. 8 is found to use computer
resources very poorly, thus slowing down the responsiveness of
the popcorn manufacturing system, it can be changed by perhaps
making hardware or software modifications. This can occur
without the propagation of changes through the rest of the sys-
tem because the input across the boundary (from the data record
and control data files) and the output across the boundary (to
generate the control chart) remain the same.

We have seen that actions can be combined or divided.
This leads, a priori, to the conclusion that the module boundary
can encompass a number of actions. This is illustrated by actions
1, 2, and 3 in Fig. 10.

The bounded area can be considered as a module that can
be changed independently, as long as the type of data transferred
by the vectors crossing the boundary does not change. The
boundary can also define a physical area where the described
actions take place. For instance, it may represent a specific
machine, department, or building of the plant complex. Systems
designed with the aid of structured methodology can automati-
cally provide the desired independence between organizations by
using the boundary concept and simultaneously tie the organiza-
tions together through the data -flow paths (conduit vectors).

To preserve the advantage of modularity, whatever crosses
the boundary must remain invariant. The boundary is also a
very convenient way to specifically define the interface between
people, machines, and organizations. This helps to clarify system
user responsibilities during needs analysis and later during the
start-up of production use. The use of boundaries to separate
men and machines is illustrated in Fig. 11. The area to the right
of the boundary is the computer system. The area to the left is
the human environment. Data that cross the boundary into the
computer must originate with people. Data from the computer,
intended for people, cross the boundary in the opposite direction.
To design and optimize the human interface of a computer -
based system, one only has to address the problems defined by
the data flow across the boundary. This greatly simplifies the
interface problem by specifically defining what the issues are and
where they occur. When the system has multiple users, in differ-
ent locations, and at different organizational levels, the boundary
technique helps communicate and clarify these issues.

Modularity is an intrinsic quality of data -flow diagram-
ming. If data -flow diagrams are used to define what a system
should do and the system is so implemented, it will be inherently
modular. This means the system can more easily evolve as needs
change with time.

Mini -specifications
The mini -specification is a detailed description of a single "action"
described in a data -flow diagram. The label of an "action" sym-
bol suffices for the broadly scoped data -flow diagram, but is not
detailed enough to adequately define how the action is to be
carried out. The term "mini" relates to the narrowly detailed
scope of each specification.

A mini -specification accompanies every "action" symbol of
the data -flow diagram. Each mini -specification is identified by
the same number as its corresponding "action" symbol. For
example, the Corn -Popper Data -Flow diagram of Fig. 8 has an
action symbol labeled, "1.1 Collect Data." The mini -specifica-
tion for this action would be identified as, "1.1 Collect Data
Mini -Spec."
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The form of the mini -specification should be as simple and
concise as possible. It is the primary document used by software
engineers to create programs that accomplish the desired "action."
It is usually written in a structured format called "structured
English" to conform to modern programming objectives of porta-
bility and documentation. If structured English is used, the pro-
grammer has an easier job converting the specification into the
specific structured software language(s) used for the system.4

Structured English consists of a set of key words written in
a format that adds meaning to the key words. The most com-
mon format is indentation. Every level of indentation indicates a
subset of commands that are to be executed until a logical con-
clusion is reached. The basic key words and their logic are
shown in Fig. 12.

The level of command -line indentation, combined with the
key words, conveys the logic form to be used. Other ordinary
English words are also used to increase the information content
of the commands and to make the specification more intelligible.

There are four basic forms of logic required to define the
actions of a data -flow diagram. They are serial commands,
branching commands, repetitive -looping commands, and looping
commands with internal exits. These various forms are discussed
in the following paragraphs.

Sequentially executed serial commands are written as a
column of left -justified statements at the same level of indenta-
tion. Figure 13 illustrates a mini -specification composed of the
serial -command sequence for the action symbol "1.1 Collect
Data" of Fig. 8.

Decisions are a major function of any computer -based
manufacturing system. Decisions involve "branching" to the var-
ious alternatives available for action after a "test" is made. The
decision logic and key words for branching commands are also
shown in Fig. 12. The key word combinations of "IF' and
"OTHERWISE" or "WHEN" and "ELSE" describe single-

choice branches. Multiple-choice branches can be made by com-
bining single branches or by using the key word "SELECT."

Branching commands are needed for many applications.
For example, suppose that when the corn -popper manufacturing
system tries to store the data record referred to in Fig. 13, the
power to the disk is turned off and the store cannot be executed.
The system designer should take care of this contingency by
adding a branch to the end of the mini -specification. The com-
mand sequence shown in Fig. 13 would then appear as Fig. 14.

The third form of logic is repetitive looping. This is the
repeated execution of the same command or series of commands
until a test condition is met. The key words and logic for looping
are also shown in Fig. 12. The test that ends the repetition can
be done before or after the series of commands is executed. If it
is done before, the key word is "UNTIL" or "WHILE." If the
test is made after the loop is executed the key words are
"REPEAT UNTIL" or "REPEAT WHILE." As an example, to
make the whistling more effective the mini -specification could
read the way it's given in Fig. 15.

The commands within the loop in this example are desig-
nated by indentation under the "until" -condition test statement.
After the indented loop has been executed six times, the program
exits the loop and shuts down the popper.

The fourth form of logic needed for manufacturing system
control is the loop with exit shown in Fig. 12. To illustrate loop
with exit, suppose a response is required from the popper opera-
tor prior to shutting down the popper. This would be a way to
save the in -process product. Since the operator may on occasion
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Fig. 12. Structured -English key words and logic.

Request temperature reading from popper

Store temperature in data record

Request date and time from clock

Store date and time in data record

Store data record on disk

Continue

Fig. 13. 1.1 Collect data mini -spec.

Request temperature reading from popper

Store temperature in data record

Request date and time from clock

Store data and time in data record

Store data record on disk

If data record is stored

Continue

Otherwise

Blow whistle for 10 seconds

Shut down popper

Continue

Fig. 14. 1.1 Collect data mini -spec with branch.
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Request temperature reading from popper

Store temperature in data record

Request date and time from clock

Store data and time in data record

Store data record on disk

If data record is stored

Continue

Otherwise

Until 6 times

Blow whistle for 10 seconds

Wait 60 seconds

Shut down popper

Continue

Fig. 15. 1.1 Collect data mini -spec with branching and whis-
tle control.

Request temperature reading from popper

Store temperature in data record

Request date and time from clock

Store date and time in data record

Store data record on disk

Loop

If loop done 6 times

Shut down popper

Exit loop

Exit if data record is stored

Otherwise

Blow whistle 10 seconds

Wait 60 seconds

Exit if operator shuts off popper

Otherwise continue loop

Continue

Fig. 16. 1.1 Collect data mini -spec including branching, whis-
tle control, and shutdown.

not be present when the whistle blows, it is also necessary that
the whistling be limited to six blasts and not continue indefi-
nitely. It is also necessary to shut down the popper automatically
if the operator does not return to avoid damage to the equipment.

The mini -specification could now appear as in Fig. 16.
The mini -specification thus becomes a very concise docu-

ment of detailed commands configured in a format consistent
with modern structured programming. The format also imposes
modularity. This is best illustrated by the logic diagrams of Fig.
12. Each of these diagrams have only one starting and one end -

C1 Production calendar

For each year (A8)

For each day (A8)

For each shift (11)

Shift length in hours (F2.1)

C2 Configuration file

For each machine in plant

Machine ID (12)

C3 Recipe to model cross index

For each recipe ID (A4)

Model name (A10)

D1 Machine data

For each machine

For each shift

Machine ID (12)

Shift date (A8)

Shift ID (11)

For each recipe used

Recipe ID (A4)

Production output (14)

RI Monthly production output report

For each month

For each model

Model name (A10)

Units produced (1-4)

Units per machine hour (14)

Fig. 17. Example data dictionary.

ing point. Between the start and end points, a module has been
defined that is independent of any other logic intrusion. This
independence, like the modularity imposed by the data -flow dia-
gram, makes software changes and growth much easier.

The data dictionary
The data dictionary describes the contents of files and documents
represented on the data -flow diagram. These files and documents
are usually defined on the diagram and in the data dictionary by
the same letter -number combination. The letter identifies the
type of data stored in the file or the type of document, and the
number identifies the specific contents. Common letter prefixes
used are:

D = Data from manufacturing operations, machines,
and so on;

S = Standards for the manufacturing operation that are
relatively constant;

C = Configuration data describing the contents
of the factory;
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PR = Process recipes; and

R = Reports.

The user defines these prefixes to meet the needs of the particu-
lar system. An example of a data dictionary is shown in Fig. 17.

The alphanumeric code to the right of dictionary entries
defines the type and precision of the data stored. These codes are
not the same as FORTRAN field specifications that include the
spaces for signs, decimal points, and so on. The user can also
define these codes to meet specific needs. The codes used in this
example are:

A = Use alphanumeric characters.

I = Use integer numbers.

F = Use fixed-point (decimal) numbers.

The number associated with these letters tells how many charac-
ters or numbers will have to be stored for each entry. For exam-
ple, A8 means the entry for this data is composed of 8 alpha-
numeric characters. 12 means two integers.

For fixed point, the number to the left of the decimal tells
how many whole integers are used and the number to the right
of the decimal tells how many digits are to the right of the
decimal. For example, F2.3 means it is a fixed-point number
with 2 whole integers and 3 digits in the fractional part (for
example, 54.358). A minus sign placed after the code letter is
used to show that the number can be negative. The absence of a
sign means that only positive numbers can occur. For example,
the UNITS PRODUCED filed in RI is shown as (I-4). This
means production is anticipated to be as large as tens of thou-
sands, requiring four integers to quantify the magnitude. The (-)
means that because of scrap, the magnitude of the units pro-
duced can occasionally be negative.

The data structure is inferred by the form of the data dic-
tionary. Like the mini -spec, the data dictionary uses indentation
to denote subsets of data. This relationship is a particularly valu-
able guide to setting up the owner -member relationships of the
database or file system used for data storage.

During the needs -analysis phase of a Factory Information
System Design the data dictionary grows, along with the data -
flow diagram, mock-ups, and mini -specs, to describe the required
system. The data dictionary becomes the document that de-
scribes the content of the manufacturing database. It is used as
the guide for database design because it inherently contains not
only the required data but the data structure (relationships).

The mock-up

The mock-up is a prototype report, chart, graph, or plot that
describes by example the exact form and content of the docu-
ments to be produced by the system. The mock-up is very easy
for system users to appreciate and understand. The popcorn -
production system produces a control chart for the superintend-
ent (see Fig. 8). The mock-up of this chart is shown in Fig. 18.

Procedure for implementation
Doing a Structured System Design using data -flow diagrams,
mini -specifications, data dictionaries, and mock-ups is not a nice,
straightforward, serial set of tasks. The value of this methodology
is its recognition that the creative planning process occurs from
looking at a problem both broadly and in detail, and from var-
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Fig. 18. Popcorn -popper control chart mock-up.
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Fig. 19. Procedure for structured systems design.
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ious viewpoints simultaneously. A technique the author uses to
accomplish this is to lay out on a desk four piles of the above
documents with work room in the center. Each pile contains the
same type of document. The engineer achieves the system design
by moving within the data -flow diagram and mini -specification
piles to produce varying degrees of detail and from pile to pile
for varying viewpoints. This technique is illustrated in Fig. 19.
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J. Platt

Analysis of lot cycletime
in microelectronics manufacture

Knowledge of cycletimes is important to both manufacturing
and production control.

Within the solid-state industry, product
is moved through circuit -fabrication pro-
cessing in groups of 24 to 96 units called
"lots." These lots, while following the same
general type of process flow, adhere to
predefined sets of operations called pro-
cesses. Each process is a unique route where-
by raw silicon is turned into a group of
identical finished circuits. Each process de-
rives its uniqueness from the number of
steps, sequence of steps, or the amount of
time necessary to perform the steps. Mea-
surement of the elapsed time consumed in
processing, or cycletime, is one measure of
the effectiveness of the manufacturing pro-
cess.

Cycletime can be defined as the elapsed
time that a wafer lot uses in traversing a

Abstract: The manufacturing perspective
from RCA Solid State Division in Findlay,
Ohio, is given here. Periodic surveillance
of microelectronics -circuit -lot cycletimes,
on a by -type and by -location basis, will
indicate the degree of control present, the
room for improvement, and the changes in
operating conditions in manufacturing.
Use of scheduling algorithms separate
from management control methods will
allow better, on -time production of wafers
by type.

@1984 RCA Corporation
Final manuscript received February 20, 1984.
Reprint RE -29-2-7

report point, or location (Fig. 1). It is

measured by taking the difference between
the time a lot moves into a location and
the time it moves into the next location,
relative to a production calendar that elim-
inates weekends, holidays, and other non -
production time.

In the linear circuit fabrication area at
RCA Solid State Division in Findlay, Ohio,
an online computer system called PMC
(Process Monitor and Control) collects lo-
gistics data on the movement of product.
The software system was written by the
Solid State Technology Center and runs
on a Data General Eclipse 300 minicom-
puter. This logistics data has been extracted
for analysis by manufacturing supervision
using a combination of system -supplied
utilities and user -written BASIC language
programs.

Cycletimes: Two points of view
Knowledge of cycletimes is important to
both manufacturing and production con-
trol. Management -control methods concen-
trate on creating a repeatable, dependable
performance from a system composed of a
multitude of people, processes, and "grem-
lins." Sometimes the methods even succeed.
The result is a performance that varies, but
averages to a repeatable set of values in
both cycletime and yield to good product.

Manufacturing supervision concentrates
on providing a continuous flow of events

without detailed regard for the identity of
the specific product in the flow. This Aggre-
gate Inventory Management (AIM) system
is designed to cause normal results for all
product at all times, relying on the proper
and timely injection of materials into the
line to cause the proper output mix. AIM
uses exception conditions to cause reme-
dial action. Therefore, a need arises to
know what is meant by "normal," relative
to product movement.

Production control, on the other hand,
views manufacturing on the average, treat-
ing cycletime as a repeatable, machine -like
phenomenon that will deliver specific prod-
uct to specific customers in a precisely
stated time. Use of the average value as

TYPE

I OTT I_ OP I DAT I SH

11 R PHOTO
31220 NM APPLY SIR
31221 WORE II IR
31222 DEVELOP SU
31223 P13 NV SEM
31727 Uk I ETCH SU
31221 ETCH NIP RIR
31229 RES PRA ERR
MOO I R

REPORT AT NM

Fig.1. An excerpt from a lot card. "Base -
and -resistor" photoengraving is one of
fourteen locations, representing 8 of the
100 operations, in a simple bipolar pro-
cess.
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Fig. 2. Location -8500 graph. The distribution of lot cycletimes through base -and -
resistor photoengraving is given. Theoretical cycletime is about 8 hours. Each aster-
isk represents 1.76 lots in the multi -asterisk columns.

the scheduling -model cycletime, therefore, data samples that can reveal patterns more
guarantees that about 50 percent of the
product being scheduled will arrive before
it is needed, and 50 percent will arrive
after it is wanted. The implication is clear.
Manufacturing control systems must be sep-
arated from scheduling systems, although
the relationship between the two must be
maintained. A suggestion on what this rela-
tionship might be is contained in the con-
clusion of this article.

Surveying and analyzing
lot cycletimes
Periodic surveillance of lot cycletimes on a
by -type, by -location basis will indicate the
degree of control present, the room for
improvement, and the changes in operat-
ing conditions in a manufacturing area.

At the type level, a move through a
location represents a standard and calcu-
lable amount of work called "theoretical"
cycletime. The average actual cycletime
compared to the theoretical time is a "mul-
tiplier," often used as a figure of merit
without proof of its applicability. In prac-
tice, it is more instructive simply to ana-
lyze the distribution of actual cycletimes
without reference to theoretical cycletime.
To the extent that types are nearly identi-
cal in processing, aggregates by product or
process can be made, to generate larger

easily.
For ease of analysis, the cycletime data

is presented in graphic form. In the at-
tached examples, the data was rationalized
for presentation on single sheets of paper.
A maximum of 50 vertical quantity buckets
and 100 horizontal time buckets are dis-
played for any event (Fig. 2). The vertical
buckets were ratioed so that the mode, if
greater than 50, equals 50, and all other
buckets are proportional. Time is treated
differently. Because we knew beforehand
that a 4 -day (96 -hour) horizon will fit 99
percent of the lots, the elapsed hours were
displayed as found, except that lot times in
excess of 96 hours were cumulated in
bucket "97." In this way, no time distor-
tion was introduced, permitting direct vi-
sual comparison of time distributions from
one location to another. Total cycletimes,
whose values range from 8 to 25 days,
were displayed in shifts, on a straight "di-
vide -by -8" basis.

Simple statistics are displayed: number
of lots, gross average time, total hours
cumulated in bucket "97." After publica-
tion, a net average time is calculated by
rejecting cycletimes on the somewhat arbi-
trary minimum/maximum limits set visu-
ally as not being part of the "normal" flow
of product. The rationale for rejection is
that times below a clearly definable min-

imum processing time are "catch-up" report-
ing, and excessively long times are the
offsetting unreported lot movements, or
are "engineering -hold" conditions and not
a part of regular scheduled processing.

Visual inspection of the resulting ration-
alized graphs revealed that:

1. Theoretical cycletime becomes apparent
as the minimum time on the graph,
assuming that in a large sample some
few lots will, by chance, move in theo-
retical time (Fig. 2).

2. As with any manually controlled sys-
tem, times distribute themselves in a
skew -normal curve, with a right-hand
tail of significant length that, in turn,
increases the arithmetic average well
above the median time (Fig. 3).

3. The range of the curve and the slope of
the left-hand side of the distribution are
an accurate presentation of the amount
of conscious control being exercised over
product movement. The more effective
the management that is being exercised,
the more highly modal is the curve; the
less, the more randomly are events distrib-
uted.

A shop that runs FIFO (First In,
First Out) concentrates on moving prod-
uct through an operation in the order
of arrival and as soon as possible. Since
there must be some minimum proces-
sing time, the closer to that minimum
that lots move through the operation,
the less time they are simply waiting
around to be processed; therefore, the
more effective is the management con-
trol that is orchestrating that move.
Please note that "management control"
embraces operator training, proper equip-
ment, materials, manpower, guidance
and motivation, and not just a whip
and a chair.

4. Cyclical events can be seen as multi -
modal distributions, as, for example, in
the case of a long processing time
through a limited facility that accumu-
lates randomly arriving product for re-
lease in large waves (Fig. 4).

5. Production lots contain different circuits
for different customers. At a given facil-
ity, the lots arriving may not be pro-
cess -compatible, meaning that they must
constitute their own batch because of
differences in gas flow, time, tempera-
ture, and so on. Even when they are
compatible, units are not interchange-
able between lots. Therefore, in build-
ing a batch load, each lot must be
loaded in such a manner that its iden-
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tity can be maintained, allowing subse-
quent resegregation into its original lot.
Being only human, one tends to "cherry
pick"; one runs lots in the order that
causes the least physical and/or mental
effort. Since "cherry picking" violates
FIFO processing, it is a constant source
of frustration to the supervisor as he
attempts to minimize its continual reap-
pearance.

The modality of the curve and the
slope of the right-hand side of the dis-
tribution will generally indicate the "bunch-
ing" effect of high -volume types when
viewing an aggregated sample (Fig. 3).
High volume at close to minimum time,
with a gradual falloff of volume to the
longer times, seems to indicate that a
high -volume type will "capture" a pro-
cessing system and will release it only
after exhausting the inventory of that
type. This releasc is followed by another
capture by the next highest volume type.
The extreme times will generally belong
to minority types that tend to be ignored
even when no change in set-up is need-
ed, acknowledging the greater mental
effort necessary to combine unlike types
to generate a full batch, and then to
split them back to individual lots after
processing (see point 3 above on effec-
tive management).

Corrective action
Analysis of the resultant graphs can give
rise to a variety of corrective actions:

1. Where a significant theoretical cycle -
time is observed, a radical process
change is required to improve through-
put time. This often requires an infu-
sion of capital. For example, if 13,000
angstroms of silicon dioxide must be
deposited on each wafer, doubling the
deposition rate would cut the cycletime
roughly in half. Usually, the deposition
rate is already at the maximum for that
type of machine, requiring that a new,
and more expensive, machine be pur-
chased. Running smaller batches more
frequently could also reduce the wait-
ing portion of cycletime, but again, more
machines would have to be obtained.

2. Multimodal distributions can be ana-
lyzed for the cause of the cyclic effect.
It may be due to a manpower alloca-
tion or a critical, long -process -time facil-
ity that restricts smooth flow. Again, a
dollar -for -time tradeoff decision can be
made (Fig. 4).

3. A location whose normalized average

LOCATION = 9700

rY*.*
00.

YMM..
..MY»
YYM
YMw
rrr

...*

r r r
rr *

r

ALUM EVAP RUNDATE . AUG 16, 1982

 * r.*0.0 S... r
000

rr **r 0*

AVERAGE MINIMUM MAXIMUM COUNT OFLOW SUM ORLON CT SCALE

17.86 .32 94.97 2136 .00 3.34

Fig. 3. Location -9700 graph. Aluminum evaporation, a bottleneck facility, exhibits
the "capture" phenomenon. Theoretical minimum is about 1.5 hours. Compare the
mean of 17.86 hours and the median of about 12 hours to the minimum.
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Fig. 4. Location -10200 graph. The gold-plate operation in the tri-metal process
section is the subject. Manning only on first shift leads to product release within 8
or 24 hours of arrival.

is many multiples of theoretical cycle -
time is probably a bottleneck facility.
As such, it will permit constant flow of
product, but the maximum output rate
is very close to the average arrival rate,
causing a relatively high and constant
average throughput time. Either an addi-
tional facility must be provided to in-
crease the output -to -arrival ratio (assum-
ing an efficient processing method is in
place), or a management method must
be installed to ensure that lots are moved
in the proper priority sequence, for exam-
ple, FIFO, type -sensitive, and so on, to
meet plant objectives.

An aluminum deposition system
capable of processing 750 units per day
is matched to an arrival rate of 750 per
day. While capacity is theoretically suf-
ficient, arrivals are never exactly linear,
allowing dead time on the system. Surges
of product then cause inventory build-
up, even though the average arrival rate
remains constant. Mechanical break-
downs will cause product to accumu-
late also, thereby generating queue, or
wait, time for each lot until overtime or
sheer effort is focussed to reduce the
backlog. When such a condition arises,
a distortion to cycletime is introduced.
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Deposition of a protective layer of silicon dioxide on the almost -finished wafer
permits later handling of the individual circuit in the assembly process, and imparts
desired electrical or reliability characteristics.

The movement of product through the
facility must be ordered by manage-
ment according to priority until the cause
for delay is eliminated (Fig. 3).

Available management tools

Exception lot report

One management tool that can readily be
developed is an exception lot report. Each
lot is tested against a by -type time limit
appropriate to that location. The limits are
arrived at pragmatically from normalized
actual history. Those lots that exceed the
limit are flagged to supervision for investi-
gation and expediting. The effect is to "chop
off" the right-hand tail of the curve before
the extended cycletimes can degrade aver-
age performance. Another result is to nar-
row significantly the range of times within
a location. This in turn reduces the advan-
tage of a total inventory prioritizing system
(for example, AP/D), since LIFO (Last

In, First Out) processing no longer gains
great chunks of time advantage.

AP/D, the activity planner/dispatch sys-
tem, is a vendor -written system that plans
intended activity, then monitors actual per-
formance. The monitoring function is pro-
vided by comparing the planned time for
completion of a lot to the remaining actual
time. The highest ratio of planned to actual
time indicates the most urgency, and hence
determines the lot to be moved first. Where
a process moves in essentially random or-
der, accelerating a lot to the head of a line
will gain time. However, in a tightly con-
trolled process, the difference between mini-
mum and maximum times will be small,
reducing the gain to be made by expend-
ing exceptional effort. The major problem
associated with such a system is that it has
a single -valued priority scheme. When vol-
umes are low relative to capacity, any
priority scheme will move product. Near
capacity, when a customer -oriented prior-
ity becomes critical, the single -valued late-

ness measure will give false priorities since,
historically, due dates are not maintained
in the hectic atmosphere of day-to-day
survival.

At the same time, priorities are estab-
lished for all lots at all locations. Some lots
may be acceptably late in view of volume,
while others are critically late. Yet all loca-
tions and all lots clamor for attention by
the very existence of a list. Since a lot may
be anywhere within the six to ten opera-
tions comprising a logistics system loca-
tion, much supervisory effort is required to
find the #1 lot, do something extraordi-
nary to it, then find #2, all the while trying
to avoid disturbing the "normal" flow of
product-all of this while attempting to
sort out system -generated priorities from
management -directed priorities. An excep-
tion report places effort in areas where
supervisory action can make a difference,
where abnormal things are happening (or
failing to happen), and the report ignores
areas where things are happening normally.
It also looks only at lots that are already
abnormal, ignoring the rest. Since supervi-
sory effort is also a scarce resource, effec-
tive rationing means applying it where it
can return the most value-in correcting
the correctable.

An aggregate inventory management sys-
tem using exception reporting is always
more economical of effort than a 100 per-
cent line -item system, and is generally more
dependable in its application across shifts
and supervisors, since all supervisors are
reacting to the same known set of abnor-
malities.

Graphs

A second tool is the periodic publication
and comparison of the graphs. Any shift in
centering or change in shape or range sig-
nifies a change in manufacturing condi-
tions. Analysis of these changes will deter-
mine whether corrective action is needed,
help indicate the type of action needed,
and equally important, limit the action to
those areas that will benefit. This analysis
can be aided by publication of relevant
figures of merit such as average lot size,
number of types and processes active, min-
imum/maximum number of lots of a type,
and so on. If desired, statistical analysis is
available to test the significance of an appar-
ent change, or to predict future behavior
of product under projected conditions.

The primary tests to be applied are cal-
culating the mean and standard deviations
of the new and old distributions. The null
hypothesis then tests, to whatever level of
significance desired, the existence of true
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change. Bear in mind that this system is
designed to be used for rapid evaluation
and corrective action. There is no substi-
tute for an experienced supervisor who
can look at a set of histograms, offset his
feel for changes in product mix, discount
weather and operator attendance, and arrive
at corrective action necessary to restore
baseline performance.

This analysis can also be used to aid in
overall ontime delivery of product. When
manufacturing is operating under an AIM
system, lots will be processed in random
order through operation sequences with
the AIM controls designed only to keep
all product moving in an orderly manner.
The output total cycletime is, therefore, a
normal distribution about an average value,
ranging from a low of theoretical cycle -
time to a high of slightly greater distance
from average than the low. A spread above
and below average of 30 percent of the
average is not unusual (that is, a 15 -day
average will deliver product within a range
of 10.5 to 19.5 days after its start date).

Summary
Average cycletime, by -type operation, se-
quence time limits, and continuing analy-
sis of cycletime performance must be used
as a part of an Aggregate Inventory Man-
agement system designed to stabilize and
improve product -delivery cycles, or detect
and correct problems early on.

Production control need only make a
small change to its view of manufacturing
in order to take advantage of the cycle-

time -enforcing mechanism in an AIM sys-
tem. The start dates of product into a line
must use a "percent -of -delivery" concept
to inject material such that a stated per-
centage of the product will be available by
a desired date for delivery to a customer
or offshore plant (Fig. 5).

This apparent addition of up to 30 per-
cent more cycletime is not in fact an addi-
tion. It is simply a recognition of what will
happen anyway so far as product delivery
is concerned. Because the manufacturing-

line speed controls remain unchanged, no
additional inventory is created over the
present method. If all types were instan-
taneously switched over to a promise -date
starting schedule, there would be a self-
correcting blip in the line while the "50 -
percent late" lots cleared to sales. This
condition would last about one cycle while
AIM and capacity limits returned the line
to a smooth, dependable flow of product.

This graphic analysis of cycletime is now
being adapted for use with the IC -10 sys-

The etch and inspect line. Chemical etch sinks and rinse tanks are on the right.
Binocular microscopes on the left are under laminar flow to combat particulate
contamination.

LOCATION ALL

Is-- 121 DAY AWL

18.5 DAY 1681

ALL LOCATIONS RUNDAJE 6 AUG 16, 1982

4

44 44
0 10 20 30 40 50 60 70 80 90

AVERAGE MINIMUM MAXIMUM COUNT °FLOM SUM OFLOW CT SCALE

37 , 56

NOTE - TIME SCALE 8:1

Fig. 5. Location -all graph. Total cycletime from raw silicon to untested circuits is
represented. Manufacturing controls movement on a 125 -day average performance.
Production control should inject material into the line 19 days prior to need.
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Photoresist flow diagram

Photoresist is deposited and
spun onto the wafer in a smooth
and even coat.

The wafers are baked, after the
coating process, to remove any
residual solvent left in the resist
and to improve the adhesion of
the resist to the wafer.

The current mask pattern is
aligned to the wafer, or to the
previous pattern or patterns, and
the wafer is exposed to ultraviolet
light.

Unpolymerized resist (resist that
was not hardened during expo-
sure) is washed off.

The wafers are inspected, after
development, for flaws in the cur-
rent photoresist pattern such as
misalignment, scratches, pin-
holes, and so on. Rejects are
stripped of photoresist and sent
back through the recycle loop
shown.

The wafers are baked again to
ensure that the resist is hardened
and moisture free. They are then
immersed in an acid. In the areas
that are not covered by photo -
resist, the oxide or metal is
etched away.

The wafers are inspected, after
etching, for flaws in the etch pro-
cess. Wafers that have not been
etched long enough are re -
etched until they are clear.

The wafers are immersed in a
solution to remove the no -longer -
needed photoresist.

Wafers are inspected to ensure
that all the photoresist has been
removed. Wafers that have not
been completely stripped are
reprocessed back through resist
or chemistry removal.

Photoresist flow diagram. Diagram of the photoengraving process. Alignment is to
tolerances of 1 to 5 microns. Etch and resist removal increasingly is achieved using
plasma technology instead of wet processing.

tern, the SSD logistics system replacing
PMC. It will then be made available to all
locations within SSD for use by local man-
agement as the need arises.

John Platt is Manager, Location Systems,
at the Findlay, Ohio, plant of the Solid State
Division. He is the users' representative for
the manufacturing software systems, mak-
ing certain that users' needs are met, that
users are properly trained, and that incom-
ing systems are fully integrated and per-
form to specifications. He acts as liaison
between the various user groups and MIS
to translate user -defined needs into sys-
tem -related specifications that MIS can
execute. Mr. Platt graduated from Witten-
berg University, Springfield, Ohio, and
received his MBA from Arizona State Uni-
versity. He was formerly Manager of Indus-
trial Engineering at Findlay.
Contact him at:
RCA Solid State Division
Findlay, Ohio
TACNET: 425-1270
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D.F. Hakala D.J. Wierschke

Matrixing for VideoDisc

Strict attention to process control and microcontaminant
control are required to manufacture copper and nickel metal
parts of sufficient quality to meet VideoDisc needs.

The prime responsibility of the VideoDisc
Matrix Department at Rockville Road,
Indianapolis, Indiana, is to convert the re-
corded copper substrate received from mas-
tering to some large number of stampers.
Stampers are the electroformed nickel parts
that are clamped to the press mold to pro-
vide the actual molding surface itself. In
addition, the Matrix Department produces
the plated copper material that is used by
mastering as the recording medium.

Electroforming is a modification of more
conventional plating techniques in which
the detail of the surface being plated upon
is replicated in the surface of the plate. A
passive layer on the parent part permits
ready separation of the plated daughter
part. This is different from most plating
operations where adhesion of the plate to
the substrate is usually important.

Economical production of the stampers
requires the use of a fan -out process that
reuses parent parts several times so that, as

Abstract: The initial master copy is
recorded on a plated copper substrate pro-
duced in the Matrix Department After
recording, nickel electroforming is used to
replicate this copy to make press tooling in
a fan -out process. The processing steps
required to do this are decribect along with
material and process control requirements.

©1984 RCA Corporation
Final manuscript received September 12, 1983.
Reprint RE -29-2-8

the original recording is replicated to the refers to the number of times each parent
master, mother, and finally stamper level, part can be reused. An overview of the
the "family" grows rapidly in size. Fan -out metal -part process flow is given in Fig. 1.

Process Flow

Aluminum Blank

Machining Recording

Inspection

Master Electroforming

Inspection

Mother ble, trofcaming

L-Inspection

[Stamper Electroforming

Reuse

Copper Suhstr,ae

Fig.1. VideoDisc metal parts manufacture process flow.
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jAcld Copper Preplate

Fig. 2. Copper plating sequence.

Manufacturing process

Copper preplate

The VideoDisc matrix department first be-
comes involved in the process of manufac-
ture of the VideoDisc when an aluminum
blank (14.5 inch diameter, 0.5 inch thick)
is electroplated with a layer of extremely
fine-grained copper that is 1/15,000 of an
inch thick. This is done through a series of
cleaning and plating steps that begin when
the blank is received from the mastering
area (Fig. 2). Initially, the blank is rinsed
and cleaned with a pad to remove any
debris left from the leveling machining
operation. It is soaked in an alkaline cleaner
with ultrasonic agitation, rinsed, and dipped
in a second cleaning solution. This is fol-
lowed by another rinse, a dip in 50-per-

(Substrate/Master/Mother)

1:7-irent P., -

der kPl FIr k {rut

Fig. 4. Nickel electroforming sequence.

Fig. 3. Bright acid copper plating bath. The operator loads a preplated aluminum
blank onto the plating head for plating of bright copper deposit. The deposit is
used as machining medium for VideoDisc mastering.

cent nitric acid, a rinse and drying. The
blank is dipped in the zincate immersion -
coating solution, rinsed, and again dried.

The zincated blank is preplated in a
copper pyrophosphate bath at a low cur-
rent density using live entry. Upon com-
pletion of this step the blank is rinsed,
inspected, and given a second preplate in
an acid copper bath, after which it is rinsed,
inspected, dried, and put in storage until
needed.

Bright acid copper plating

As the mastering department requires cop-
per substrates for recording, the preplated
blanks are taken from storage and pre-
pared for bright acid copper plating. The
bath is an acid copper sulfate with a pro-
prietary organic addition agent that refines
grain size. The preparation consists of clean-
ing the blank with an abrasive pad under
running water, dipping it in a heated alka-
line cleaner solution, rinsing it, and dip-
ping it in a 10 -percent sulfuric acid solu-
tion. After rinsing, the blank is mounted
into an especially designed plating case,
which in turn is mounted on the plating
tank, and the blank is given a final rinse
with 5 -percent sulfuric acid before being
lowered into the plating solution with live
entry (Fig. 3). After a plating cycle of four
hours, the blank is removed from the
tank and the plating case, and then rinsed,

dried, and inspected. Accepted substrates
will be sent to mastering for machining.

Nickel electroforming

The nickel electroforming steps are similar
for masters, mothers, and stampers (Fig.
4). Details are given below.

Electroforming of the master

Once the substrate has been recorded, it is
returned to the matrix department for fan
out to stampers for use in disc pressing.
First, a careful inspection of the recorded
surface of the substrate is performed for
any defect known to cause a problem in
playback of the disc. The inspection is
done with a high -intensity light and an
optical microscope in a Class -100 clean
room. When the substrate has passed inspec-
tion, the preparation for electroforming of
the first stage of the fan begins when the
substrate is placed under running deionized
water, and the outside edge is roughened
to create a mechanical bond to the electro-
formed master.

The substrate is then soaked in a solu-
tion of alkaline cleaner and potassium di-
chromate to clean and passivate the copper.
After this, the substrate is rinsed in deion-
ized water and mounted in a case that, in
turn, is mounted on the plating tank. After
the protective shield has been removed
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Fig. 5. Nickel plating bath. The parent part is loaded onto
the nickel plating tank for deposition of an electroformed
daughter part. The daughter will be the reverse image of the
parent.

from the front of the electroforming case,
it is lowered into the nickel plating solu-
tion (a typical sulfamate nickel bath) and
rotation is started (Fig. 5).

After a preplate at low current density,
the current density is raised for the remain-
der of the plating cycle. Upon completion
of plating, the substrate is removed from
the tank as well as from the electroform-
ing case, rinsed well, and dried completely.
At this point, the substrate/master compos-
ite is moved to a room where the nickel
master is removed from the substrate. Each
of the parts is placed in a container and
sent to the first fare -inspection station where
both parts are inspected. Any part that has
a defect that is known to cause a problem
in playback of the disc is rejected at this
time. The entire operation occurs in clean
rooms, with Class -100 environments used
where the part face is exposed.

Electroforming of mothers
and stampers

The production of mothers from masters
and stampers from mothers to complete
the fan out is identical in all respects except
for length of plating time and the current
density. In both of these fan -out steps, the
parent part is nickel and is prepared for
electroforming in the same manner. It is
rinsed with deionized water, soaked in an
alkaline cleaner with ultrasonics, rinsed,

Fig. 6. Inspection station. The parts are inspected for defects
using a grazing incidence light inspection, which highlights
microscopic defects.

and finally dipped in 10 -percent sulfamic
acid to neutralize any remaining alkaline
cleaner and to activate the surface.

Following another rinse in deionized wa-
ter, the part is dipped in a potassium di-
chromate solution to passivate the surface,
rinsed, and mounted on another especially
designed electroforming case. The case is
lowered into solution, rotation is started,
and the rectifier is turned on. The current
density is initially low and later raised for
electroforming both mothers and stampers.

At the completion of the electroforming
cycle, the composites are removed from
the solution, rinsed with deionized water,
and removed from the electroforming case.
The composite is rinsed again and taken
to the separation room where the two
parts are dried, separated, and placed in
clean containers before being sent to the
first face inspection. Both parts are checked
at inspection for defects (Fig. 6).

Finishing operation

After a stamper has been accepted at the
first face -inspection station, it goes through
a series of finishing operations to prepare
it for mounting in the press mold. These
operations consist of applying a protective
coating to the recorded surface, grinding
and polishing the back surface to remove
even the smallest nodule, punching a hole
exactly in the center of the recording, and

coining the inside and outside edges to fit
the press mold (Figs. 7-10). After these
operations are complete, the stamper is
cleaned and re -inspected to assure that no
damage has occurred during the finishing
operations. Upon acceptance, the stamper
is stored in individual containers until need-
ed for disc production.

Quality and process control
The microscopic groove and signal -element
geometries of the VideoDisc must be repli-
cated faithfully in the electroforming oper-
ations. Small defects on the face of a metal
part will result in a corresponding defect
in the disc. Building the quality into the
parts requires use of extensive fluid filtra-
tion of plating baths, cleaning solution,
and rinse water. Clean rooms-rated at
the appropriate class-and work stations
are employed at the various points of the
operation. Bath chemistries are carefully
controlled by process -control technicians.

The parts themselves are inspected to
conform to stringent criteria. Microscopic
defects on the face and back of the part
are examined by a low -angle bright -light
inspection as well as an optical microscopic
inspection. Diffracted light from the groove
structure is easily perturbed by surface inper-
fections and observed easily by a visual
inspection. Physical measurements on con-
centricity and thickness are also conducted.
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Fig. 7. Coating application. The stampers that must be han-
dled through finishing operations have the front face ,pro-
tected by application of a protective plastic film.

Fig. 9. Centering operation. The stamper concentricity is
established by a centerhole punch using a video camera
focused on a "recorded -in" centering ring.

Fig. 8. Stamper backfinishing. The stamper backs are ground
and polished to a smooth surface in an automatic finishing
machine.

Fig. 10. Coining die. The mechanical profile of the inner and
outer edges of the stamper is formed in a coining operation.
The forming allows a match between the stamper and the
press -mold geometries.
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Material requirements
The bath chemistry control and process
control is required to maintain the mate-
rial properties of both the copper and nickel
plates. The copper for machining requires
a plate that is so fine grained that it is

almost amorphous. Moreover, it must be
resistant to recrystallization, and it must be
in a narrow hardness range.

The nickel must be produced with low
internal stress to prevent distortion, it must
be ductile for long service life on the mold,
and it must be reasonably fine grained and
hard at the recorded surface. These require-
ments are sometimes contradictory and an
optimum compromise condition is deter-
mined.

Summary
The disc quality is only as good as the
quality of the stamper from which it is

pressed. The microscopic geometries asso-
ciated with a VideoDisc place far greater
demands on the electroforming process than
normally encountered. Contaminant con-
trol has to be approached as if the part
were a large semiconductor circuit wafer
rather than a modified audio stamper. Me-
chanical properties are crucial to long ser-
vice life in the press operation..

Donald J. Wierschke joined RCA
"SelectaVision" VideoDisc Operations in
1980 as a Member of the Engineering Staff
assigned to the Matrix Department. He
came to RCA with 11 years of experience
in precision nickel electroforming in the
field of optics. Since then, he has been
transferred to Development Engineering
with primary responsibilities in the area of
nickel electroforming.
Contact him at:
Disc Operations
VideoDisc Division
Indianapolis, Ind.
TACNET: 426-3319

David F. Hakala joined RCA Picture Tube
Division, as a process development engi-
neer, after receiving his Ph.D. in physical
chemistry from R.P.I. in 1976. After serving
as group leader of the Analytical Labora-
tory for two years, he joined VideoDisc
Operations as Staff Scientist working on
material problems and subsequently was
Manager of Production Engineering for
disc manufacturing. Currently, he is Man-
ager of Process and Materials Develop-
ment Engineering. He holds one patent
and is the author of several publications.
Contact him at:
Disc Operations
VideoDisc Division
Indianapolis, Ind.
TACNET: 426-3433
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R. Kleppinger

Laser -based defect particle counter
used in LSI production

At the Solid State Division's production facility in Palm Beach
Gardens, Florida, engineers are using laser equipment to detect
micron -sized particles and defects on semiconductor wafers-
and they're tracking down the causes using statistical
evaluation of the information.

As the feature size of integrated circuits
continues to decrease, the particulates left
on wafers during processing become increas-
ingly important. Current methods of con-
trolling wafer particles rely on a visual
inspection by operators. Since this method
is subjective, any data collected will vary
from operator to operator and from day to
day. This article will describe the use of a
laser -based defect scanner at RCA Solid
State Division in Palm Beach Gardens,
Florida, as a production -process monitor-
ing tool and as a process- or equipment -
evaluation tool.

Equipment description
The laser defect scanner depends on the
principle that a particle lying on a surface
will scatter any "light beam" hitting it. By
placing a detector so the scattered beam is
intercepted, the presence of a surface par-
ticle can be electronically recorded.

RCA Solid State Division at Palm Beach

Abstract: Control of particle defects on
silicon wafers during chemical cleaning
has been established using a laser defect
particle counter. This, coupled with
equipment changes, has resulted in an
hundred -fold reduction in particulates on
wafers.

©1984 RCA Corporation
Final manuscript received January 26, 1984.
Reprint RE -29-2-9

Gardens first used a laser defect scanner in
1981. This equipment was developed by
the RCA Laboratories in Zurich, Switzer-
land, and provided valuable initial data in
a production environment. Subsequently,
a Tencor SurfscanTM laser defect scanner
was installed at RCA-PBG. This system
consists of a scan unit with cassette -to -
cassette batch -wafer handling, a control
unit with a computer and internal printer,
a video monitor, and a remote video print-
er. More detailed information concerning
the Surfscan is given in the sidebar (page
55) and in the references.

Test procedure
To determine the particulates generated by
any process, the following procedure was
used:

1. Obtain unopened cassette of substrate
wafers, and laser -scan the wafers using
the test -parameter limits noted in the
sidebar (page 55).

2. Subject full cassette of 25 wafers to the
process being evaluated for particulate
generation.

3. Laser scan using the test -parameter lim-
its noted in the sidebar.

4. Analyze and plot data using an HP35
computer, graphics plotter, and statisti-
cal graphics software.

This procedure has been used to evaluate
the particles generated by wafer chemical

clean processes, MOS gate oxidations, sil-
icon nitride deposition, polysilicon deposi-
tion, borophosphosilicate glass depositions,
and wafer -cleaning sink equipment.

Production wafer cleaning
monitors
Weekly laser -scan monitoring of the pro-
duction clean sinks was carried out using a
25 -wafer cassette. The results are summar-
ized for each type of wafer chemical clean
process in Table I. All clean sinks except
#13-5 (the only sink with a point -of -use
filter on the rinse dryer) showed a high
particle count the 9th week.

An investigation revealed that the main
deionized water filters needed to be
changed. Even sink #13-5 with a point -of -
use filter showed a rapid increase in parti-
cle count before the main filters were
changed (see Table II). In fact, the bacte-
ria count at the rinse -dryer inlet was much
greater than 3 colonies/cubic centimeter
on Wednesday morning (the wafer parti-
cle count was 945). The bacteria count
was down to 0.22 colonies/cc the follow-
ing Monday (the total particle count on
this wafer was 160). Although the particle
count found on the sink with a point -of -
use filter recovered within a few hours
after the main filters were changed, it took
days for the other sinks to recover.

Data is currently being collected, using
three wafers strategically placed in a cas-
sette, so that a statistical process -control
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Table I. Average total particles added by process (>1µm).

Process 1

Sink number

13-5 8-4 2-5 5-4 6-3 3-5 7-4

Caros rinse,

SC2 rinse,

Rinse -dry

SC1 rinse,

SC2 rinse,

Rinse -dry

SC1 rinse,

SC2 rinse,

Rinse -dry

SC1 rinse,

SC2 rinse,

Rinse -dry

SC1 rinse,

SC2 rinse,

Rinse -dry

Caros rinse,

Rinse -dry

Caros rinse,

Rinse -dry

Week Average total particles added by process (>1µm).

1 255 1076 434 - - -
2 225 1980 522

3 75 208 36 251

4 300

5 350 602 - 994 - -
6 155t 594 238 947 1182 283 360

7 145 254 183 305 1922 118 383

8 77 1303 446 1799 736 90 68

9 171 1696 1328 - 2185 1091

(Main DI filter -change completed)

10 160 470 391 - 1137 784 75

11 88 164 157 575 540 .. 138

12 158 774 705 740 374 203 113

13 99 613 248 708 1032 221 24

14 204 275 359 * * 260 50

* *

Sink down for repairs.

Laser scanner down for repairs.

Point -of -use DI filter installed on DC13-5 rinse -dryer.

Table II. Average total particles added by process (>1µm).

Sink number

Process

Week/Day/Shift

13-5 8-4 2-5 5-4 6-3 3-5 7-4

Caros-SC2 SC1-2 SC1-2 SC1-2 SC1-2 Caros Caros

Average total particles added by process (>1µm).

9/Mon/- 171 1696 1328 2185 1091

9/Tue/1 259 1798 1352 1938 139

9/Tue/2 402

9/Wed/1 945 2072

(Main DI filter -change completed)

9/Wed/2 244

9/Thu/1 104 1245 1053 754

9/Thu/2 302

9/Fri/1 118 548 826

9/Fri/2 163

10/Mon/1 160 470 391 1137 784 75
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Surfscan user information

The Surfscan divides a wafer into
square cells approximately 0.55
mm on a side for wafer video
mapping. When a cell has a
defect, its relation to the eight
surrounding cells is analyzed to
determine the type of defect as
follows:

1. If the center cell touches no
more than one defective cell, it
is classified as a point defect.

2. If the center cell touches two
to four defective cells, it is
classified as a line defect.

3. If the center cell touches five to
eight defective cells, it is clas-

sified as an area defect.

Only non -patterned wafers can
be used on the present Surfscan,
since any pattern is a surface
discontinuity that is counted as a
defect.

The Surfscan user -set test
parameters for these laser scan-
ning tests were:

 Defect size -1µm2 (minimum
particle that can be "seen").

 Edge exclusion -6 mm (width
of annular zone at wafer's edge
to be excluded from measure-
ment - 0.236 mil).

 Point -defect limit -9999 (maxi-
mum acceptable number of

cells containing a point defect).

 Line -defect limit -9999 (maxi-
mum acceptable number of
cells belonging to line defects).

 Area -defect limit -9999 (maxi-
mum acceptable number of
cells within area defects).

 Haze limit -9999 (maximum
acceptable average haze in
PPm).

The parameter limits set are
printed on the internal printer fol-
lowed by the number of point
defects, line defects, area defects,
total defects and haze value for
each wafer.

Table Ill. Laser defect particle counter use in LSI production. Note that the system shuts down
when counts go over the limit.

Process

Sink number

2-5 8-4 5-4 6-3 3-5 13-5

SC1-SC2

-dry,

POU filter

Limit = 50 particles

SC1-SC2

Rinse -dry,

Limit = 125 particles

Caros Caros-SC2

Rinse -dry, Rinse -dry,

POU filter

Limit = 50 particles Limit = 150 particles

Day Average total particles added by process (>1µm).

1 31 61 70 40 30 39

2 40 44 851 36 26 53

3 26 52 67 39 13 196

4 23 66 38 22 78 46

5 29 40 74 29 12 18

6 17 36 92 260 30 48

7 21 34 31 18 183

89

8 18 34 70 50 10 20

9 42 35 50 36 14 124

10 598 384 507 38 11 22

15 30 107

11 27 98 >10K 33 19 72

64

12 11 36 13 17 21 63

13 322 12 8 29 18 380

7 70

14 27 16 26 68 20 59

15 9 26 20 15 29 48
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Fig. 1. Heavy particle counts on oppo-
site sides of wafer resulted from the
use of a "dirty" cassette during chemi-
cal cleaning.

Fig. 2. A heavy particle count on this
wafer was due to a hand touching the
wafer prior to chemical cleaning. The
picture was taken after cleaning.

chart can be used to control the wafer par-
ticle counts of clean sinks.' The wafers are
pre-sorted to a maximum count of 10 (the
count averages about 2 to 3 defects greater
than 1 Am). Daily checks are taken on
each sink with defect limits imposed accord-
ing to the type of equipment used. When-
ever the defects have exceeded the limits,
appropriate corrective action has been taken
to reduce the defects. Table III shows the
impact on wafer particles using this daily
control coupled with equipment changes.
Statistical process -control limits are calcu-
lated when sufficient data has been col-
lected.

During these tests we readily identified
several dirt patterns. The first pattern, seen

in Fig. 1, due to the use of a dirty cassette,
shows the transfer of this dirt from a cas-
sette to a wafer during etching and rinsing.
The second pattern, shown in Fig. 2, dis-
plays the results when an operator's hand
touched several wafers while transferring
wafers from the incoming carrier to a cas-
sette. Again, cleaning did not remove these
particulates. The third pattern, shown in
Fig. 3, is the result of the wafer face com-
ing in contact with the belt -transfer system.

Wafer clean evaluations
Through the use of the Surfscan, the aver-
age wafer particulate count was significantly
reduced on a Caros-SC2 clean sink by:

1. Installing a 0.2 micron point -of -use fil-
ter in the rinser -dryer deionized water
line and putting a bleed line in at the
rinser -dryer water inlet.

2. Changing the rinser -dryer cycle so that
the rinse time was increased from 50 s
to 120 s, the minimum DI resistivity
was increased from 8 megohms to 12
megohms, and the dry time was held at
120 s.

3. Changing the main plant's deionized
water filters.
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Fig. 3. Belt tracks on the wafer surface
are due to the wafer being placed up-
side down on the automatic belt -transfer
system.

Figure 4 shows the average wafer particle
count before and after making these
changes. Similar improvements have been
made on other clean sinks using the laser
defect scanner to monitor particle reduction.

Rinser -dryer evaluation

The laser scanner was used to compare a
new rinser -dryer to one already being used.

RANGE COUNT AFTER CHANGE

3

TEST RUN No
5

AVERAGE COUNT AFTER CHANGE

100

50

4-
3 5

TEST RUN No

Fig. 4. This shows the effect on wafer particulate count of modifying the chemical
clean process by installing a 0.2 micron point -of -use filter in the rinser -dryer deion-
ized water line along with a bleed line at the rinser -dryer water inlet, and changing
the rinser -dryer cycle.

56 RCA Engineer  29-2  Mar./Apr. 1984



Data was collected by chemically cleaning
two cassettes of wafers simultaneously, and
then placing one cassette in the test rinser -
dryer and the other cassette in the stan-
dard rinser -dryer. During this test period,
the test rinser -dryer always gave lower aver-
age particle counts (Fig. 5). Subsequent
changes in the standard rinser -dryer cycle
eliminated this difference.

Evaluation of a four -cassette rinser -dryer
being used in production revealed that the
wafers furthest from the lid are always
cleaner, even when a point -of -use filter is
used (Fig. 6). Our conclusion is that this is
due to the deionized water -spray pattern
in this equipment.

Oxide growth furnace evaluation

The number of particles added to each
wafer in a 25 -wafer cassette was deter-
mined, using the following typical gate -ox-
ide -anneal furnace operation:

1. Transfer wafers from the cassette to the
quartz boat.

2. Load boats onto the oxidation furnace
paddle.

3. Load the furnace and "steam grow"
1000 angstroms of oxide at 875°C (pyro-
genic steam system).

4. Unload the furnace.

5. Place boats from the oxide furnace on
the annealling furnace paddle.

6. Load the annealling furnace and heat
the wafers at 1050°C in a forming gas
atmosphere.

Laser scanning revealed that the two to
three wafers at either end of the cassette
had an excessively high particle count (Fig.
7). This same pattern occurred for five
separate test runs. This particulate pattern
is probably caused by the gas flow pat-
terns in the furnaces.

Silicon nitride deposition
evaluation

The number of particles added to each of
25 wafers positioned periodically across
the boat of a low-pressure chemical vapor
deposition (LPCVD) silicon nitride system
was determined using the following test
procedure:

1. Grow a 1000 -angstrom thermal oxide
on newly opened substrate wafers and
measure the number of particulates on
each wafer.

2. "Tweezer load" these oxidized wafers
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Fig. 5. Comparison of wafer particulates added during wafer chemical cleaning,
using different dryers.
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Fig. 6. Particles added using a four -cassette rinser -dryer. The difference in wafer
particulate count for each wafer across a 25 -wafer cassette is shown.

into the silicon nitride deposition boat.

3. Deposit -600 angstroms of silicon ni-
tride.

4. Unload the boat and remeasure wafers
for particle counts.

Figure 8 shows that the wafer particle
count is high at the furnace entrance (door
end) and continues to increase across the
boat. Many of the wafers in this run showed
a particle streaming pattern across the wafer
(Fig. 9). Deposition process variables are
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Fig. 8. Particles added across a boat during a low-pressure chemical -vapor (LPCV)
silicon nitride deposition.

currently being evaluated to reduce this
overall wafer particle count.

Polysilicon deposition evaluation
Initial attempts to evaluate polysilicon lay-
ers were unsuccessful due to excessive sur-
face scatter that overloaded the detector.
This was corrected by adding the gain
control option Tencor now has available.
The gain control reduces the detector gain
to an arreptable scan level, at some expense
to minimum detectable particle size. Mea-
surements after this modification suggest
that not only the particle count but also
the haze value will be useful in obtaining
better -quality polysilicon.

Chemical vapor deposition
evaluation

The first laser -scan evaluations of a boro-
phosphosilicate glass deposition showed a
particle pattern identical to the deposited
glass -thickness coloration pattern. This was
eliminated by increasing the minimum de-
fect size from 1 to 3 microns. However,
the addition of the PMT control is a more
direct method of obtaining the same results.

Photoresist process evaluation
Preliminary tests show the laser scanner
can also be an effective tool in controlling
wafer particles during the various photoli-
thography processes. However, a more de-
tailed study is required before specific pro-
rPss improvements can be identified.

Summary

The use of a laser -defect scanner to detect
particles on silicon wafers has brought a

Fig. 9. Particle -streaming effect seen
over many of the wafers from a LPCV
silicon nitride deposition.
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new dimension to the evaluation of LSI
processes and equipment. Processes or
equipment that generate high particle counts
can be objectively determined and priori-
tized. The effect of process or equipment
changes on wafer particle defects can be
rapidly and effectively determined. Almost
any LSI process step can be evaluated for
particle generation. This equipment can
readily be used to control particle genera-
tion as evidenced by the chemical cleaning
process evaluations in production at Palm
Beach Gardens.
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M.T. Gale R.L. Covey

Image sampling and analysis technique
for high -resolution measurement of
micrometer -sized features

If one has a priori knowledge of the shape and transmissivity of
a microscopic object under study, one may measure features of
that object far more accurately than the theoretical optical
resolution limit alone would permit.

The optical measurement of features with
micrometer -sized dimensions is becoming
an increasingly important requirement in
many areas of the fabrication and testing
of modern, high-technology products. It is
often desirable to measure, by optical
means, physical dimensions to an accuracy
comparable with or smaller than the limits
imposed by the classical theory of physical
optics (the Rayleigh criterion). This is fre-
quently the case when restricted access to
the part limits the numerical aperture and
thus the classical resolving power of the

Abstract: Optical techniques for measur-
ing micrometer -sized features during fabri-
cation or testing are often hampered by
restricted physical access, limited numeri-
cal aperture (NA.), and insufficient
resolving power of the image -forming
optics. With some knowledge of the
geometry under study, however, dimen-
sional information well below the classical
resolution limit can be obtained by suitable
sampling and analysis of the image -inten-
sity pattern. Using the example of a stylus
tip, the paper describes a technique using a
photodiode array and an optical system
with an N.A. of 0.45 for measuring certain
features to an accuracy of approximately
0.2 Am (Rayleigh criterion of about
0.8 µm) at a working distance in excess of
10 mm.
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image -forming optics. With some knowl-
edge of the geometry under study, how-
ever, dimensional information well below
the classical resolution limit can often be
obtained by suitable sampling and subse-
quent analysis of the image -intensity pattern.

The technique described here is suitable
for measuring opaque or even semitrans-
parent objects with relatively simple geo-
metrical features that can be considered
two-dimensional for the purpose of the
measurement. A translatable linear photo -
diode array is used for sampling the image
pattern. Such arrays and suitable digitizing
electronics are commercially available and
inexpensive, and the output signal can be
readily processed by a modest computer
such as a low-cost personal computer (PC)
or single -board computer (SBC).

After briefly outlining the theoretical back-
ground behind the approach, this paper
describes a practical measurement system
that demonstrates the capabilities of the
technique. The example used is the mea-
surement of certain features of a stylus tip
having dimensions of approximately 4 pm.
An accuracy of less than 0.2 Am is achieved
using imaging optics with a numerical aper-
ture (N.A.) of 0.45 and (objective) work-
ing distance in excis of 10 mm. The Ray-
leigh criterion for such optics is about 0.8

Theoretical background
The basic measurement technique relies
on the fact that, for a single opaque edge

under incoherent illumination, the 50 -per-
cent point of the light -to -dark image tran-
sition defines precisely the location of the
geometrical edge. In practical terms, this
means that for an imaging system with
relatively low N.A., a "blurred" image of
an edge can be sampled and analyzed to
obtain positional information with a reso-
lution much finer than the extent of the
blurring. Although a coherent illumination
system could also be used (the geometrical
edge then corresponds to the 25 -percent
transition point), the use of incoherent light
avoids many of the problems of coherent
noise (speckle, severe dust diffraction pat-
terns, and so on) that can lead to consid-
erable errors in a sampling technique of
this type.

The response of the optical system is
conveniently considered in terms of the
point -spread function'-the image -intensity
distribution pattern resulting from a single
point source in the object plane. Figure 1
shows the basic optical system consisting
of an illuminator and imaging optics. If
the source is an extended white light, such
as an incandescent lamp and if the con-
denser has a numerical aperture similar to
that of the imaging optics, the illumination
can generally be considered as incoherent.

For an aberration -free, circular -aperture
imaging system, the intensity distribution
(diffraction pattern) about the image of an
object point is given by (see Fig. 1)

1 (y,z) = P (y,z) =- I [2J, (r')/r12 (1)

r' = (27r/A)  NA r  M (2)
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where
P (y,z) = Point -spread function

Io Peak image intensity
at y = yo z = zo

.1101 First -order Bessel
function

r' Normalized radial
coordinate

A = Wavelength of light
N.A. n sin (5 = numerical

aperture of the imag-
ing system

r = Radial coordinate =
[(y-yo)' (z-z)2] 1/2

M = Magnification

The image form (the Airy pattern) is cir-
cularly symmetric and space -invariant. For
incoherent illumination, the image of a
general two-dimensional object can be com-
puted by summing the intensity contribu-
tions from all points in the object plane.

The Rayleigh criterion, generally taken
as the resolving power of an image -form-
ing system, is concerned with the resolu-
tion of two point images. The points are
said to be resolved if the central maximum
of one image -diffraction pattern falls on
the first minimum of the other. For inco-
herent illumination this gives a minimum
resolved separation of

s = 0.61 A / N.A. (3)

Figure 2 shows the Rayleigh resolution
criterion s as a function of numerical aper-
ture for a light wavelength, A, of 0.6 tn,
which is typical for the maximum response
of a system using a silicon detector with
an incandescent lamp and infrared (heat)
filter combination.

The image of a long, straight edge is
found by integration of the point -spread
function along a line and is shown in Fig.
3 as a function of numerical aperture. The
image blurring is of a magnitude similar to
the Rayleigh criterion. The geometric edge
corresponds to the 50 -percent peak inten-
sity, independent of the numerical aper-
ture. Detailed analysis shows that this is
true even in the presence of moderate de-
focusing and axial aberrations (spherical
and chromatic). It is also valid for short
line segments, provided their lengths are
greater than X /N.A. The exact position of
an edge can thus be found by sampling
the blurred image at a number of intervals
sufficient to derive an accurate determina-
tion of the 50 -percent peak -intensity point.

Similarly, the accurate measurement of
a two-dimensional object of known geome-

x

IMAGING
CONDENSER OBJECTIVE

41111114
SOURCE 11

OBJECT
POINT

40

I

/ POINT -
IMAGE SPREAD
PLANE FUNCTION

(AIRY DISC)

Fig. 1. Image of a point source by an optical system with transillumination. The
'mage plane coordinates are y and z, with the image centered at (y,z). The coor-
dinate along the optical axis is x. Numerical aperture is NA = sin (5) in air.

try is considerably simplified if the object
can be reduced to a number of line (edge)
segments (this is often the case for objects
of practical interest). The position of any
point on a line segment is given by the
50 -percent image -intensity point, provided
no other segments lie within a circle hav-
ing a radius of approximately X /N.A. For
more complex objects where this is not

image -intensity patterns is required to relate
the geometric outline to the image pattern.
Partly transparent objects may be treated
in much the same way. With incoherent
illumination, a very good approximation is
achieved by correcting the results obtained
for an opaque edge with the object trans-
missivity.

The accuracy to which the 50 -percent
image -intensity point, and thus the geome-
tric edge location, can be determined is
limited by a number of considerations.
For an otherwise perfect experimental sys-
tem, a lower limit is set by the digitizer
resolution at the analog measurement -com-
puter interface. For example, Fig. 3 shows
that, for an optical system with an N.A. of
0.4, the image intensity change is about
10 -percent per 0.1 µm around the 50 -per-
cent point. A 4 -bit (16 -level) analog -to -
digital conversion enables the 50 -percent
point to be determined to about ±3 -per-
cent accuracy, and thus the edge location
(in the object plane) can be determined to
about ±0.03 ,um. An 8 -bit digitizer could
provide twice this precision. However, in
practice, experimental limitations such as
measurement noise, nonuniformity in the
illumination and in the detector response
(including "array noise"), and the dimen-
sional accuracy of the detector array are

NA

Fig. 2. Plot of the Rayleigh resolution
(s) versus numerical aperture (N.A.) of
the objective.

Fig. 3. The image of an opaque edge
by diffraction limited optics under ideal
incoherent illumination.

dominant. For an N.A. of 0.4, a resolution
of ±0.2 Am is readily achieved in prac-
tice, and further reduction is possible with
ideal objects and measurement environ-
ments.
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STYLUS

i

Fig. 4. Shaped stylus tip (from References 2 and 3): (a) Fig. 5. The stylus shown in relation to the cartridge (from
inverted view in three dimensions, (b) projected side view. Reference 2).

The power of this approach lies in the
fact that the resolution is achievable at rel-
atively long working distances. Modern
microscope objectives with N.A. values of
about 0.4 are available with a working
distance in excess of 10 mm. Other objec-
tives can be used to achieve resolution/
working -distance combinations that are
otherwise unattainable.

Experimental technique

General

In this section, the practical application of
the above results to a specific measure-
ment problem is described as an example
of the capabilities of the technique. The
problem is to measure the length of the tip
of a shaped stylus of the form shown in
Fig. 4. The stylus is mounted on an arm
and housed in a cartridge that limits side
access to a minimum distance of about 9
mm (Fig. 5). Further details on the stylus

Fig. 6. A stylus image as projected by a
50X LWD objective and 10X eyepiece,
and observed with a 1 -inch Vidicon.
The nearly parallel stylus planes near
the tip form a "window" that transmits
light that is accepted by the microscope
objective and seen as a bright spot.

and cartridge can be found in references 2
and 3.

The stylus tip length is typically 4-5
pm. An automated measurement with an
accuracy of approximately 0.2 pm rms is
desirable since the length is a critical param-
eter in the stylus fabrication and subse-
quent performance. Although access to the
stylus tip from below (Fig. 5) is unres-
tricted, the optical view presented is that
of a complex three-dimensional object. Mea-
surement of the stylus tip from this view-
point requires a high -power microscope
(-1000-times magnification, N.A. of about

depth of focus and work-
ing distance. Under these circumstances,
positioning tolerances are then very severe
and the possibility of damage to the stylus
and microscope objective surface, due to
inadvertent contact, becomes significant.
The side view of the stylus tip (Fig. 4b),
however, presents a simple geometric object
that can be treated as two-dimensional
and opaque. The stylus can then also be
viewed in transmission, producing a high -
intensity image suitable for detection and
scanning by a linear photodiode array. A
low -power, long -working -distance objective
easily clears the cartridge housing and pro-
jects an image that can be sampled and
analyzed to obtain the required measure-
ment accuracy.

Figure 6 is a photograph of a stylus
sideview projection on a 1 -inch vidicon.
The objective lens has a numerical aper-
ture of 0.45. All edges are blurred by opti-
cal diffraction. The region near the tip is
partially transparent, but this causes no
real problem in measurement as long as
the transmissivity is taken into account.
Moreover, in Fig. 6, the blur in the verti-
cal edge increases away from the tip. This
is due to the finite thickness of this edge
along the optical axis. This thickness in-
creases away from the tip, but presents no
great difficulty since the point -spread func-

tion remains nearly circularly symmetric
for imperfect focus.

Measurement system

Figure 7 shows the essential measurement
system. The cartridge is dropped into a
mechanical fixture and the stylus arm low-
ered into a V -groove holder mounted on
an xyz-axis translation stage. No physical
contact is made with the stylus itself. The
mechanical arrangement is such that the
stylus tip is initially located reproducibly
within a volume of about 500 X 500 X 500
(pm)3. The function of the translator is
then to center the stylus tip in the optical
field of view and perform focusing by
using information from the image sensor
array. The translator is driven in three
directions by stepping motors with a 1 -pm
step increment. A computer first analyzes
image data, then routes a pulse train se-
quence to the proper stepper -motor drivers.

The illuminator consists of a dc -driven
50 -watt quartz -halogen lamp focused by a
0.3 N.A. condenser optic onto the region
of the stylus tip. A dielectric heat filter
with a cut-off at A = 0.75 pm minimizes
heating and thus thermal expansion effects
of the stylus and the end of the stylus arm.
The illumination is uniform to less than 5
percent within a central field of 125 pm
diameter.

In choosing the N.A. of the condenser,
a compromise was made between desired
intensity and incoherence on one hand,
and depth -of -focus on the other. With the
N.A. of the condenser less than that of the
objective, the illumination is not strictly
incoherent. Yet increasing the condenser
N.A. decreases the geometrical depth of
focus (as distinguished from the diffrac-
tion -limited depth of focus, which only
depends on the objective N.A.), and leads
to excessive blurring of the vertical edge
(Fig. 6) away from the tip.
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CONDENSER LENS
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(NON -INVERTED)

PHOTODIODE ARRAY

Fig. 7. The basic measurement system. A single -board computer accepts digitized
data from the photodiode array, and provides the proper pulse trains for operation
of the stylus (x,y,z) and detector (z) stepping motors.

The stylus imaging optics uses a long -

working -distance objective (Bausch &
Lomb 50X, 0.45 N.A., 12.5 -mm working
distance) to clear the cartridge housing
and a 10X eyepiece to project an erect
image of the side of the stylus onto the
detector plane with a total magnification
of about 200X. Although the diamond
stylus material is nearly transparent (except
for reflection losses), the high refractive
index, complex geometry, and surface fin-
ish are such that it closely approximates a
high -contrast, opaque object suitable for
the image analysis described above. Close
to the tip, the diamond transparency is
evident (Fig. 6). In this region, it is neces-
sary to ensure that the digitizing level defin-
ing the edge is greater than the transmis-
sivity. In practice, a digital level of eight
(corresponding to an analog signal level of
about 53 percent) is used for the horizon-

tal tip line, while a digital level of seven
(corresponding to 47 percent) is used for
the other edges (away from the tip).

In the image plane, a linear silicon-pho-
todiode array (EG & G Reticon) is aligned
horizontally, parallel to the base of the sty-
lus tip (Fig. 8). The array consists of 1728
individual elements, each 16 pm high and
spaced 15 pm apart. The array has a total
length of about 25 mm. It is electronically
scanned and sampled with a repetition
rate of about 30 ms. At the 200X magni-
fication, an individual Reticon element cor-
responds to a square of about 0.08 pm in
the stylus (object) plane. The detector array
is mounted on a z-axis motorized transla-
tor with a 1 -pm increment, corresponding
to an equivalent 0.005 -pm step size in the
stylus plane.

The output data from the photodiode
array is digitized (4 hit) and input to an

SIGNAL

LIGHT

IMAGE OF STYLUS'///
DARK

RETICON

ELEMENT NUMBER (TIME) 1728

RETICON OUTPUT SIGNAL

LIGHT

z
TRANSLATOR

Fig. 8. Schematic diagram (not to scale) of the image plane
showing the stylus shadow and the corresponding photodi-
ode array (Reticon) analog -output signal.

Intel 88/25 SBC through the A/D con-
verter. The Intel uses an 8088 CPU with
an 8087 coprocessor that handles floating-
point math operations. The computer ana-
lyzes the data and controls the translation
stages to center and focus the stylus and to
perform the image -measurement scan. The
software is written in PL/M-86 on an
Intel development system, then compiled
and burned into PROMs.

Measurement procedure

The measurement of the stylus tip length
is composed of two operations: (1) find-
ing, centering, and focusing the tip and (2)
scanning the image to obtain the data re-
quired for determining the tip length. Fig-
ure 9 illustrates the steps involved in find-
ing and centering the stylus tip; the photo -
diode -array output is shown as a function
of time (corresponding to element number
or position) and is measured initially with-
out a stylus present to obtain the 100 -per-
cent intensity level.

Upon initial insertion of the cartridge,
an out -of -focus, off -center image is typi-
cally presented at the image plane (Fig. 9).
If the photodiode array does not sense
some portion of this image, then the stylus
must be moved around until it does (addi-
tional discrete photocells in the image plane
having also been used to increase the initial
field of view). Based on the array signal,
the stylus is translated along the y-axis
until the out -of -focus image is roughly cen-
tered along the array (Fig. 9b). The image
is then focused by moving the stylus tip
along the x-axis until the slope (sharpness)
of the diagonal image edge is maximized
(Fig. 9c); some vertical translation (z-axis)
and further centering may be necessary
during this operation to maintain a tip
image intersecting the array. Finally, the

INITIAL IMAGE

a)

FOCUSED IMAGE

c)

CENTERED IMAGE

b)

FINAL POSITION

TIME (ELEMENT NUMBER)
d)

Fig. 9. The process of finding, centering, and focusing of
the stylus tip. The stylus (x,y,z) translators are used in these
operations. In the final position (d) best possible focus is
attained, but the tip shadow may not be exactly at the 50
percent intensity line.

Gale/Covey: Image sampling and analysis technique for high -resolution measurement of micrometer -sized features 63



Z DIRECTION

m

2

EDGE 3
SCANS 4

5

6
-vItun

7 TIP SCANS

qI00
0

>-

cc
cr

o 50
0
75 -I
O <Z
o (-0
mu)

0

#
TIME (ELEMENT NUMBER)

Fig. 10. The tip and edge scan measurement operations
showing both an image plane schematic and the corres-
ponding analog signals. All dimensions are referred back to
the stylus object plane. Only the photodiode array is moved
during these operations.

stylus tip is moved upwards until the inten-
sity of the tip reduces to about 50 percent
of the peak intensity (Fig. 9d). The stylus
tip is now focused and centered to an
accuracy of about 1 pm along all axes,
and the image -scan measurement can begin.

With the stepping -motor stages presently
being used, there exists a significant amount
of mechanical crosstalk between axes. More-
over, stage vibrations persisting for tens of
milliseconds are induced by the square -
wave stepping -motor excitation. Both the
crosstalk and internally induced vibrations
approach the 1 -pm level. Great care has
therefore been taken to minimize the effect
of these mechanical imperfections on the
searching and focusing processes. The final
motions of the stylus stages are always
made in a specific sequence and direction,
and a waiting period is always included
before critical data are taken.

Basically, the measurement proceeds by
finding the slopes and intercepts of the
three straight lines representing the sides
and base of the side view of the stylus tip
(Fig. 10). The intersection points of the
base line with those of the two sides then
determine the base length. As outlined in
the previous section, the edge positions are
given ideally by the 50 -percent peak -in-
tensity points. With an effective illumina-
tion wavelength of about 0.6 pm and a
numerical aperture of 0.45, an edge transi-
tion typically shows a slope of about 10

SEM (ism)

Fig.11. Comparison of optical and SEM measurements over
a range of 3 to 7µm.

percent per 0.1 pm (in the object plane).
The accuracy in locating the three straight
lines is improved by applying linear least -
squares fitting to the data from a number
of scans at varying heights. Only the pho-
todiode array is translated between scans-
the stylus remains stationary during the
actual measurement.

The photodiode array begins in the vi-
cinity of the tip, where several scans are
taken at approximately 8 -step (0.04 pm)
intervals. For each of these scans, the min-
imum image intensity is stored as the tip
recedes (Fig. 10), and the height of the 50 -
percent level is found by a least -squares fit
to determine the height of the tip base
(which is assumed to be horizontal).

Alternatively, several suitable Reticon
array elements are chosen, and the vertical
position at which each of these elements
first reaches the 50 -percent intensity level
is determined as the array is moved away
from the tip. A finer tip scan interval of
about two steps (0.01 pm) is then required.

Seven edge scans are then taken, begin-
ning at about 2 pm above the tip (all
dimensions are referred to the stylus plane),
as shown in Fig. 10. Prior to scans 2
through 7, the photodiode array is moved
an additional 200 steps (1 pm in the stylus
plane) in the positive z -direction. Scan 7 is
therefore taken at about 8 pm above the
tip.

For each scan, the locations (y -positions)

of the two stylus edges are determined,
giving seven (yz) pairs for each line from
which a best straight-line location is deter-
mined by least -squares fitting. Finally, the
length of the tip base is obtained from the
intersections of the three determined lines.
Additional useful data on the angles be-
tween the lines are also available from this
measurement.

Results

A measurement system of this type has
been constructed and extensively tested. A
reliable standard for the stylus tip length is
difficult to obtain-the most common tech-
nique is to measure scanning electron micro-
scope (SEM) photographs of the stylus tip.
The internal consistency of such measure-
ments on styli in cartridges is typically no
better than 0.2 -pm rms. For the optical
measurements, an internal consistency (10
to 20 measurements on a single cartridge)
of better than 0.2 -pm rms is obtained.
Figure 11 shows a comparison of the opti-
cal measurement versus the SEM measure-
ment for a number of cartridges. For these
and other measurements, an rms deviation
of less than 0.2 pm is found (a small sys-
tematic error is likely because of the dif-
ference in the way the stylus tip is mea-
sured). Overall, the optical stylus measure-
ment can be said to have a present accuracy
that certainly exceed ±0.2 pm rms.

Such accuracy can only be attained if
the stylus is free of contamination because

64 RCA Engineer  29-2  Mar./Apr. 1984



a stylus shadow composed of only straight
lines is assumed. The presence of dirt in
areas where data are taken might result in
marked deviations from straight-line behav-
ior. The present software recognizes such
discrepancies when they occur, and flags
the measurement as being invalid. In future
software versions, bad data points will be
eliminated, and a second linear least -squares
fit will be performed for remaining data.
This will eliminate the effects of stylus
contamination provided it is sufficiently
local (size less than about 0.5 micrometers).

A totally automated cleaning system that
shares Intel SBC with the measurement
system has been developed. However, in
perhaps one out of ten cases, the stylus
remains too dirty to measure after machine
cleaning. Even though the system recog-
nizes contamination and signals for reclean-
ing and remeasuring, a machine -cleaning
failure rate of less than 1 in 50 would be
more desirable. This will be a major focus
of future work.

The measurement speed is a further im-
portant consideration for practical applica-
tions. The system as described above re-
quires a total measurement time ranging
from 20 to 30 seconds, including loading
and unloading of the cartridge. Approxi-
mately half of this time is involved in find-
ing and focusing the stylus tip, and the
remainder in the actual measurement. The
translator movements account for most of
this time (about 75 percent). The stepping
motors are operated at rates of up to 1000
steps per second. With better stages and
motors, rates approaching 2000 steps per
second could be attained, and stage cross-
talk reduced. Sinusoidal (rather than
square -wave) motor excitation would re-
duce mechanical vibrations, so that wait-
ing periods for data acquisition could be
reduced or even eliminated.

Conclusions
An optical measurement technique has been
described in which geometric features of
micrometer dimensions can be measured
to high accuracy by the use of an imaging
optics of numerical aperture 0.45 and work-
ing distance in excess of 10 mm. A preci-
sion of better than ±0.2pm has been de-
monstrated for the system, compared to
the classical Rayleigh resolution criterion
of about 0.8 pm. The long working dis-
tance enables the measurement to be car-
ried out on objects with restricted physical
access, realizing a precision that would
otherwise be unattainable.

The method described is generic: that is,

Robert Covey joined the Manufacturing
Systems and Technology Research Labo-
ratory of the RCA Laboratories in 1980 as a
Member of the Technical Staff. He has
worked primarily on VideoDisc-related
projects. He has participated in the devel-
opment of methods for automated image
sampling and analysis, and has developed
an exact theory of VideoDisc diffraction
that has been successfully applied to opti-
cal testing and laser playback of VideoDisc
masters.

He obtained his BS degree in Physics
from M.I.T. in 1962. He earned his Ph.D. in
Physics from the University of California at
Berkeley in 1970. After graduation, he
worked on postdoctoral research projects
in optics and spectroscopy at the Univer-
sity of Maryland, University of California, at
Berkeley, and the U.S. Naval Research
Laboratory, where he obtained an
NAS/NSF Research Fellowship. He then
joined industry, where he worked in the
design and production of optical parts and
coatings.
Contact him at:
RCA Laboratories
Princeton, N.J.
TACNET: 226-3044

Michael Gale joined Laboratories RCA Ltd.
in Zurich, Switzerland, in 1969 after receiv-
ing BA and MS degrees in Physics and
Optoelectronics from Cambridge and
Essex Universities (England), respectively.
He has worked on a number of applied
optics projects including surface -relief
microimages, high -resolution image sam-
pling and analysis, and development of a
single -chip CCD color camera. A number
of technical publications, 11 issued patents
and an RCA Laboratories Outstanding
Achievement Award have accompanied
this work.
Contact him at:
Laboratories RCA Ltd.
Zurich Switzerland

the basic technique of measuring "blurred"
images by sampling and analysis is appli-
cable to many types of high -resolution mea-
surement problems, and is capable of mak-
ing angle and length determinations on
any optically opaque object with straight
lines for boundaries. If the transmissivity is
known, correction for objects containing
partly transparent areas are straightforward.
With minor changes in the algorithms,
curved boundaries could also be determined
to this degree of accuracy provided certain
aspects of the shape are known beforehand.
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E.E. Doerschuk J.J. Moscony D.M.Weber

Shadow -mask etching for data -display tubes

The packing density of apertures in the high -resolution
data -display tube's mask is three times that in the conventional
entertainment tube's mask. RCA engineers overcame the
formidable manufacturing challenges by making ingenious
changes in the metallurgical specifications and in the
etching process.

Since the beginning of commercial color television in 1950, the
shadow -mask color picture tube has been the overwhelming
choice of receiver manufacturers as the display medium for
transmitted TV signals. Over the years, color picture tubes have
undergone many improvements. In the manufacture of the newly
designed color picture tubes, the shadow mask itself has under-
gone a steady evolution to more complex designs that have kept
pace with the ever-growing needs for improvements in tube con-
trast, beam convergence, and focus. These tube requirements
have also necessitated significant equipment improvements involv-
ing capital investment of many millions of dollars to manufac-
ture the new shadow -mask designs.

Initially,' masks used in 70° and 90° beam -deflection,
delta -type tubes (tubes with masks having round apertures and
dot screens) were etched so that the width of the steel strip was
parallel to the observer. This is termed vertical etching. How-
ever, with the advent of precision inline tubes (tubes having slit
type apertures and line screens), masks are etched so that the
width of the strip is perpendicular to the observer. This horizon-
tal etching process is necessary to prevent distortion of the slit,
which occurs in vertical etching at the lower portions of the
mask, due to the entrapment of ferric chloride etchant in the
resist overhang. This entrapment does not occur with horizontal

Abstract: The masks for RCA Video Component and Display
Division's high -resolution data -display tubes differ from the con-
ventional entertainment -type masks in critical ways outlined in
this article. Moreover, the manufacturing process had to be
altered to meet the greater demands posed by this new mask. The
authors cover metallurgical considerations, modifications to the
etching process, geometric considerations and more, in an effort
to compare the conventional manufacturing parameters and the
newly developed parameters for the data -display -tube application.

©1984 RCA Corporation
Final manuscript received February 8, 1984.
Reprint RE -29-2-11

Table I. Comparison of typical critical dimensions for var-
ious delta -type masks (see Fig. 1).

Mask type

Dimension Standard Medium High Ultra -high
entertainment resolution resolution resolution

A (mm) 0.70 0.40 0.30 0.20

B (mm) 0.33 0.19 0.14 0.09

A = Mask pitch or "A" spacing

B = Mask aperture diameter

Fig.1. Critical dimensions for delta -type masks. Both the
aperture spacing and the aperture size determine the degree
of resolution in data -display cathode ray tubes.

etching because the etchant is flushed through the aperture. As
improvements have led to increased electron -beam deflection,
from 70° to 110° tubes, the aperture geometry, formability of
the metal, warpage, and magnetic coercivity of the mask mate-
rial have all become more critical.

Data -display tubes

Even with all these design- and material -related changes in enter-
tainment -type tubes, there appeared on the horizon a new and
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Fig. 2. Comparison of typical screen structures for display
tubes. (a) Typical medium resolution screen structure,
(b) typical high resolution screen structure for RCA data
displays, and (c) typical ultra -high resolution screen structure.

even more challenging type of picture tube. Today, this tube has
become a reality and we find ourselves in a new era of data -dis-
play color picture tubes. Data -display tubes are made in medium-,
high-, and ultra -high -resolution versions. These tubes are used as
the display medium for personal computers, arcade, and home
games. The manufacturing of shadow masks for these tubes
presents formidable challenges, which have been successfully
undertaken by RCA Video Component and Display Division
(VCDD).

Figure 1 and Table I show some critical dimensions for
typical standard-, medium-, high-, and ultra -high -resolution dot
masks as viewed from the gun side. Figure 2 shows the various
illuminated screen structures obtained from the use of medium-,
high-, and ultra -high -resolution masks.

Table II. Typical percent chemical composition of rimmed and
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A pictorial comparison from the screen side of an RCA
13V/90°COTY mask and an RCA 13V/90° high -resolution
display mask is shown in Fig. 3. The packing density of aper-
tures in the high -resolution mask is three times that of the con-
ventional entertainment mask. Thus, it is obvious that artwork
requirements and etching yields are severely tested by the in-
creased number of mask apertures per unit surface area of the
mask. Of course, the mask cannot have a single imperfection
that would adversely affect the screen quality. Similarly, the vi-
sual uniformity must be acceptable in the flat and formed state.
These are the basic manufacturing challenges that VCDD faced.

Metallurgy

In the early phases of etching high -resolution data -display masks
at RCA, it was found that the use of conventional rimmed steel
(0.10 percent carbon, cold -rolled steel) resulted in masks with
poor uniformity. Also, masks showed a further degradation in
uniformity after the annealing and forming operations. A signifi-
cant improvement in flat and formed mask uniformity was
achieved when aluminum -killed (AK) cold -rolled steel was used
in place of rimmed steel. Figure 4 shows a flat mask aperture
made from rimmed steel and aluminum -killed steel respectively.
It is obvious that the edge defining the aperture for the AK steel
is superior to that of rimmed steel. The ragged apertures in
rimmed steel partially account for the poor mask uniformity.

A comparison of the chemical compositions of rimmed and
AK steels is shown in Table II. The impurity levels for the AK
steel are somewhat lower than for rimmed steel. Further, the
impurities in AK steel are uniformly distributed throughout the
body of the material. In the case of rimmed steel, the carbon
content is higher (0.10 percent) and there is an anisotropic dis-
tribution of all the impurities, giving rise to uneven etching and
nonuniform stretching of the metal. Nonuniform stretching dur-
ing the mask -forming operations can also be due to a metallurgi-

aluminum-killed steels. *

C(%) Si(%) Mn(%) P(%) S(%) Cr(%) Cu(%) Al(%) Fe(%)

Rimmed steel 0.10 0.10 0.25-0.50 0.040 0.050 ** * * **
t

Aluminum -killed steel 0.006 0.05 0.25-0.50 0.020 0.020 0.05 0.08 0.02-0.08

* Single values are maximum allowed.

** Not detectable

t Remainder
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13V/90° COTY mask 13V/90° High -resolution display mask
Fig. 3. Comparison of equivalent areas for 13V/90° COTY and 13V/90° high -reso-
lution display masks. The number of high -resolution display apertures is three
times the number of apertures per unit area in entertainment -type masks.

cal property termed yield -point elongation (YPE). Figures 5a
and 5b show tensile plots of materials with and without YPE. A
comparison of the information in Fig. 5 shows that AK steel can
easily be annealed to remove YPE. This positive characteristic is
another reason for selecting AK steel for data -display -tube shadow
masks.

Accommodating the new mask designs
Single-step data -display mask etching

Other factors besides the metallurgical considerations can affect
mask and aperture uniformity. Aperture visual and dimensional
characteristics are also determined during etching by equipment
configuration, process conditions, and artwork image -size design.
For entertainment -type masks, these parameters are well estab-

lished for efficient high -yield production. Extensive tests on pilot
and manufacturing equipment have shown, however, that these
entertainment -mask parameters must be modified to accommo-
date the small -aperture, fine -pitch, data -display mask designs. A
comparison of the entertainment -mask aperture geometry versus
the more demanding data -display mask aperture geometry leads
to conclusions on the ideal etching processes for these new
masks.

Entertainment -mask aperture geometry

Figure 6a shows the typical finished aperture geometry for enter-
tainment -type masks. This geometry provides good visual uni-
formity, process control, and acceptable electron -beam clearance.
The critical features of the geometry in Fig. 6a are a large

(a) (b)
Fig. 4. Comparison of rimmed steel and aluminum -killed steel display mask aper-
tures. (a) Rimmed steel display aperture, and (b) aluminum -killed steel display
aperture. The rimmed steel apertures are characterized by ragged edges. This
condition is not present on aluminum -killed steel and produces better visual uni-
formity in the finished mask.

Doerschuk/Moscony/Weber: Shadow -mask etching for data -display tubes 69



Upper yield strength = 35,300 psi
0.2% offset yield strength = 35,400 psi
Ultimate tensile strength = 42,000 psi
Yield point elongation = 7.6%
Total elongation = 37%
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Upper yield strength = 13,900 psi
0.2% offset yield strength = 13,900 psi
Ultimate tensile strength = 37,100 psi
Yield point elongation = <0.2%
Total elongation = 39.8%
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Fig. 5. Comparison of the stress versus elongation curves (after annealing) for (a)
rimmed and (b) aluminum -killed steel shows a discontinuous feature termed yield -
point elongation (YPE) in the rimmed material that is not present in the aluminum -
killed steel. YPE is a source of nonuniformity in the formed and blackened mask.

Screen Side
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defining electron
beam

Blunt surface inter-
face defining electron
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Fig. 6. Comparison of aperture geometry for (a) entertain-
ment and (b) data -display masks shows the data -display
geometry has smaller screen size openings, mare screen
side etching depth, and more blunt surface interface defin-
ing the electron beam.

screen -side aperture opening where 75 percent to 80 percent of
the etching is done from the screen side, and a swept -back sur-
face where the gun- and screen -side openings meet during etch-
ing. This aperture geometry provides slow -changing surfaces for
good process control during etching. Good visual uniformity also
results from the smoothed, swept -back opening that defines the
electron beam. Aperture openings are large enough to prevent
undesirable surface light reflections observed during mask inspec-
tions. Also the mask's finished aperture dimensions are such that
the required artwork image sizes are well within state-of-the-art
limitations.

Data -display mask -aperture geometry

Initial attempts at etching data -display -type masks by use of the
conventional entertainment -type manufacturing parameters met
with failure, due to poor mask uniformity. Subsequent tests on
pilot equipment showed that this poor uniformity was related to
the data -display mask -aperture geometry. Specifically, the gun
and screen openings, and the geometry of the intersecting sur-
faces where they meet during etching cause a nonuniform appear-
ance in the finished mask. This condition is exaggerated by art-
work -required image sizes that fall outside of current enter-
tainment -mask state-of-the-art limits.

Figure 6b shows the empirically determined preferred aper-
ture geometry for data -display -type masks. Critical features of
this geometry that distinguish it from the entertainment -aperture
configuration include the following: (1) screen -side openings are
small because of the mask design pitch; (2) 85 to 90 percent of
the etching is accomplished from the larger screen -side opening;
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(3) a blunt surface where the gun- and screen -side openings meet
defines the electron beam; and (4) the screen -side opening is
"hollowed out" to minimize surface light reflections that could
affect mask uniformity. These characteristics are necessary to
achieve the best visual and dimensional quality for the data -dis-
play product with maximum process control.

Etch modifications for data -display mask etching

The modifications to the conventional entertainment -type mask
etching process, required to produce the data -display masks,
were determined by two factors. One factor was the need for
more screen -side etching, as shown in the optimum aperture
geometry specified in Fig. 6b. This increased screen -side etching
reduces surface reflections that affect uniformity, and provides
the desired electron -beam clearance. The other factor identified
for modification was the geometry and surface configuration of
the gun- and screen -side surfaces where they intersect during
etching. This point eventually defines the electron beam.

Increased screen -side etching. It was determined that etch -
machine equipment modifications would be the most effective
method for achieving the increased screen -side etching. The most
critical part of the etching process takes place before the gun -
and screen -side surfaces meet, and "breakthrough" of the surfac-
es is achieved. After "breakthrough" occurs, the intersecting sur-
faces of the aperture are cleaned out and no more penetration
from the screen side alone is possible. For this reason, modifica-
tions were made to the equipment to adjust the ratio of the
gun -side to screen -side etching before "breakthrough" occurs.

On the manufacturing line, gun -side nozzles that dispense
the etchant were changed to reduce the etchant flow rate.
Extenders added to the spray manifolds of the screen -side noz-
zles, however, in effect moved the nozzles closer to the strip.
Pressures on both sides of the strip were adjusted to obtain ade-
quate, uniform coverage under this new set of conditions. Equip-
ment and spray pressures after "breakthrough" were not changed.
These modifications produced the desired increase in screen -side
etching without unmanageable adverse effects.

Modified openings. The need to modify the geometry and sur-
face configuration of the gun- and screen -side openings where
they meet during etching was approached in a slightly different
way. A series of pilot etching tests, unrelated to data -display
mask etching, was performed to determine the effect of etchant
temperature and concentration on aperture geometry for enter-
tainment -type masks. Visual and dimensional analysis of aper-
ture geometry for these masks showed that the gun- and screen -
side intersecting openings defining the aperture at particular
temperatures and concentrations were similar to the desired con-
figuration for data -display masks. Of course, these ranges were
undesirable from an entertainment -mask production standpoint
because current production rates would be significantly reduced.
They were, however, judged to be acceptable for data -display
mask production.

Laboratory tests were also run during this period to deter-
mine the effect of etchant temperature and concentration on steel
surface roughness. These tests showed that the improved unifor-
mity ranges found in the entertainment -mask aperture geometry
tests correspond to the smooth etch regions defined in this test-
ing. These results are shown in Fig. 7.

An optimum temperature/concentration combination for
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CI- 50. I DEG C
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Fig. 7. Baume and temperature -combination curves for
smooth and rough etch. The sections of curves to the right
of the dotted line define the regions where smooth etch and
improved mask uniformity are obtained.

data -display mask etching was selected based on the pilot enter-
tainment -mask aperture -geometry etch tests, and the curves in
Fig. 7. As indicated previously, the intent in selecting this com-
bination was to produce the optimum aperture geometry and
surface configuration where the gun- and screen -side openings
intersect and define the electron beam. Tests were run with these
conditions, which confirmed that a more desirable data -display
mask -aperture geometry with improved mask uniformity could
be produced.

Significant improvements have been made in RCA data -
display mask uniformity with these equipment and process mod-
ifications. Work is continuing in this area to realize further
improvements in the single-step data -display etching process.
Another area of etching technology that may need to be utilized
for data -display mask production involves two-step etching tech-
niques. In addition to the single-step process described, RCA
VCDD is exploring these two-step techniques.

Two-step etching

A more theoretical examination of the mechanics of etching
reveals why the etch process modifications to single-step etching,
previously discussed, improve display -mask uniformity and aper-
ture geometry. This examination also suggests other more com-
plicated equipment and process modifications that could be used
to produce high -quality data -display masks.

Several factors determine the minimum acceptable aperture
opening that can be obtained in a given material thickness. First,
there is a practical limitation to the minimum clearly defined,
developed image size. This, of course, is directly related to the
artwork image size. Also, etching unavoidably occurs laterally,
under the resist opening, as the material is being etched to the
required depth. Figure 8 shows progressive steps in the etching
process. In actual practice, lateral etching increases at a rate of
60 to 80 percent compared to the rate of depth etching. Even
after the two etched sides meet ("breakthrough"), it is necessary
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Fig. 8. Progression of etching. The individual sections show
idealized steps in achieving an etched aperture. Key fea-
tures in establishing aperture geometry are undercut, etch
depth, and etch allowance.

to continue etching to produce the desired openings. This addi-
tional etching action further increases the size of the minimum
obtainable well-defined etched aperture.

Etching that goes beyond the stencil opening is called
"undercut"-as etching depth decreases, the undercut decreases.
Therefore, a small minimum opening, whose shape and size
closely approximates the stencil opening, can be obtained by
etching to a minimum depth from the small -opening side of the
material. This side of the mask faces the electron gun and defines
the opening through which the electron beam passes. As pre-
viously indicated, this effect is accomplished in single-step etch-
ing by retarding the etching from the small side while simulta-
neously increasing the etching from the large side.

The minimum, clearly defined, opening size that can be
obtained using single-step etching is equal to about 70 percent of
the thickness of the material. If the minimum aperture size
required is smaller than 70 percent of the material thickness,
more complicated etching procedures must be employed.

Precision etching

To solve this problem, posed by a minimum aperture size that is
smaller than 70 percent of the material thickness, we designed
and built a shield -like chamber within the overall etch chamber
itself2 (Fig. 9). This equipment allows for a two-step or precision
etching process. The enclosure prevents the etchant from contact-
ing the small -opening side until the large -opening side is etched
to a predetermined depth. At this point, the material moves out

Fig. 9. Precision etch equipment and process. The cross -
sections show the use of a shield -type chamber to achieve
very small apertures for ultra -high resolution masks. This
relatively simple modification has been shown to be effec-
tive in producing good quality data -display masks.

of the protective enclosure, and the etching process is allowed to
take place simultaneously from both sides of the material. But
the etchant has been given a "headstart" on the large -opening
side.

The prolonged etching of the large -opening side effectively
reduces the material thickness so that only minimal etching of
the small side occurs before the two sides meet one another. This
etching procedure significantly reduces the undercut of the images
on the small -image side.

There are special advantages to the RCA two-step etching
process that cannot be achieved with one-step etching. Some of
the advantages are:

1. Minimum undercut occurs on the small -image side of the
strip.

2. Smaller etch allowance (Fig. 8) is needed.

3. The etched aperture more closely approximates the artwork
image.

4. This continuous process does not require the application of
an etch -resistant coating or other chemicals that retard etching.

5. Missing stencil defects on the small -image side are less critical
due to the fact that the enlargement during etching is signifi-
cantly less, compared to one-step etching.

6. Existing production equipment can be converted to two-step
etching in a relatively short time at minimum expense.

72 RCA Engineer  29-2  Mar./Apr. 1984



Some of the disadvantages with two-step etching are:

1. The productivity for a given etch -chamber length is signifi-
cantly less.

2. The large -size image undergoes a much greater undercut,
which sometimes causes a problem in the separation of adja-
cent apertures.

3. There is a loss in production flexibility because production of
entertainment -type shadow masks with a two-step etching
process is not economically practical.

Thus, it is obvious that a two-step etching process will be
employed in production only when there is a sufficient demand
to justify the increased cost for such a sophisticated shadow
mask.

Summary
RCA Video Component and Display Division has made signifi-
cant advances in shadow mask manufacturing technology, to
meet the challenges related to the production of shadow masks
for data -display tubes. Key factors in this progress have been a

better understanding of the etching process, the use of alumi-
num -killed steel instead of rimmed steel, and relatively minor
modifications to existing etching equipment. For very high reso-
lution masks, a novel etch -tank modification is used, which
employs a shield -type chamber to reduce the amount of etching
on the small -aperture side of the mask.

Even with all of the present and past innovations in pro-
cesses and equipment to produce color picture tube shadow
masks, there undoubtedly will be future challenges associated
with the introduction of high -definition television (HDTV) in the
years ahead. Currently, color data -display tubes represent a
promising business opportunity for VCDD. As this market ex-
pands in 1985 and beyond, VCDD plans to capture a sizable
market share of this high-technology product.
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T.I. Arnold

Involvement in quality

Automated Systems is improving the quality of its product and
improving morale as well as saving money, by calling on its
most valuable resource-the manufacturing workforce.

Various international successes in maintaining high quality while
increasing productivity have spawned similar efforts by U.S.
companies. Everyday a "new" innovative employee participation
program is created in hopes of capturing increases in productiv-
ity. Because each company has unique problems associated with
their specific products, the variety and scope of employee partic-
ipation programs runs the gamut. Generally, high quality and
savings in production costs are the desired primary goals.

One successful program is Involvement in Quality (IQ),
used with notable success at RCA Automated Systems. Located
in Burlington, Massachusetts, RCA Automated Systems is a
high-technology engineering and manufacturing plant employing
1700 people who work exclusively on the design and fabrication
of a wide range of military products. The manufacturing sector
reflects a high-technology environment in the diversity of pro-
cesses and the necessity for precision assembly. With annual
sales of over 120 million dollars, the production requirements for
different products vary from a few units a year to hundreds a
month.

These requirements present unique problems in implement-
ing workplace changes that affect overall manufacturing produc-
tivity. Traditionally, companies in contraction gain productivity
by reducing the existing workforce, but RCA Automated Sys-
tems has been growing at a rate of 10 percent per year and has

Abstract: Involvement in Quality (IQ) is an RCA Automated
Systems program designed to release the quality and productivity
ideas that are present in the workforce. The author describes the
preparation, training and kick-off steps in starting the program,
and then describes the specific achievements of the program,
including quality gains, and the employee .rewards system that
has been instituted

01984 RCA Corporation
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Fig.1. Those assigned as moderators received training recog-
nition certificates bearing gold seals.

been able to experience real gains in productivity. With the addi-
tion of new employees at a constant rate, Automated Systems
has had to overcome the "learning phase" drag on productivity.
A direct correlation between experience and productivity dem-
onstrated the need for strong on-the-job training and employee
participation in the decision -making process.

The Involvement in Quality program evolved over a two-
year period beginning with the establishment of goals and plan-
ning for the implementation process. Experiences gained during
the early phases were translated into refinements and redefinitions
of goals until results came into the desired range. The initial
phase consisted of organizing the manufacturing process into
groups that reflected the specific products in production..

Participation was mandatory and leaders were plant super-
visors. Initial response was positive but with time, the program
became reduced to a series of changes that affected and in some
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cases improved the work climate but did not improve methods,
quality, cost, or productivity. Typical improvements implemented
during this period included an employee credit union, weekly (as
opposed to bi-weekly) paychecks for those desiring the change,
and a variety of convenience moves.

The management believed that there were real rewards to
be gathered if RCA could release the quality and productivity
ideas that we were confident were present in the workforce.
Because it was recognized that there would be some up -front
expenditures before any payback was realized, an initial budget
was established. Thus a second phase or "new" program was
structured.

Preparation
The first step in the "new" Involvement in Quality program was
to develop and codify the goals. These were determined to be
threefold:

1. To increase the participation of employees in workplace deci-
sions, thereby tapping a large but quiescent source of ideas
for improvement.

2. To make the job processes faster, easier, less expensive, and/or
more consistent.

3. To improve the quality of work and thereby reduce both
internal rejections, rework, and the number of escapes.

Training
Recognizing that not all first -line supervisors are adapted to a
moderating/facilitating type of leadership, we provided four all -
day sessions for all first -line supervisors in both shop and office
functions. This training was aimed at increasing their ability to
stimulate group solutions to problems as well as their receptive-
ness to new ideas. Actual problems were solved and the supe-
riority of the group decision over the individual decision was
demonstrated as was the effect of the organization on the deci-
sion -making process. The plant training manager conducted these
training sessions with the Quality Assurance and Manufacturing
managers in attendance. The importance of this program to
management was further emphasized by a presentation by the

Fig. 2. The moderators training manual contains complete
outlines of all material presented in the four -day training
program.

Division Vice -President and General Manager. His presentation
emphasized that the IQ program was a division effort with sup-
port coming from all' levels of management. Recognition was
bestowed upon those completing these formal training sessions in
the form of certificates of completion (Fig. 1).

Moderator for each team
Upon completion of the training program, the Managers of
Manufacturing, Quality Assurance, and Training selected the
supervisors who would serve as team moderators. These deci-
sions were based on: demonstrated experience, performance in
the training sessions, and the amount of enthusiasm and effort it
was anticipated they would be able to exact from their person-
nel. In all cases, the moderator was a supervisor or professional
working in the same area as the team members. Figure 2 shows
the Moderator's Manual used to guide and formalize the training
sessions.

Kick off
Once the organization phase was accomplished, the next step
was implementation. A series of large meetings, accompanied by
refreshments to enhance the informal environment, were held
with all operations personnel. An outline of the mechanics of the
program with desired goals was presented. The responsible man-
agers discussed the "hidden storeroom" of ideas we were seeking
to use as well as the ground rules that defined the programs.
Suggestions were sought that would make a job faster, easier,
less expensive, or more consistent. The suggestions had to result
in increased productivity, reduced cost, or an improvement in
quality.

It was decided that IQ teams would consist of a moderator
and six to fourteen members, all of whom would be volunteers.
Hourly meeting periods during the working day were provided
once or twice each month. Ideas were evaluated by one of two
criteria. The first criterion was in reduced costs demonstrated by
typical "payback" -type justification that expressed the net annual
savings after amortization of the costs of implementation (not
including the direct costs of the IQ program).

The second criterion was improvement in Quality. In order
to avoid the categorization of non-conformance by a clerical
force unfamiliar with the actual condition, our Quality depart-
ment developed a uniform listing of some 39 objective descrip-
tions of non -conformances that could be invoked by the inspec-
tor and easily stored and processed by computer (Fig. 3). As a
result of this effort, we were able to post in each work area and
in one central area, tabulations showing the number of objective
(no opinion involved) and subjective (inspector's opinion) non -
conformances found (Fig. 4). These tables were accompanied by
line graphs of the non -conformances per unit found each day for
each of fifteen different work areas (cable area, printed circuit
boards, metal shops, racks, etc.). Thus, the charts give a daily
input of quality and the consequent costs of rework, repair, or
scrap. In addition to posting the summary data, a quality engi-
neer held a daily review of the previous day's non -conformances
with each Manufacturing and Quality supervisor. The data shown
on these charts and discussed in the daily review, together with a
calculated value of a non-conformance per unit for each work
area, serves as the base from which to calculate savings asso-
ciated with those ideas that provide improved quality, either
without or in conjunction with cost changes.
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DefeoIs ListInt
loctiv Dtects

I ADAPTER - DAMAGED. INCORRECT LENGTH

2 ASSEMBLIES - DAMAGED. INCORRECT. LOOSE. MISSING

3 BACKSHELL - LOOSE

1 BANOMARKER - DAMAGED. INCORRECT. INCORRECTLY POSITIONED. LOOSE.

MISSING

5 BOARS- CRACKED. DAMAGED. SCRATCHED. WRONG

21 BOOTS - DAMAGED. INCORRECT CONFIGURATION. MISSING

7 CABLE/HARNESS LENGTH -INCORRECT

8 CABLE ROUTING DRESSED INCORRECTLY. INCORRECT LOCATION

CHASSIS - INCORRECT ALIGNMENT INTO RACK OR NEXT HIGHER ASSEMBLY

10 COMPONENT - DAMAGED. INCORRECT. INCORRECT LEAD LENGTH. INCORRECTLY
MOUNTED. MISSING. SCRATCHED

11 CONNECTOR - DAMAGED. INCORRECT LOOSE. MISSING

12 CRIMP - INCORRECT (EXCLUDING LAI

13 DIMENSION - OUT OF TOLERANCE

11 DOCUMENTATION - INCORRECT. MISSING. SPECIFIES WRONG REVISION

15 FILLERS -- DAMAGED. MISSING

IS FLEXPRINT. - MISSING. TAPE DAMAGED

17 HARDWARE - DAMAGED. INCORRECT. INCORRECTLY POSITIONED. MISSING

18 ID LABELS - DAMAGED. INCORRECT. MISSING

19 INSULATOR - DAMAGED. LOOSE. MISLOCATED. MISSING

20 KEYWAY - INCORRECTLY POSITIONED

21 LEAD - COPPER EXPOSED. MISWIRED

22 LEAKIEST - FAILED

23 LUGS - DAMAGED. INCORRECT SIZE, INCORRECTLY CRIMPED

21 MARKING - INCORRECT IEXCLUDING REV. MANKIND BAND MARKERL
MISSING

25 OTHER

21 PINS - DAMAGED. MISSING. NICKED. PINCHED. SEATED IMPROPERLY

27 POTTING - INCORRECTLY PLACED VOIDS

21 REVISION - FABRICATED TO INCORRECT REV.. REV. MARKING MISSING

29 SLEEVING - DAMAGED. INCORRECT SIZE. MISSING, NIT INSERTED PROPERLY.
NOT SHRUNK

30 SOLDER/BOND MATERIAL - ABSENCES. BRIDGES

31 STAKING - MISSING

32 STIFFENER - INCORRECT. INCORRECTLY MOUNTED. MISSING

33 SURFACE DEFECT - BURNED. FINISH INCORRECT OR MISSING. SCRATCHED

31 TIE STRAPS - DAMAGED, INCORRECTLY POSITIONED. MISSING

36 TORQUE - EXCESSIVE. INSUFFICIENT

36 WIRES - DAMAGED. INCORRECT LENGTH. MISSING

37 WIRE WRAP - EXCESSIVE. INSUFFICIENT. LOOSE. PIGTAILING. SPIRALS

31 GEOMETRIC CHARACTERISTICS - OUT OF TOLERANCES

WORKMANSHIP - BURRS. SHARP EDGES, DIRTY

SublectIv °Owe
60 CONFORMAL COATING - CONTAMINATED. EXCESSIVE. INSUFFICIENT

51 CONNECTOR - TOUCH OP (SCRATCHES'

52 CONTAMINATION - HARDWARE

53 CONTAMINATION - SOFTWARE

54 MARKING - LEGIBILITY

55 SEALANT - EXCESSIVE. INSUFFICIENT

56 SOLDER/BOND MATERIAL - EXCESSIVE. INSUFFICIENT

57 SLEEVING - UNEVEN

58 STAKING/POTTING - EXCESSIVE. INSUFFICIENT

Hybrids Only Detects

70 ALIGNMENT - IMPROPER

71 BALL BONG - DEFECTIVE

12 BOND MATERIAL - EXCESSIVE. INSUFFICIENT

13 CASE/PINS - DEFECTIVE

71 CHEMICAL - DAMAGE. RESIDUE

75 COMPONENT - INCORRECT MISSING

76 CF1ACK/CHIPOUT

77 FOREIGN MATERIAL

78 GOLD/GLAZE - POUROUS. INSUFFICIENT

79 MARKING

BO PULL TEST FAILURES

BI RESISTOR - INCORRECT. OVERTRIM

82 SCRATCHES

83 SHORTS

84 CORE BOND - DEFECT

85 WIRE LOOP - EXCESSIVE. INSUFFICIENT

Fig. 3. The list of prevalent defects compromises between an all-inclusive, but
unused list of defects, and a list of defects that is too short to be descriptive.

Reporting

To effect a permanent change on employee's job -related thought
processes and behavior patterns, we needed to develop some
reporting method that would keep all personnel informed of
progress in IQ, acknowledge success, and recognize those indi-
viduals on teams that made significant contributions.

We selected three media of communication.

1. IQ -related pictures were posted in the main aisle of the
Administration/Engineering portion of the facility.

2. An IQ newsletter was started. The newsletter listed the achieve-
ments of the various teams and listed, by name, the individu-
als who participated.

3. Perhaps most importantly, a reporting board 10 feet high by
30 feet long was set up at the busiest aisle intersection in the
Manufacturing portion of the facility. This board consists of
fourteen (14) thermometers. Thirteen show the dollar savings
(including those attributable to reduced non -conformances)
generated by the individual teams while the fourteenth, which
is much larger and centrally mounted, reflects the combined
achievements of the entire program.

These methods keep the program knowledge current and they
result in a high interest level.

Implementation of problems and solutions
Initially, the teams met and conducted brainstorming sessions to
record all of the available ideas for improvements. The team
would select a promising idea and attempt to develop it to com-
pletion. We soon found two drawbacks:

1. The selection of the idea to work on was often made on
grounds other than schedule, eace of implementation, and
payoff. Emotion or the personal preference or forcefulness of
one individual frequently caused the selection of a less -than -
optimum project.

2. Developing the idea to fruition often required the assistance
of Production Engineers or others not on the team. As a
consequence, too many problems without complete solutions
were proposed for evaluation.

To overcome these two deficiencies, additional moderator train-
ing was given on how to set up a matrix of ideas and actions so
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Fig. 4. Wall charts show daily trends in defects per unit
(DPUs) and tabulations of all defects, both objective (no
opinion) and subjective (involving inspector's opinion).

that the most valuable ideas would be pursued. Moreover, teams
were encouraged to prepare their ideas in advance of meetings
and to follow through with a more complete evaluation.

Achievements
Since the revised IQ program has been active, measurable sav-
ings have been achieved. Substantial additional savings are in-
volved in changes currently being developed. The ideas that
were developed and adopted ranged from simple to complex
and from no measurable savings (intangibles only) to tens of
thousands of dollars per change per year of production. Three
examples were:

1. Baking of circuit boards after "stuffing." If they were on the
floor seven or more days after baking and before wave

solder, they were rebaked. The IQ team noted that due to
changing conditions, virtually all boards were rebaked. There-
fore, they proposed that the first bake be eliminated. Savings
resulting from this elimination of an operation were over
$3,000 per year.

2. Hydraulic transducer labels were serialized manually and an
identifying color band was painted on by hand. The team in
this area instituted preprinted serialized labels and had a parts
vendor mechanically stripe a subassembly with the desired
color code. These product and method changes resulted in
annual savings of $1,800.

3. Sheet -metal workers were producing templates and using
them to produce parts. The templates were then discarded,
mislaid, or reconfigured for another job. Reruns of the origi-
nal job required the fabrication of new, but identical, tem-
plates. The IQ team in this area established a file and retrieve
system for templates that saved over $2,000 annually.

Quality gains
A reduction in non-conformance (defects) per unit have been
experienced in virtually all work centers (Fig. 5). This improve-
ment has been achieved during a period where there has been a
substantial increase in the number of items inspected and a sig-
nificant increase in the number of new operators and inspectors
due to new hires, transfers, replacements for retirees, and so on
(Fig. 6).

Thomas I. Arnold was graduated from Stevens Institute of Tech-
nology in 1950 with a degree in Mechanical Engineering and in
1954 received a Master's of Science degree. Mr. Arnold is
presently Manager of Quality Assurance at RCA Automated Sys-
tems, Burlington, Massachusetts.
Contact him at:
RCA Automated Systems
Burlington, Mass.
TACNET: 326-5318
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Fig. 6. A decreased number of DPUs was achieved during
the same period that both number of inspections and hiring
of less -skilled workers increased.

Employee rewards system
Management decided that some tangible reward be directed to
the employees who had 'volunteered and had successfully partic-
ipated in the IQ program. Cash awards to teams, computed at
15 percent of the annual savings, were awarded. These were
calculated by computing the figure and dividing it equally among
all participants on the team.

Individual Award = (Teams Annual Savings) (0.15)

Number of Team Members

Each team member is presented a formal invitation to the
Award Ceremony. Awards are presented by the Division Vice -
President, further demonstrating that the program is supported
by management.

The future
The IQ Program has established itself as an integral part of
Automated Systems' philosophy. Expansion into non -manufac-
turing areas is being planned. The program has achieved measur-
able positive results for the company in quality and cost reduc-
tion and for the employees in awards and feelings of team
accomplishments. Also, it has proven the old adage that it is

always cheaper to "do it right the first time." To this we add
"and better." This level of processing and quality remains the
goal of RCA Automated Systems.
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Online
Literature

Searching

Did you know that
the following databases

are available to you
for online searching?

Conference Papers Index,
1973 to present-provides

access to records of
more than 100,000 scien-

tific and technical papers
presented at over 1,000

major regional, national
and international meetings

each year.

RCA TAD (Technical
Abstracts Database),

1968 to present-provides
access to records of more

than 18,000 RCA technical
documents, including tech-

nical reports, engineering
memoranda, unpublished

manuscripts, patents, and
technical notes.

Your RCA librarian
will be pleased

to assist you
in searching

these databases.. .

and many others, too.
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The Engineer's Notebook

Just-In-Time-Making exponential productivity gains
Scott I. Alexander

David A. Riggs
Corporate Staff Materials

Cherry Hill, N.J.

in today's competitive global market, just to keep even will
require much greater productivity gains than have been typical
of most U.S. industry. Improvement must be exponential, not
incremental. The adoption of Just -In -Time (JIT) is a clear way
to make these exponential gains.

Members from Corporate Staff Materials have spent time
over the past two years gathering information on Just -In -Time
and have put together a presentation on this topic. They are
involved in an effort to encourage Just -In -Time pilot projects at
RCA. Although a complete explanation of JIT is beyond the
scope of this article, some introduction to this topic can be given.

Definition

The most basic definition is this. JIT is an operations philosophy
(rather than a system) of producing only the minimum necessary
units in the smallest possible production -run quantities at the
latest possible time with the objective of achieving plus or minus
zero performance to schedule.

Just -In -Time prescribes no single methodology or technique.
It simply establishes the goal to pursue, the means to achieve this
goal, and the self -evaluation standard for the measurement of
success. Waste of all types must be removed from our manufac-
turing processes in order to have factories function without
inventory, inventory that compensates for the problems not yet
solved. Look at the causes of inventory: quality problems, set-up
time, long cycle times, improper scheduling, inadequate informa-
tion systems, complexity instead of simplicity, old habits and
attitudes. In this sense, inventory is one yardstick of how good a
total management job is being done. With layers of inventory
slowly peeled away, concentration can then be focused on
attacking the most visible evidence of remaining wastes. This
waste manifests itself in inventory that is too high, quality that is
too low, lead times that are too long, and material that aimlessly
moves too much and too frequently around our factories. By
analogy we can view inventory as the water level in a pond with
a rocky bottom. The rocks represent problems. As the water
level goes down, invariably at the worst possible time, the prob-
lems are suddenly and unexpectedly exposed. It is better to force

Abstract: Just -In -Time is primarily an attack on the manufac-
turing inefficiencies that excessive inventory causes and conceals.
The goal is to strip away inventory, expose problems, and then
fix them. To do this carefully and effectively requires a number
of complex and interrelated steps. The authors are now
encouraging JIT pilot projects at RCA.

©1984 RCA Corporation
Final manuscript received February 17, 1984.
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the water level down on purpose, expose the problems and fix
them now, before they cause trouble.

The elements
The following key elements
system:

 Reduced inventory

 Short set-up times

 Elimination of waste

 Total quality control

 Small lot sizes

 Short-term schedule
stability/predictability

of Just -In -Time make it a useful

Multifunction workers

Preventive maintenance

Emphasis on simplicity

Highlights problems/opportunities

Supplier networks

The benefits
The benefits of Just -In -Time are significant:

 Reduced lead time and
shortened production time

 Improved customer service

 Reduced material handling

 Increased visibility
to management

Following is some additional detail on one of the key elements
given above.

 Higher quality

 Reduced space

 Reduced capital requirements

 Increased productivity

Total quality control

Total quality control.means a lot of things. The emphasis is on
defect prevention rather than defect detection. Improved quality
is a prerequisite as well as a benefit. Quality must be good to
start, but JIT will greatly improve quality.

Statistical process -control techniques are used, with the
emphasis on the quality of the process as well as the quality of
the product. Fail-safe production techniques are used. We should
design the product or the assembly technique so that it is impos-
sible to do any wrong-the "square peg in a round hole" con-
cept. Or use machines that detect problems and automatically
stop or light up. Take judgment out of the inspection process.
The more these techniques are used, the closer we come to
achieving effective 100 percent inspection.

Problems get fast feedback. Problems are made visible with
automatic machine shutoffs, warning lights, and so on. Problems
are also made visible by low inventory and the constant pressure
that the line won't run if everything isn't right; every part is
needed.
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7. Work with Vendors

 Reduce lead times
 Frequent deliveries
 Project usage requirements
 Quality expectations
 Continuous improvement

6 Reduce Inventory More

 Look for other areas
-Stores
-Transit
-Carousels
-Conveyors

 Continuous improvement

1. Education and Awareness

 Concepts training
 All levels
 Benefits and potential
 Accomplishments here

and elsewhere
 Total commitment

CONCURRENTLY

8 Improve Product Design

 Standard product configuration
 Standardize and reduce number

of parts

 Process'design with product
design

 Quality expectations

9. Solve Problems

 Stop production
 Solve permanently
 Team approach. worker and

specialist responsibility
 Identify areas for

improvement

 Emphasize training

5. Kanban Pull 4

 Demand pull
 Backflush
 Reduce lot sizes
 Continuous improvement

Stabilize Schedule

2. Design Flow Process

 Overlap operations
 Reduce setup/changeovers
 Balance workstation

capacities
 Relayout for flow
 Emphasize preventive

maintenance

 Reduce lot sizes
 Continuous improvement

3. Total Quality Control

 Worker responsibility
 Measure SOC
 Enforce compliance
 Fail-safe methods
 Automotive inspection
 Continuous improvement

 Schedule in rates
 Underutilize capacity
 Measure cumulatively actual -to -plan
 Establish freeze windows

Fig.1. Nine steps to improve quality and productivity and accomplish repetitive
manufacturing. Note that "kanban" is a simplified control or execution system. Typ-
ically, when parts are needed, a kanban (literally, a card) is passed to the preceding
upstream workstation. The "kanban" is the only authorization for that workstation
to produce parts. Kanban is only a small part of the overall JIT concept.

Employee involvement is stressed. The worker is encour-
aged to be responsible for the quality of production and is given
tools and a situation that makes him capable of producing parts
to specifications. Management provides the necessary work aids,
and supports the workers in their endeavor to avoid producing
poor -quality products. It becomes a way of life that bad parts
never pass from one operation to the next in the manufacturing
cycle. There is a habit or philosophy of continuous improve-
ment. Previous programs-we all remember "zero defects"-
were different than what we're talking about here. They didn't
change the way we operate, so there was no additional need or
visibility. Mostly, a slogan campaign held sway. The importance
of worker involvement, and the constant emphasis under JIT for
the production worker to be more responsible for quality, cannot
be overemphasized.

Just -In -Time deliveries is not necessarily one of the first
steps of a pilot program even though this is one of the most
talked about aspects of JIT. It is important first to get our own
house in order, to provide the stability that will make Just -In -

Time deliveries a contributor and not a problem. And the real
intent is not to have suppliers make Just -In -Time deliveries from
their own enlarged inventory, but to have these suppliers adopt
JIT in their own factories. And the place to start with suppliers
is quality improvement followed by Just -In -Time deliveries.

Summary
Major companies in businesses similar to those pursued at RCA
are making large investments in, and commitments to, JIT.
Through a pilot program approach, these companies are report-
ing major improvements and are planning a continued and
broader implementation of JIT. A chart representing a typical
implementation sequence shows nine steps that can improve
manufacturing quality and productivity (Fig. 1). Just -In -Time
will be more fully explored in a future issue of the RCA
Engineer.

Contact: S.I. Alexander TACNET:222-4387
D.A. Riggs TACNET:222-6813
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J.L. Hotmire

A computerized system for process quality control

Data acquisition equipment, computer hardware and software
are enhancing the work done by the Process Quality and
Reliability Assurance Group in the Video Component
and Display Division, Marion, Indiana.

in May of 1981, a study at the RCA
Video Component and Display Division,
Marion, Indiana, was made of Process Qual-
ity Control variables data to determine the
quantity of measurements taken by the
QC patrol inspectors during one month.
Prompting this study was the recognition
that the current method of tabulating and
analyzing variables measurements is labo-
riously time consuming. Requests for data -
analysis results by other engineering or
manufacturing functions often take too
much response time; answers are needed
quickly when dealing with a poor or ques-
tionable production trend.

A look into the future of the color pic-
ture tube reflects the need for the highest
quality product that will successfully com-
pete in a market that is already oversup-

Abstract: Advancing technology in color
picture tube design, construction, and
manufacturing makes it imperative for the
Process Quality Control Activity to be a
progressive service group. To this enci a
study was made of QC -sampling tech-
niques and mass -data -capturing systems
available through the Hewlett-Packard
Company. Several HP computer systems
were investigated before finally deciding
on the HP 1000 Model 60 Computer Sys-
tem, a high -capacity technical computer
system that combines fast real-time
responses with powerful software. This
system was proposed to and accepted by
RCA management and became opera-
tional in the fourth quarter of 1983.
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plied. Increased type proliferation, chang-
ing tube design and construction, increasing
process -equipment sophistication, and tight-
er process and product specifications have
made it imperative to modify the antiquated
system of process quality control.

Michael Mizell, metallurgical sales engi-
neer, and LawrenCe Strattner, manager of
marketing programs, both of General Elec-
tric, stated in a presentation at the Quality
Expo TIME '81:

"Many industries and much of plant man-
agement still fail to recognize that a dynamic
production process requires living with
change. The better one is able to monitor
that change, the better chance there is of
improving productivity and creating a higher
quality product.

There has never been a time when the
world has been more quality conscious. Man-
agement feels the pressures of the new wave
of consumer consciousness, and realizes the
consequences of failure to deliver quality.
One product that fails or one product deliv-
ered to a customer that doesn't live up to
expectation can cause the loss of a sale, a
customer, or many customers."'

RCA management is "living with
change." An effective and efficient method
of handling the large amount of variable
measurement data, which will allow for
more rapid feedback of process or product
control to engineering or manufacturing,
has been determined. A computer -aided
system, the Hewlett-Packard 1000 Model
60 Computer System, was proposed and
accepted for the Process Quality Control
function; HP hardware and system soft-
ware installation and debugging was com-
pleted in November of 1983. Applications
software development for use in the sys-

tem has been an ongoing activity since
March.

An electronic spreadsheet software pack-
age, an 8 -channel multiplexer, and office
terminals have been added to the system.
These additions are facilitating a more rapid
growth of software development and CPU
utilization.

Recognizing the need

Control system

Process Quality Control has a number of
inspectors that patrol manufacturing oper-
ations, monitoring both process and prod-
uct characteristics; attribute and variables
measurements are taken repetitively to deter-
mine process control, capabilities, and
trends. Measurement data of the various
sampling parameters are entered by hand
on control charts by the quality control
inspectors. Some control -chart applications
require plotting of individual measurements,
while others require calculations of aver-
ages (X) and ranges (R) before plots can
be made. At the end of each month, all
control charts are summarized by QC engi-
neering personnel. A "Processing Variables"
report using chart summaries is issued for
historical purposes by the Management In-
formation Systems and Service (M.I.S.S.)
department.

Variables sampling characteristics

A minimum of 24 critical product -related
characteristics are routinely audited to deter-
mine process control. Control charts are
not the only means of communicating prod-
uct/process conditions to interested person -
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nel; copies of raw data sheets, process -
capability studies, time -period comparisons,
letters, meetings, and so on are also used.

Data count review

A review of sampling data was made to
determine the number of measurements
that were taken in a month; process and
product sampling by QC engineering and
supervisory personnel was not taken into
account. Results of the study showed the
following interesting conditions:

1. Nearly 100,000 analytical, microscopic,
dimensional, and optical variable type
measurements are made each month.
Over 55,000 of this total are made of
opening sizes (phosphor strip width or
dot size) of matrixed picture and data
display panel/mask assemblies with a
Vickers Image Shearing microscope that
has an electronic digital readout system.

2. Approximately -83 hours per month of
inspector time is involved in control
charting graphite pH, percent graphite
solids, opening size, and guard -band
widths in the matrix activity alone.

3. A large percentage (56 percent) of mea-
surement data is omitted from Matrix
control charting. Demonstration of pro-
cess control is based on sample sizes of
four (X and R charts), and because of a
reduction in the quality control inspec-
tion force and tightened inventory con-
trol, the required sample size often can-
not be satisfied.

4. The QC clerk spends 17 hours each
month verifying, summarizing and pre-
paring control charts.

5. Approximately 350 charts are summa-
rized at the end of each month for the
"Processing Variables" report.

6. M.I.S.S. cost to produce the "Process-
ing Variables" report amounts to $200
per month.

New tube types
and tighter specifications

The advent of higher -resolution tube types
and color -data display -tube production dic-
tate more stringent process and product
specifications. John Ratay, now Division
Vice -President of Manufacturing for the
Video Component and Display Division
of RCA, wrote in an article for the RCA
Engineer,

"Internally, we are attempting to achieve a
30- to 50 -percent tightening in tolerances.
. . . . Manufacturing engineers continually at-

tempt to tighten one departmental process/
product standard per calender quarter. We
are working in aims we feel are important
to tube performance and process latitude in
downstream in -plant operations. This pro-
gram also will allow us to introduce pro-
duction mechanization improvements with
a minimum of difficulty. If the total sys-
tems' tolerances can be reduced, it will be
easier to assemble the product, and unifor-
mity and repeatability will be improved."'

Fitting the need
Corporate recommendations

The QC measurement data count was re-
viewed with the Corporate Management
Information Systems and Service represen-
tative, who has the responsibility for approv-
al of computer system purchases for. the
RCA Video Component and Display Di-
vision. Because of the bulk of data gener-
ated, it was recommended that an inde-
pendent computer system be pursued for
Process Quality Control use. Investigation
of Hewlett-Packard computer systems was
encouraged because of a Corporate pur-
chasing arrangement with that company.

"A minimum of 24 critical
product -related characteris-
tics are routinely audited to
determine process control."

Hardware objectives

Computer system prerequisites that need
to be considered are as follows:

 It must be able to receive measurement
data from the Vickers microscope; this
electronic instrumentation has the capa-
bility of producing binary-coded decimal
information (measurements converted to
a language the computer understands),
which can be fed into the computer sys-
tems' data base.

 It must be able to communicate to ter-
minals located a long distance from the
computer.

 Vickers data input must be convenient to
accomplish.

 The computer must have adequate size
to handle both large amounts of data

and associated addresses of that data (that
is, date, shift, activity, sampling charac-
teristic, panel or tube type, room, ma-
chine, position, and data measurement).

 It must be able to handle other service
groups requirements, if needed.

 It must be compatible with other com-
puter systems in the Marion, Indiana,
plant.

Software objectives

Initial software goals that needed to be
considered are listed below.

 Process control and, in particular, mea-
surement analyses that include calcula-
tions and specification -limit signals.

 Control trends (graphical output) that
track by shift, day, week, month; by
machine, room, type, lighthouse bank;
and by slurry, graphite, caustic acid.

 Process capability studies that are given
by shift, day, week, month; and by all
variable characteristics.

 Comparisons (tests for significance) on a
shift -to -shift, day-to-day, basis; and on a
before -after process change basis; and on
a room -to -room, bank -to -bank, machine -
to -machine basis.

 Attribute data by the shift, day, week,
month.

 Reports on a daily, weekly, monthly basis.

 Departmental attendance records.

 Special purposes, such as visual aids for
group meetings, and specific gravity tables.

Hewlett-Packard computer systems

Several HP computer systems were re-
viewed for possible application to Process
Quality Control requirements including the
following:

1. System 45 Desktop Computer and two
independent Series 80 (HP 85) units
for factory terminals.

2. HP 1000 Model 10 L -Series -based sys-
tern.

3. HP 1000 Model 16 A600 computer
system.

4. HP 1000 Model 60 E -Series -based sys-
tem.

Each of these systems, proposed by HP
Sales representatives, was applicable; how-
ever, consideration of future needs and
desired compatibility with other RCA com-
puter systems limited the selection.
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Satisfying the need

Model 60 computer system

The computer system that Process Quality
Control selected for use is the Model 60
system; it uses an E -Series central proces-
sor, which is an intermediate -performance
computer of the HP 1000 family. The
Model 60 system is a high -capacity tech-
nical computer system that combines fast
real-time responses with powerful software
allowing multiuse arms to large amounts
of data.

Operating system software. The RTE-
6/VM, real-time executive operating sys-
tem provides virtual memory for data that
will benefit statistical analysis.

Data base management The Image/1000
provides a complete set of software tools,
used to consolidate data files into a single
data base to be accessed by many different
people. It's for people who don't have and
don't need sophisticated programming skills..

Graphics/1000-H. This software has inter-
active and three-dimensional capabilities.

Mass -storage capability. The system has
16.5 Mb with fixed -disc reliability and
integrated tape drive for backup.

Graphics terminal. This is a high -qual-
ity display with built-in graphics hard copy.

Printer, 180 CPS. Bidirectional dot matrix
serial printer.

DSN/data link. Data -communications inter-
face between the computer and collection
devices (DSN = Distributed Systems Net-
work).

Datacap multiplexer. One binary -coded -
decimal parallel interface card is for the
Vickers microscope output and one 4 -chan-
nel serial I/O interface card is for the Lear
Siegler ADM -5 terminals.

Lear Siegler ADM -5 terminals

During the selection of the data collection
system, it was decided to purchase Lear
Siegler ADM -5 dumb terminals, primar-
ily, because of the. HP/LS price differen-
tial. The ADM -5 is an interactive device
that is used to enter, display, and send
information to a host' computer, and to
receive and display information from the
computer.

Sharing the system

When the software/hardware goals of Pro-
ms Quality Control are realized, this com-
puter system will be opened to the Parts
and Material Quality Control Engineering
and eventually to Manufacturing Engineer-
ing. Arrangements for their usage have
been included in the initial DSN/data-link
installation for cost savings.

Mass -storage capability for the system
was limited to 16.5 Mb in an effort to
satisfy Process QC needs and keep the
dollar investment to a required minimum.
For Parts and Material QC Engineering to
gain arms to the system, more disc space
will be needed.

Expansion

Every facet of the HP 1000 Model 60
System is expandable. The computer mem-
ory, disc memory, number of terminals,
printers, plotters, digitizers, instruments, can
all be increased as the need arises. Up to
256 devices may be connected anywhere
along two DSN/data link cables, and any
device may be connected up to 2.5 miles
from the computer.

Expansion, since installation, has been
limited to the addition of an 8 -channel
multiplexer, two office terminals and an
electronic spreadsheet software package.
This has facilitated ease of arms to the
computer by more than one person at a
time, and sets the stage for communication
with two other HP 1000 systems at the
Marion plant and for secretarial word-
processing capabilities.

Summary
A study of the sampling data collected by
the patrol inspectors of the Process Qual-
ity Control department showed that a siz-
able quantity of measurements are handled
each month. Moreover, a single measuring
device, the Vickers Image Splitting Elec-
tronic Digital Readout unit, generates about
half of the measurements taken by the
department. In addition, increasing tube -
type proliferation and tighter process and
product specifications dictate a progressive
quality control function. Because of this
awareness, efforts were made to obtain
mass data -collection technology, that is, a
computer system.

Numerous hardware and software require-
ments were considered that would enable
QC Engineering and Supervision to be
more responsive to process and product
conditions, trends, other manufacturing sup-
port groups, and so on.

The Hewlett-Packard system selected was
the HP 1000 Model 60 E -Series computer
system, a high -capacity technical comput-
ing system that combines fast real-time
responses with powerful software. It has
unlimited expansion capabilities.
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Obituary

Bill Hadlock, first RCA Engineer editor

William 0. Hadlock died on March 11, 1984, after a long illness. He was 73.
Mr. Hadlock retired in 1976, after 41 years of service in the radio -electronics
business, 20 of them with RCA. Bill is probably best known for his work as editor
of the RCA Engineer, a journal written by, and distributed to, engineers and
scientists at RCA. His service as RCA Engineer editor spanned more than 20 years.
He was responsible for inaugurating the journal in 1955 and serving as its first
editor and publisher; during his tenure, he produced more than 120 bimonthly
issues, covering technologies that ranged from television and computers to lasers,
space technology, and advanced communications. During that time, he was also
Manager of Technical Communications with responsibilities for RCA's corporate
technical publishing and technical reporting program and for RCA Trend as well as
the RCA Engineer.

Bill was born in Brier Hill, New York, on February 17, 1911. He attended
Clarkson College of Technology and graduated with a Bachelor of Science degree
in Electrical Engineering in 1934. In 1934, he joined a newly formed Radio
Engineering Group at General Electric where he worked in components
engineering, and then on design of battery and farm radios. In 1939, he worked on
the design of TV transmitters, and later transferred to Sales Engineering in G.E.'s
Electronic Tube Division. During the war, he became Assistant Manager of
Commercial Service Activities. In 1944, he inaugurated and produced G.E.'s series
of electronic tube manuals.

In 1947, Mr. Hadlock joined RCA, Camden in the Broadcast Equipment
Section. His work there included technical editing and writing in conjunction with
the sale of TV and broadcast equipment. During this time, he had several papers
published in technical journals. In 1949, he was appointed Managing Editor of
Broadcast News, and in 1950 became Manager of Broadcast and Television
Advertising and Sales Promotion. Responsibilities included initiation of a series of
nine catalogs on technical broadcast equipment totaling over 1000 pages,
production of Broadcast News, and planning of trade -paper advertising.

A personal note on Bill Hadlock

I worked with Bill Hadlock for
more than 12 years; all of that
time he was editor of the RCA
Engineer. His passing gave me
cause to reflect on his role as
editor of the RCA Engineer;
however, I can't speak about that
part of Bill Hadlock without
reflecting on his larger
commitment to communi-
cations-in the engineering
profession and in RCA. Bill was
one of the most enthusiastic
spokesmen for quality
engineering communications I
have ever met. He was probably
responsible for helping several

hundred of today's RCA
engineers start their profes-
sional writing careers through
his leadership with the RCA
Engineer, with the Technical
Publications Program, and with
the RCA proprietary Technical
Reporting Program. Throughout
all the time I knew him, he never
lost his enthusiasm helping a
young engineer get started
writing his first paper, or for
"pushing" an older engineer to
write another. We'll all miss
that "push."

John C. Phillips
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Patents

Advanced
Technology Laboratories

Heagerty, W.F.
Caracciolo, G.T.1Gehweiler, W.F.
Radiation hardened accessible
memory -4418402

Commercial
Communications Systems

Davis, W J
Raster -scanned CRT display system with
improved positional resolution for digitally
encoded graphics -4415889

Hurst, R.N.
Indicator control signal generator for video
tape recorder -4413288

McSparran, J.F.
Shock and vibration resistant electrical
switch -4423296

Consumer Electronics

Hicks, J.E.
Horizontal deflection circuit -4419608

Muterspaugh, M W
Tuning system for a multi -band television
receiver -4418427

Tallant, J.C., 2ndlHettiger, J.
Manually gain presettable kinescope
driver in an automatic kinescope bias
control system -4414577

Willis, D.H.1Clayburn, R.C.
Television receiver ferroresonant power
supply with permanent magnet
biasing -4415841

Yorkanis, B.J.1Sepp, W.E.
Delay circuit employing active bandpass
filter -4422052

Laboratories

Angle, R.L.
Electrically alterable, nonvolatile floating
gate memory device -4417264

Barnette, W.E.1Jebens, R.W.
Lens positioning controller for optical
playback apparatus -4418405

Bogner, B.F.
Broadband non -contacting RF shielding
gasket -4414425

Botez, D.1Eftenberg, M.
W -guide buried heterostructure
laser -4416012

Curtis, B.J.1Ebnoether, M.
Reverse etching of chromium -4421593

Datta, P.1Friel, R.N.
Conductive video discs -4416807

Denhollander, W.
Horizontal deflection circuit with linearity
correction -4423358

Dholakia, A.R.1Ruggeri, V.J.
Grinding apparatus -4418500

Dholakia, A.R.
Stylus lifting/lowering actuator with air
damping -4423500

Dischert, R.A.
Television display with doubled horizontal
lines -4415931

Dischert, R.A.
Adaptive reconstruction of the color
channels of a color TV signal -4417269

Dischert, R.A.10akley, C.B.
Compatible component digital
system -4419687

Dischert, W.A.
Method and Apparatus for rotating a
stylus during lapping -4419848

Evans, R.M.
Tuning system for a multi -band television
receiver -4418428

Flory, R.E.
Clamp for line -alternate signals -4414572

Henderson, J.G.
Television frequency synthesizer for
nonstandard frequency carrier -4422096

Jolly, S.T.
Method for forming an epitaxial compound
semiconductor layer on a semi -insulating
substrate -4421576

Kaiser, C.J.
Substrate for optical recording media and
information records -4423427

Kleinknecht, H.P.
Automatic photomask alignment system
for projection printing -4422763

Knop, K.1Gale, M T
Multiple image encoding using surface
relief structures as authenticating device

for sheet -material authenticated
item -4417784

Kressel, H.1Hsu, S.T.
Memory array with redundant
elements -4422161

Lewis, H.G., Jr.
Digital color television signal
demodulator -4415918

Lewis, H.G., Jr.lAcampora, A.
Digital signal processor with symmetrical
transfer characteristic -4422094

Lin, P.T.

Apparatus for coating recorded discs with
a lubricant -4421798

McCusker, J.H.1Thaler, B.J.1Tsien, W.H.
Coating adhesion testing -4413510

Olsen, G.H.
Semiconductor light emitting
device -4416011

Prabhu, A.N.1Hang, K W
Air-fireable thick film inks -4415624

Reid -Green, K.S.1Marder, W.Z.
Numerically controlled method of
machining CAMs and other
parts -4423481

Shidlovsky,1.1Harty, W.E.
High density information disc
lubricants -4416789

Strolle, C.H.1Smith, T.R.1Reitmeier, G.A.
Calculation of radial coordinates of polar -
coordinate raster scan -4415928

Tarng, M.L.
Multi -layer passivant system -4420765

Toda, M.10saka, S.
Photoelectric drive circuit for a
piezoelectric bimorph element -4417169

Upadhyayula, L.C.
Voltage comparator using unequal gate
width FETs-4420743

Wang, C.C.1Bates, R.F.
High density information disc -4414660

Wargo, R.A.
Television ghost signal detection during
the video information interval -4413282

White, A.E.
Apparatus and method for automatically
replenishing liquid and measuring the rate
of evaporation of a liquid -4418576

86 RCA Engineer  29-2  Mar./Apr. 1984



Wine, C.M.
Video player apparatus having caption
generator -4418364

Missile and Surface Radar

Schelhorn, R.L.
Method of connecting surface mounted
packages to a circuit board and the
resulting connector -4417296

Patent Operations

Limberg, A.L.
Voltage -followers with low offset
voltages -4420726

Solid State Division

Ahmed, A.A.
Plural output switched current amplifier as
for driving light emitting diodes -4417240

Faulkner, R.D. 1 Henry, D.V.1Muth, D.L.
Electron multiplier having an improved
planar ultimate dynode and planar anode
structure for a photomultiplier
tube -4415832

Marschka, F.D.
Control -screen electrode subassembly for
an electron gun and method for
constructing the same -4414485

Schade, 0.H., Jr.
Offset compensation apparatus for biasing
an analog comparator -4417160

Todd, A.A.
Testing semiconductor furnaces for heavy
metal contamination -4420722

Solid State
Technology Center

Leung, C.W.1Dawson, R.H.
Blumenfeld, M.A.1Biondi, D.P.
Low temperature elevated pressure glass
flow/re-flow process -4420503

Stewart, R.G. Mazin, M.
Read only memory (ROM) having high
density memory array with on pitch
decoder circuitry -4419741

Stewart, R.G.1Mazin, M.
Apparatus for decoding multiple input
lines -4423432

Video Component
and Display Division

Alvero, E.J.1Kelly, W.R.
System and method for determining the
light transmission characteristics of color
picture tube shadow masks -4416521

Pen and Podium

Vandrmer, D.D.
Method for preventing blocked apertures
in a cathode ray tube caused by charged
particles -4416642

VidoeDisc Division

Brandinger, J.J.
Video disc pickup stylus -4418407

Brooks, W.C.
Electroforming apparatus for use in
matrixing of record molding
parts -4415423

Cave, E.F. I Cowden, J.J.
Stylus manufacturing method -4417423

Christopher, T.J.1Dieterich, C.B.
Digital on video recording and playback
system -4419699

Kelleher, K.C.
Turntable speed control -4417332

Kelleher, K.C.
Video disc player with RFI reduction
circuit including sync tip clamp -4418363

Prusak, J.J.1Patel, B.P.
Method for molding an article -4414167

Taylor, B.K.
Stylus arm for video disc player -4418408

Recent RCA technical papers and presentations

To obtain copies of papers, check your library or contact the author or his divisional
Technical Publications Administrator (listed on back cover) for a reprint.

Advanced
Technology Laboratories

W. Gehweiler IF. Borgini
I. Wacyk I J. Pridgen
A. Feller I P. Ramondefta IJ. Saultz
Advanced CMOS/SOS Integrated
Circuits-Presented at IEEE Aerospace &
System Society Conference, San
Francisco, Calif. (11/14-16/83)

Astro-Electronics

D. Balzer IT. Auslander
Evolution & Flight History of the DMSP
Propulsion Module-Presented at JANNAF
Propulsion Meeting, New Orleans, La.
(2/7/84)

C. Chao I F.H. Chu
A General Algorithm for Decoupling

Equations of Motion using Non -
Orthogonal Measured Modes-Second
Intl Modal Analysis Conference, Orlando,
Fla. (2/6-10/84)

D. Gross IF. Chu IC. Trundle
Advanced Analysis Methods for
Spacecraft Composite Structures-
SAMPE Conference, Reno, Nev. (4/3/84)

K. Johnson 1 N. Samhammer
Implementation of a Computer -Aided
System for Spacecraft Structures-SAMPE
Conference, Reno, Nev. (4/3/84)

C. Profera1H. Soule1J.Dumas
J. MacGahan IJ. Rosen
Shaped Beam Antenna for DBS-AIAA
Communications Satellite Systems
Conference, Orlando, Fla. (3/18/84)

A. Sheffler1D. Gross
Design and Development of a Hybrid

Composite Solar Array Substrate-SAMPE
Symposium, Reno, Nev. (4/3/84)

C.F. Shu1M.H. Chang
Integrated Thermal Distortion Analysis for
SAT Reflector Antennas-Presented at
AIAA 22nd Aerospace Sciences Meeting,
Reno, Nev. (1/9/84)

C.F. Shu I F. Chu
General Superelement Approach to a
Component Mode Synthesis Method-
Second Intl Modal Analysis Conference,
Orlando, Fla. (2/6-10/84)

C. Voorhees1G. Clark
Design Construction & Performance of an
Inertia Mass Modal Test Facility-Second
Intl Modal Analysis Conference, Orlando,
Fla. (2/6/84)

B. Wang I F. Chu1D. Gross
REANALYSIS-A User -Oriented Computer
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Program for the Reanalysis of Structural
Systems-Second Intl Modal Analysis
Conference, Orlando, Fla. (2/6-10/84)

Automated Systems

A.P. Cortizas1G.T. Ross
Signal Processing and Sensor Output for
Land Warfare Battle Control-Presented at
DARPA/SRI Workshop on Land Warfare
Battle Control, Palo Alto, Calif. (12/5/83)

Government
Communications Systems

H. Barton
Deisgn to Unit Production-Presented at
Measurement Science Conference, Long
Beach, Calif., and published in
Transactions (1/19-20/84)

O.E. Bessette1M.E. Sullivan
Operation of Jukebox Optical Disc Over a
Local Area Network-Presented at
Conference on Automation Technology in
Engineering Data Handling and
CAD/CAM, Monterey, Calif., and published
in Transactions (11/2-4/83)

J.V.Fayer1A. Kaplan
Long Range Technology Planning in a
Decentralized Organization-Presented at
IEEE '83 Engineering Management
Conference, Dayton, Ohio (11/7-9/83)

D. Hampel
Impact of VLSI on Distributed
Communications Systems-Published in
VLSI Handbook, Academic Press (1/84)

M.A. Robbins-The Collector's Book of
Fluorescent Minerals-Published by Van
Nostrand Reinhold Publishers (10/83)

J. Rola1J. Salerno (RADC)1N. Jablokow
An On -Line Real -Time Traffic Monitor-
Presented at Globcom '83, San Diego,
Calif., and published in IEEE Transactions
on Communications (11/28-12/1/83)

B. Tiger1E. Alexander
E-Com Equipment Effectiveness-
Presented at Reliability and Maintainability
Symposiium, San Francisco, Calif., and
published in Proceedings (1/24/84)

Laboratories

I. Balberg IN. Binenbaum
Computer study of the percolation
threshold in a two-dimensional anisotropic
system of conducting sticks-Physical
Review B, Vol. 28, No. 7 (10/1/83)

I. Balberg IN. Binenbaum/S. Bozowski
Anisotropic Percolation in Carbon Black-
Polyvinylchloride Composites-Solid State

Communications, Vol. 47, No. 12, pp. 989-
992 (1983)

P.J. Burt
Pyramid Structures for Image
Representation and Analysis-Presented
at NASA Ames Research Center, Palo Alto,
Calif. (2/23/84)

K.T. Chung J.H. Reisner1E.R. Campbell
Charging Phenomena in the Scanning
Electron Microscopy of Conductor -
Insulator Composites: A Tool for
Composite Structural Analysis-J. Appl.
Phys. 54(11) (11/83)

R.S. Crandall
Modeling of Thin Film Solar Cells: Uniform
Field Approximation-J. Appl. Phys. 54(12)
(12/83)

R.S. Crandall1D.E. Carlson,
A. Catalano1H.A. Weakliem
Role of Carbon in Hydrogenated
Amorphous Silicon Solar Cell
Degradation-Appl. Phys. Lett. 44(2)
(1/15/84)

G.W. Cullen1M.T. Duffy
M.S. Abrahams1C.J. Buiocchi
Heteroepitaxial Silicon Characterization:
Microstructure As Related To UV
Reflectometry-Journal of Crystal Growth
63, 205-208 (1983)

J. Dresner
Hall Effect And Hole Transport In B -Doped
a-Si:H-Journal of Non -Crystalline Solids
58, 353-357 (1983)

L. Faroane
Electrical Properties of Thermally -Grown
SiO2 Films on N+ Polysilicon-
Proceedings of the International
Conference INFOS 83, Eindhoven, The
Netherlands (4/11-13/833)

L. Faraone1F.L. Hsueh1J.G. Simmons
Electron and Hole Conduction In the
Metal/Tunnel-Oxide/N-Silicon Structure-
Proceedings of the International
Conference INFOS 83, Eindhoven, The
Netherlands (4/11-13/83)

W.C. Hittinger
What's Ahead? The Economic and
Electronics Outlook: 1984 and Beyond-
Presented at American Electronics
Association Council Dinner Meeting, New
York Hilton, New York (2/16/84)

L. Jastrzebski
SOI By CVD: Epitaxial Lateral Overgrowth
(ELO) Process-Review-Journal of Crystal
Growth 63, 493-526 (1983)

W.H. Meyer1B.J. Curtis1H.R. Brunner
Plasma Developable Positive UV-Resists-
Microelectronic Engineering 1, 29-40
(1983)

D. Raychaudhuri
Aloha With Multipacket Messages And

ARO-Type Retransmission Protocols-
Reprinted from IEEE International
Conference on Communications, Boston,
Mass. (6/19-22/83)

H.S. Sommers, Jr.
First -Order Model of the Change with
Refractive Index of the Frequency of
Semiconductor Lasers-J. Appl. Phys.
54(11) (11/83)

E.F. Steigmeier1H. Auderset
D. Baeriswyl1M. Almeida1K. Carneiro
Peierls Instability In The Organic Linear
Chain Semiconductor TEA(TCNQ)2-
Journal De Physique, Colloque C3,
supplement au n°6, Tome 44 (6/83)

J.H. Thomas III/J-S. Maa
X-ray Photoelectron Spectroscopy Study
of the Surface Chemistry of Freonoxygen
Plasma Etched Silicon-Appl. Phys. Lett.
43(9) (11/1/83)

J.W. Tuska
Multiplex Wiring with Microcomputer
Control-Presented at SAE Intl. Congress
& Exposition Conf., Detroit, Mich. (2/27/84)

L.K. White
Planarization Phenomena in Multilayer
Resi3t Processing-J. Vac. Sci. Technol. B
1(4) 235 (10-12/83)

C -H. Wu1R. Williams
Limiting Efficiencies for Multiple Energy -

Devices-J. Appl. Phys.
54(11) (1/11/84)

Missile & Surface Radar

F.J. Buckley
Software Quality Assurance and the IEEE
Standards Process-Presented at
Workshop on Product Assurance
Techniques for Embedded Computer
Systems, Naval Surface Weapons Center,
White Oak, Silver Spring, Md. (1/11/84)

W.C. Grubb, Jr.
Electro-Optics for Non -Electrical
Engineers-Presented at Pacific Missile
Test Center, Pt. Mugu, Calif. (1/17-18/84)

W.C. Grubb, Jr.1M.W. Buckley, Jr.
Solid -State Electronics for Non -Electrical
Engineers-Presented at George
Washington University, Washington, D.C.
(1/9-11/84)

A. Miklovis
AEGIS-an Overview of the Acquisition-
Presented at Philadelphia Chapter of
Society of Logistics Engineers (1/25/84)

W.T. Patton
A Planar Near -Field Antenna Test Facility
for Precision Alignment of Phased Array
Antennas-Presented at National Radio
Science Meeting, University of Colorado,
Boulder, Col. (1/11-14/84)
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Engineering News and Highlights

RCA Laboratories names Lechner Staff Vice -President

The appointment of Bernard J. Lechner as
Staff Vice -President, Advanced Video Sys-
tems Research, has been announced by

Dr. William M. Webster, Vice -President,
RCA Laboratories, in Princeton, N.J. In his
new position Mr. Lechner is responsible for
RCA Laboratories advanced video systems
research, including research on image
quality, human visual perception, digital vid-
eo signal processing and transmission, and
high -definition TV as well as research sup-
porting RCA Broadcast Systems and NBC.

A native of New Rochelle, N.Y., Mr. Lech-
ner received a B.S. degree in Electrical En-
gineering from Columbia University in 1957.
After graduation, Mr. Lechner joined RCA
Laboratories as a Member of the Technical
Staff working in research on videotape re-
corders and gigahertz computer circuits.
He was named a Group Head in 1967 and
has headed research groups working on
digitally controlled visual displays, electro-
luminescent displays, liquid crystal dis-
plays, storage displays, and other computer

Volpe named to head RCA Broadcast Systems Division

Volpe

The appointment of Joseph C. Volpe as
Division Vice -President and General Man-
ager of the RCA Broadcast Systems Divi-
sion was announced by John D. Ritten-
house, RCA Group Vice -President.

Mr. Volpe succeeds Joseph B. Howe
who has been named Staff Vice -President
and Chief Engineer on Mr. Rittenhouse's
staff.

The RCA Broadcast Systems Division,
headquartered in Gibbsboro, N.J. produces

Howe

studio and transmitting equipment
radio and television industry.

Mr. Volpe has been Division Vice -Presi-
dent, Operations, Broadcast Systems Divi-
sion, since October of last year. He joined
RCA in 1958 and served in a series of engi-
neering assignments with the Missile and
Surface Radar unit of the RCA Government
Systems Division. In 1971 Mr. Volpe be-
came System Project Manager of the
AEGIS Program, a combat weapon system

for the

peripheral equipment. In 1971, as Head of
the Community Information Systems Re-
search group, he directed pioneering work
on two-way cable TV systems and pay -TV
systems. In 1974, he became Head of the
Color Television Research group that con-
ceived and developed a number of digital
TV tuning systems including the Signallock
system used in RCA ColorTrak receivers.

Mr. Lechner was appointed Director, Vid-
eo Systems Research Laboratory, in 1977,
the position he held until his new assign-
ment.

In 1961 he received an RCA Laboratories
Outstanding Achievement Award and in
1962 was given RCA's highest technical
honor, the David Sarnoff Award for Out-
standing Technical Achievement, for his
contributions to high-speed computer cir-
cuitry. He holds seven U.S. patents and has
published a number of technical papers.

developed for U.S. Navy cruisers. Three
years later he was appointed Chief Engi-
neer of the Missile and Surface Radar activ-
ity and in 1980 became Director of Product
Operations for this group. During 1981 he
was advanced to Division Vice -President,
Broadcast Transmission Systems at the
Broadcast Division.

Mr. Volpe received his B.S. degree in
Physics from St. Joseph's College in 1952.
He resides in Tabernacle, N.J.

Prior to heading the Broadcast Systems
Division, Mr. Howe served as Division Vice -
President and General Manager of the RCA
Commercial Communications Systems Di-
vision since 1981. He was appointed Divi-
sion Vice -President and General Manager
of the RCA Government Communications
Systems operations in 1979. Mr. Howe was
Chief Engineer of this operation for four
years and previously served as Manager,
Digital Communications Engineering.

Mr. Howe joined RCA in 1951 as a co-op
student while attending college. His early
engineering career involved the design of
general purpose and special computers for
commercial and government applications.

Mr. Howe received his Bachelor's degree
in Physics from St. Joseph's College in
1954 and a Master's degree in Physics
from the University of Detroit in 1956. He
resides in Cherry Hill, N.J.

RCA Engineer  29-2  Mar./Apr. 1984 89



Karoly is named President, RCA Cylix

The election of Joseph W. Karoly as Presi-
dent of RCA Cylix Communications Net-
work, Inc. was announced by Eugene F.
Murphy, Chairman of RCA Communica-
tions, Inc. In his new position, Mr. Karoly
will be responsible for the operations of
RCA Cylix, a satellite -based, value-added
data communications company acquired
by RCA Communications in 1982. The com-
pany is headquartered in Memphis, Tenn.

Mr. Karoly has served as a director of Cylix
since its acquisition by RCA, and has been
closely involved in the corporate overview
of Cylix operations.

Since 1981, Mr. Karoly has been Vice -
President of Finance for RCA Communica-
tions. Previously, he was Group Vice -Pres-
ident of RCA Corporation with responsibility
for the operations of the RCA Service Com-
pany, the Distributor and Special Products
Division, and the Picture Tube Division.
From 1976 to 1979, Mr. Karoly was Presi-
dent of the RCA Service Company, one of
the world's largest technical services or-
ganizations. Mr. Karoly joined RCA in 1950
as a budget analyst with the Electron Tube
Division and subsequently held various
managerial positions in finance, planning
and operations in the RCA Solid State Divi-
sion and the RCA Service Company.

Mr. Karoly succeeds Ralph R. Johnson,
who will assume the new position of Senior
Vice -President, RCA Cylix. Mr. Johnson will
be responsible for developing and main-
taining relationships with major customers,
as well as participating in the development
of new areas of market growth for RCA
Cylix.

Staff announcements

Group VP

John D. Rittenhouse, Group Vice President,
announces the following appointments:
Donald M. Cook, President, RCA Service
Company; Joseph C. Volpe, Division Vice -
President and General Manager, Broadcast
Systems Division; Joseph B. Howe, Staff
Vice -President and Chief Engineer; and
George D. Prestwich, Staff Vice -President,
Planning and Development.

RCA Communications

Joseph W. Karoly, President and Chief Op-
erating Officer, RCA Cylix Communications
Network, Inc., announces the organization
of RCA Cylix Communications Network,
Inc., as follows: R. Ronald Burgess, Direc-
tor, Employee Relations; Bryan M. Eagle,
Vice -President, Finance and Administra-
tion; Ralph R. Johnson, Senior Vice -Presi-
dent; James L. Magruder, Vice -President,
Operations; Michael D. Mancusi, Vice -
President, Engineering and Development;
Richard A. Simmons, Assistant Vice -Presi-
dent, Quality Assurance; and Ronald L.
Young, Vice -President, Marketing.

Consumer Electronics

Leonard J. Schneider, Division Vice -Presi-
dent, Operations, announces the appoint-
ment of Larry A. Cochran as Director, Moni-
tor Operations.

Bennie L. Borman, Division Vice -President,
Manufacturing, announces the appointment
of Gerald C. Kuckler as Director, Manufac-
turing Engineering and Technology.

Gerald C. Kuckler, Director, Manufacturing
Engineering and Technology, announces
his organization as follows: Larry J. Byers,
Manager, Test Technology; John J. Drake,
VideoDisc Player Manufacturing Technol-
ogy; John A. Gross, Manager, Manufactur-
ing Planning and Services; Horst E. Haslau,
Manager, Equipment Development; and
Larry A. Olson, Manager, Manufacturing
Technology Center.

James E. Carnes, Division Vice -President,
Engineering, announces the appointment
of Robert P. Parker as Director, Signal
Systems.

Robert P. Parker, Director, Signal Systems,
announces his organization as follows:

James Hettiger, Manager, RF Systems; Wil-
liam A. Lagoni, Manager, Signal Process-
ing; John F. Teskey, Manager, Digital Tun-
ing Systems; and Robert P. Parker, Acting
Manager, Advanced Tuner Development.

Robert C. Arnett, Plant Manager, Blooming-
ton, announces that the VideoDisc Player
Manufacturing Operations organization is
transferred to the Staff of the Plant Man-
ager, Bloomington. The VideoDisc Player
Manufacturing Operations organization will
continue as follows: Gilbert L. Apple, Man-
ager, Manufacturing Engineering; Frank P.
Hallagan, Manager, Financial Operations -
VideoDisc Player; Roger D. Peterman,
Manager, Quality Control; and Robert D.
Veit, Manager, Manufacturing.

Gary A. Gerhold, Plant Manager, Indianap-
olis Components Plant, announces the ap-
pointment of James R. Arvin as Manager,
Quality Control.

Robert R. Beasley, Manager, Plant Engi-
neering, announces the appointment of
Donald R. Stapert as Manager, Engineering
and Services.

Eugene E. Janson, Manager, Product Safe-
ty and Reliability, announces the appoint-
ment of Larry M. Sukey as Manager, Reli-
ability Engineering.

Gary
olis Components Plant, announces the ap-
pointment of James R. Arvin as Manager
Quality Control.

David R. Crawford, General Manager, RCA
Componentes-S.A. de C.V., announces the
appointment of Hector Barrio as Manager,
Manufacturing Engineering.

Government Systems
Division

James B. Feller, Division Vice -President,
Engineering, announces the appointment
of John M. Herman as Division Vice -Presi-
dent, Solid State Technology Center.

Laboratories

Robert D. Lohman, Staff Vice -President,
Solid State Research, announces the ap-
pointment of Israel H. Kalish as Head, VLSI
Process and Device Research.

Robert D. Lohman, Staff Vice -President,
Solid State Research, announces his or-
ganization as follows: Norman Goldsmith,
Head, IC Research Center; Gary W.
Hughes, Head, CCD Imagers and Systems
Research; Walter F. Kosonocky, Fellow,
Technical Staff; Israel H. Kalish, Head, VLSI
Process and Device Research; Walter J.
Merz, Director, Research, Laboratories
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RCA, Ltd. (Zurich); Louis S. Napoli, Head,
VLSI Design Research; Andrew G. F. Ding-
wall, Fellow, Technical Staff; Charles J.
Nuese, Head, Advanced Technology Re-
search; John P. Russell, Staff Scientist;
David E. O'Connor, Senior Project Manag-
er; George L. Schnable, Head, Device
Physics and Reliability Research; Richard
Denning, Staff Engineer; and Jacques I.
Pankove, Fellow, Technical Staff. Messrs.
Goldsmith, Hughes, Kalish, Merz, Napoli,
Nuese, O'Connor and Schnable will report
to the Staff Vice -President, Solid State
Research.

Brown F Williams, Staff Vice -President,
Display and Optical Systems Research, an-
nounces the appointment of Arthur H. Fire-
ster as Director, Advanced Displays Re-
search Laboratory.

Brown F Williams, Staff Vice -President,
Display and Optical Systems Research, an-
nounces the organization of Display and
Optical Systems Research as follows: Car-
men A. Catanese, Director, Picture Tube
Systems Research Laboratory; Arthur H.
Firester, Director, Advanced Displays Re-
search Laboratory; and Bernard Hershe-
nov, Director, Optical Systems and Display
Materials Research Laboratory.

James L. Miller, Staff Vice -President, Man-
ufacturing and Materials Research, an-
nounces the appointment of Harry Weis-
berg as Senior Staff Scientist.

James L. Miller, Staff Vice -President, Man-
ufacturing and Materials Research, an-
nounces his organization as follows: Harry
Weisberg, Senior Staff Scientist; Istvan
Gorog, Director, Manufacturing Technol-
ogy Research Laboratory; Marvin A. Lee-
dom, Director, Manufacturing Systems Re-
search Laboratory; and David Richman, Di-
rector, Materials and Processing Research
Laboratory.

Istvan Gorog, Director, Manufacturing
Technology Research Laboratory, announ-
ces the appointment of Philip M. Heyman
as Head, Advanced Technology Research.

David Richman, Director, Materials and
Processing Research Laboratory, announ-
ces the appointment of Aaron W. Levine as
Head, Organic Materials and Lithography
Research.

David Richman, Director, Materials and
Processing Research Laboratory, anoun-
ces the appointment of Dennis L. Matthies
as Head, Materials Applied Research.

David Richman, Director, Materials and
Processing Research Laboratory, announ-
ces his organization as follows: Glenn W.
Cullen, Head, Materials Synthesis Re-
search; Leonard P. Fox, Head, Materials

and Process Engineering Research; Wil-
liam L. Harrington, Head, Materials Charac-
terization Research; Richard E. Honig, Staff
Scientist; Aaron W. Levine, Head, Organic
Materials and Lithography Research; Den-
nis L. Matthies, Head, Materials Applied Re-
search; Chih Chun Wang, Fellow, Techni-
cal Staff; and Robert J. Ryan, Head, Poly-
mer Processing Research. Messrs. Cullen,
Fox, Harrington, Honig, Levine, Matthies
and Ryan will report to the Director, Mate-
rials and Processing Research Laboratory.

Fred Sterzer, Director, Microwave Technol-
ogy Center, announces the appointment of
Herbert J. Wolkstein as Head, Space and
Countermeasure Programs.

Fred Sterzer, Director, Microwave Technol-
ogy Center, announces his organization as
follows: Erwin F. Belohoubek, Head, Micro-
wave Circuit Technology; S. Yegan Naray-
an, Head, Microwave Device Technology;
Markus Nowogrodzki, Head, Subsystems
and Special Projects; Barry S. Perlman,
Manager, Design and Test Automation; and
Herbert J. Wolkstein, Head, Space and
Countermeasure Programs.

Charles B. Carroll, Head, Electromechani-
cal Systems Research, announces the ap-
pointment of Albert F. Dietrich as Manager,
Model Shop.

NBC

Steven Bonica has been appointed Vice -
President Engineering, NBC Operations
and Technical Services, New York, and
Theodore Bruss, Jr. is Director Broadcast
Systems Engineering.

Solid State Division

The Solid State Division organization has
been announced as follows: Herbert V.
Criscito, Division Vice -President, Market-
ing; Peter A. Friederich, Division Vice -
President, Industrial Relations; Larry J. Gal -
lace, Director, Product Assurance; Donald
W. Gangaware, Director, Strategic Planning
and Services; Walter J. Glowczynski, Divi-
sion Vice -President, Finance; Robert P.
Jones, Director, Power Operations; Hesh-
mat Khajezadeh, Division Vice -President,
Standard Integrated Circuit Products; and
Jan A. Shroyer, Division Vice -President,
LSI Products and Technology Develop-
ment.

Stephen C. Ahrens, Director, Engineering -
Standard Integrated Circuits Products an-
nounces the organization of Standard Inte-
grated Circuits Engineering as follows:
Charles Engelberg, Manager, Test Engi-
neering; Jack L. Jones, Supervisor, Assem-
bly and Test Support; Thomas J. McGrath,

Section Manager, Test Engineering - In-
dustrial; Peter K. Neumann, Section Man-
ager, Test Engineering - Consumer; Merle
V. Hoover, Manager, Engineering - Com-
puter, Telecommunication & Industrial
Products; Mandel Glincman, Section Man-
ager, Industrial Product Engineering; Otto
H. Schade, Jr., Principal Member Technical
Staff - Analog CMOS Advanced Develop-
ment; Joseph F. Siwinski, Section Manager,
Telecommunication Product Engineering;
Victor Zazzu, Section Manager, Design En-
gineering; Lewis A. Jacobus, Jr., Manager,
Engineering - Logic Products; Kenneth W.
Brizel, Section Manager, Design Engineer-
ing; Brian J. Petryna, Section Manager,
Product Engineering; Sterling H. Middings,
Section Manager, Layout Services; Bruno J.
Walmsley, Manager, Engineering - Auto-
motive and Consumer Products; Thomas H.
Campbell, Section Manager, Product Engi-
neering - TV; Max E. Malchow, Section
Manager, Design Engineering - Automo-
tive; Maurice W. Sloane, Section Manager,
Product Engineering - Automotive; and Ber-
nard J. Yorkanis, Section Manager, Design
Engineering - TV. Messrs. Engelberg, Hoo-
ver, Jacobus, Middings and Walmsley will
report to the undersigned.

Gerald S. Worchel, Manager, Wafer Fabri-
cation, announces his organization as fol-
lows: Michael A. Caravaggio, Manager,
Production Maintenance; William B. Hall,

Manager, Process Engineering; Thomas J.
Lally, Superintendent, Manufacturing - 1st
Shift; Charles J. McCarthy, Superintendent,
Manufacturing - 3rd Shift; Roy P. Petersen,
Superintendent, Manufacturing - 2nd Shift;
and Patricia A. Roman, Manager, Technical
Training and Engineering Projects.

William B. Hall, Manager, Process Engineer-
ing, announces his organization as fol-
lows: Joseph T. Gershey, Leader, Techni-
cal Staff, Passivation/Photoresist; Vincent
S. Osadchy, Leader, Technical Staff, Diffu-
sion/Implant; Daniel J. Smith, Leader,
Technical Staff, Epi / Metals; and Albert A.
Todd, Leader, Technical Staff, Yield Analy-
sis/Technical Projects.

VideoDisc Division

Jay J. Brandinger, Division Vice -President,
Disc Operations, announces his organiza-
tion as follows: Harry Anderson, Division
Vice -President, Manufacturing and Engi-
neering; Paul I. Anderson, Division Vice -
President, Marketing; F. Donald Kell, Direc-
tor, Systems; Edward B. Knorr, Director,
Finance; and Robert C. McHenry, Director,
Employee Relations, Rockville Road. Mr.
McHenry will continue to report administra-
tively to the Division Vice -President, Em-
ployee Relations, Consumer Electronics Di-
vision, and functionally to the Division Vice -
President, Disc Operations.
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Harry Anderson, Division Vice -President,
Manufacturing and Engineering, announ-
ces his organization as follows: James W.
Critzer, Director, Materials; Robert K. Fel-

ter, Director, Manufacturing; David F.

Hakala, Manager, Process and Material
Development Engineering; Henry D. Olson,
Manager, Plant Engineering and Manufac-

turing Engineering; John J. Prusak, Man-
ager, Process and Equipment Development
Engineering; and Danne E. Smith, Manager,
Product Assurance and Evaluation.

Professional activities

Philadelphia chapter of the Adelson receives Optical
IEEE honors RCA employees Society's Lomb Medal
Dr. James Vollmer of RCA received a "Cen-
tennial Medal" from the Institute of Electri-
cal and Electronics Engineers (IEEE) for
exceptional service to the profession. Dr.
Vollmer, a Senior Vice -President of RCA,
was one of 1,984 outstanding individuals in
the U.S. chosen to receive the award, which
commemorates the 100th anniversary of
the IEEE. Dr. Vollmer and 12 other members
of the Philadelphia chapter of the IEEE re-
ceived the Centennial Medal and Certificate
during an awards dinner at the Union
League in Philadelphia on February 4.

As a Senior Vice -President for Technical
Evaluation and Planning, Dr. Vollmer's re-
sponsibilities include evaluating competing
technologies and establishing strategic
technological approaches for all of RCA's
businesses. He is also RCA's primary inter-
face with America's aerospace and defense
agencies. Dr. Vollmer joined RCA in 1959
as a physicist in an applied research facility
in Camden, N.J., and thereafter served in
progressively more responsible executive
positions at RCA.

During the February 4 dinner, the Phila-
delphia chapter of the IEEE also honored
three other RCA employees. Merrill F.
Buckley, Jr., Administrator of Planning
Measurement for RCA's Missile and Sur-
face Radar business unit in Moorestown,
N.J. received the Philadelphia section's top
award for his service as Vice -President of
the IEEE's regional activities. In that capac-
ity, Mr. Buckley, a 30 -year RCA employee,
coordinates the activities of the 10 IEEE
regions, which include some 230,000 mem-
bers worldwide.

The Philadelphia chapter also presented
special awards to Kent Ringo and Barry
Fell of RCA Missile and Surface Radar.
Both engineers have been cited for "revital-
izing" the chapter's educational program
by organizing a highly successful seminar
in adaptive signal processing.

Luddy of RCA Broadcast
Systems selected for IEEE
"Centennial Medal"
E. Noel Luddy, Manager of Consultant
Relations for RCA's Broadcast Systems Di-
vision, has been selected to receive a "Cen-

Edward H. Adelson, Picture Tube Systems
Research Laboratory, has been designated
the recipient of the 1984 Adolph Lomb
Medal of the Optical Society of America.
The medal is presented biennially to a per-
son who has made a noteworthy contribu-
tion to optics before reaching the age of 30.
Mr. Adelson is being cited for contributions
to understanding in three different areas of
physiological and visual optics, namely:
temporal responses of the human visual
system, color vision, and artificial vision.

tennial Medal" from the Institute of Electri-
cal and Electronics Engineers (IEEE). Mr.
Luddy will be cited for his contributions to
the Institute and the electrical engineering
profession as part of the organization's
100th anniversary.

Mr. Luddy was nominated for the award
by the Broadcast Technology Society of the
IEEE. Mr. Luddy joined RCA in 1951 and
held various positions in engineering and
product management for broadcast trans-
mitters and antennas until 1967, when he
assumed his present position. As Manager
of Consultant Relations, Mr. Luddy repre-
sents RCA to broadcasting consultants and
federal regulatory agencies.

Laboratories scientists
active in societies

Richard J. Klensch was elected Vice -
President of the Princeton Chapter of Sig-

ma Xi in July 1983. He will automatically
become Chapter President on July 1, 1984.
Moreover, late in 1983, a new society was
formed, the Communications and Consum-
er Electronics Society, which is part of the
Princeton Section of IEEE. Mr. Klensch is
Chairman of this new society and Dr. Chan-
drakan B. Patel, also of the Laboratories, is
Vice -Chairman.

MSR engineers'
reception held

The 117 authors, inventors, and degree
recipients during 1983 at Moorestown's
Missile and Surface Radar were listed in
the booklet shown and honored at a re-
ception. Bernie Matulis, Chief Engineer,
extended his congratulations, saying that
"1983 was without question our biggest
year since we've been keeping records
of papers presented and published, pat-
ents granted, and degrees awarded."

Burmeister chairs session

Mark H. Burmeister, Director, PRICE Sys-
tems, RCA GSD, chaired a session at the
American Defense Preparedness Associa-
tion "Seminar on the Cost Estimating Pro-
cess" in Arlington, Virginia, on February 7-
8 1984. His session was on the subject of
life cycle cost, and included four papers
and a panel discussion.
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Hughes named Video
Component and Display
Division Fellow

1

Richard H. Hughes has been named a Divi-
sion Fellow on the technical staff at VCDD.
The new designation is for persons who
have made technical contributions that
have had a major impact on RCA's busi-
ness. Hughes has been a leader in the de-
velopment of electron guns for picture
tubes. He is the first Senior Member Tech-
nical Staff to attain the "Dual Career Techni-
cal Path" recognition of his outstanding
technical contributions. Hughes is a 1939
graduate of the University of Kentucky. He
retired from RCA in February after forty
years of service.

Bartolini named Fellow by
engineering society

Dr. Robert A. Bartolini, Head, Optical Sys-
tems, at RCA Laboratories in Princeton, N.J.,
has been elected a Fellow of the Institute
of Electrical and Electronics Engineers
(IEEE). Dr. Bartolini was honored "for con-
tributions to the development of optical re-
cording media and systems." He is one of
132 Fellows elected in 1983 from among
the IEEE's worldwide membership of over
250,000.

A native of Waterbury, Conn., Dr. Barto-
lini received a B.S. degree in 1964 from Vil-
lanova University, an M.S. degree in 1966
from Case Western Reserve University, and

a Ph.D. degree in 1972 from the University
of Pennsylvania, all in Electrical Engi-
neering.

Dr. Bartolini, who joined RCA Laborato-
ries as a Member of the Technical Staff in
1966, was appointed to his present posi-
tion in 1983. He has received three RCA
Laboratories Outstanding Achievement
Awards for research contributions in devel-
oping techniques for plating masters and
replicating vinyl holographic tapes, for initia-
tive in the analysis and evaluation of opti-
cal recording materials, and for develop-
ment of a high -density optical information
storage system employing an injection laser.

RCA Astro-Electronics
engineer earns advanced
degree

Martin Meder, Materials Reliability Engi-
neering, has been awarded the degree of
Master of Science from Rutgers University.
Mr. Meder's advanced studies were funded
by the RCA Graduate Study Program. Em-
ployees selected for this program are recip-
ients of tuition and book funding, and sala-
ried study time to pursue an employment -
related advanced degree. Mr. Meder
achieved scholastic excellence by compil-
ing a 3.7 grade average while majoring in
Mechanics and Materials Science and is
the tenth Astro employee to graduate
through this program.

Technical excellence

Fourth-quarter 1983 Missile and Surface Radar technical
excellence award winners announced

Fuhr Gross

Timothy D. Fuhr-for establishing unprece-
dented new accuracy standards for near -
field antenna test systems. His efforts in
verification of the laser measurement sub-
systems of ANFAST II were directed toward
an accuracy requirement of 0.007 -inch rms,
2.5 times better than previously achieved in

Seppanen Talbot

any near -field systems. His efforts resulted
in measured accuracy of 0.0034 -inch rms,
further enhancing RCA's leadership role in
near -field technology.

Samuel D. Gross-for major advances in
radar -detection performance -assessment

techniques through simulation of target and
background signal processing for ad-
vanced radars. His interactive simulation
program assesses detection performance
for extremely low cross-section targets in
the presence of a broad spectrum of clutter
and interference. This program represents
a major advance over current tools and will
be a key factor in developing competitive
tactical radar designs in the future.

Henry R. Seppanen-for major contribu-
tions to the FAA's proposal evaluation
processes through introduction of systems
engineering disciplines to the Air Traffic
Control Advanced Automation System de-
sign competition. His personal develop-
ment of systematic technical evaluation cri-
teria and scoring standards, combined with
his comprehensive briefings of the techni-
cal evaluation team, provided the FAA with
a consistent and systematic approach to
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technical proposal evaluation and further
solidified RCA's position for follow-on work.

William H. Talbot-for development of a
major new interface simulator for the EDM-
4 radar control computer. Using advanced
software design techniques, the program
simulates the operation of the new AN/
SPY -1B signal processor at real-time
speeds and is being used extensively to
support development and testing of the AN/
SPY -1B tactical software. The performance
and availability of Dr. Talbot's simulator
have provided significant support to overall
EDM-4 system development.

Astro-Electronics engineering
excellence award to Goodzeit

The Astro-Electronics Engineering Excel-
lence Committee is pleased to announce
that the Engineering Excellence Award is
presented to Neil E. Goodzeit for his inno-
vative and expeditious design of the north/
south stationkeeping logic for the RCA Sat-
com H satellite.

Based upon an extensive analysis of
flight data from previous Satcom satellites,
Neil determined that the interaction be-
tween the satellite's flexible solar arrays
and the N/S stationkeeping control logic
would require a modification to the current
control system. Consequently, Neil devel-
oped a significantly improved digital filter to
prevent the Satcom H control system from
responding to and reinforcing the structural
oscillations associated with the solar ar-
rays. This improved filter design and two
sets of filter parameters were provided to
the Flight Software Group less than two
weeks after the start of the analysis and de-
sign effort. The modified design fit the avail-
able ROM space and met the timing con-
straints of the existing Satcom H micro-
processor.

After delivery of his design requirements
to the Flight Software Group, Neil continued
to refine his analysis. He incorporated im-
proved structural models as they became
available and he performed an exhaustive
series of frequency -domain analyses and
digital computer simulations to confirm the
viability of his design modifications. In addi-
tion to his analytical work, he supported
several meetings with RCA Americom. At
these meetings, his clear answers to tech-
nical questions helped the customer gain

Astro-Electronics engineering recognition team award

Astro engineering recognition team award. From left to right. Douglas Mathai,
Robert L. Cluna, Susan P. Gregg, and William D. Clark.

The Engineering Recognition Team Award
is presented to William D. Clark, Robert L
Cluna, Susan P. Gregg, and Douglas J. Ma-
thai for their outstanding and dedicated
contributions to the design and implemen-
tation of the TIROS ATNAGE test software
for the Earth Radiation Budget Experiment
(ERBE) and the Solar Backscatter Ultra-
violet Radiometer (SBUV) instruments.

The test software and instrument devel-
opment proceeded concurrently. This pre-
sented significant engineering challenges

that included the creation of instrument
simulators for verifying test software design
and a design flexibility requirement to allow
for software modification as the instrument
designs matured. The cooperative efforts of
these team members resulted in project
completion on schedule and within budget.
The product quality and excellent coopera-
tion afforded the customer contributed to
NASA's award of a more significant soft-
ware contract to Astro.

insight into the control system modifica-
tions that were being implemented, and into
the analyses that supported the design
changes.

Neil's improved digital filter and the
speed with which it was developed and im-
plemented were instrumental in enabling
Satcom H to be launched as scheduled.
Subsequent Satcom H flight data indicates
that Neil's modified N/S stationkeeping
control system is meeting all performance
specifications.

Astro-Electronics engineering
recognition award to Homco

The Engineering Excellence Committee is
pleased to announce an Engineering Rec-
ognition Award to David J. Homco for lead-
ership and personal dedication in the Plan-

ning , Execution, and Evaluation phases of
the DMSP F6 early orbit.

Dave's primary responsibility was the
planning, writing, and coordination of the
F6 Early Orbit Detailed Test Plan (DTP). Al-
though DMSP has used DTPs in previous
launches, the DTP for the F6 launch pre-
sented two major challenges: F6 was the
first flight of the new "D2" series and, for
this new series, the Omaha Command and
Control Ground System had been com-
pletely redesigned. Both of these factors
added greatly to the complexity of the DTP
generation.

In addition to his DTP responsibilities,
Dave assumed a leadership role, in con-
junction with his Air Force counterpart, in
developing and critiquing the numerous
plans, documents, and software listings re-
quired for the Air Force DMSP operations
in Omaha. In the process of reviewing the
ground system products needed for the
early orbit operations, Dave was able to
provide constructive criticism to the Air
Force and their contractors that led to the
isolation and definition of several of the
problems plaguing the new D2 ground sys-
tem. His selfless and constructive attitude
contributed significantly to a team environ-
ment in resolving these problems. He is
recognized by his peers as an outstanding
contributor to the DMSP efforts and has
been singled out in Air Force program of-
fice commendations to Astro.
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Consumer Electronics third-quarter
1983 technical excellence awards

Dasgupta Fitzgerald
a

Dr. James Carnes announced the third-
quarter 1983 technical excellence award
recipients at Consumer Electronics, Indian-
apolis, Indiana. Each award recipient re-
ceives an appropriately engraved plaque
and a reference book of their choice.

Basab Dasgupta-for the development of a
better theoretical understanding of yoke pa-
rameters. The mathematical basis of yoke
phenomena has advanced the state of the
art of CE yoke design.

William V. Fitzgerald-for superior motiva-
tion, innovation and practical application of

Monet Shutts

theory in the design and development of a
chopper power supply for the CTC131
chassis.

Robert A. Monat-for leadership and tech-
nical contributions to Consumer Electron-
ics' printed circuit board CAD/CAM pro-
gram.

Bruce W. Shutts-for the novel combina-
tion of digital -television theory and mi-
crocomputer technology in producing a
unique and valuable keyboard -control
system for the developmental CTC141 digi-
tal receivers.

Palm Beach Gardens 1983 fourth-quarter
technical excellence award
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The 1983 fourth-quarter technical excellence award at RCA Solid State Division,
Palm Beach Gardens was presented to Wes Morris. Shown, left to right, are Rob
Kleppinger, Chairman of the PBG Technical Excellence Committee; Wes Morris;
and Thomas Stavish, PBG Plant Manager.

Wesley H. Morris, a Process Engineer with
RCA Solid State Division at Palm Beach
Gardens, Florida, was a key member of the
team that contributed to the technology for

fabrication of radiation -hardened CMOS/
SOS integrated circuits. He is honored for
successful transfer of SOS low -tempera-
ture rad-hard processes from the Somer-

Wierschke receives
VideoDisc Division
technical excellence award

Donald J. Wierschke has been awarded
the RCA VideoDisc Division technical excel-
lence award for his contributions to im-
proved plating processes used in the manu-
facture of VideoDisc metal parts. These con-
tributions have directly impacted the cost
and quality of VideoDiscs and VideoDisc
styli. Some of his specific contributions in-
clude:

 The development of the currently em-
ployed high -purity nickel anode material,
used in all production nickel plating tanks,
which has improved disc surface quality.

 The reduction of lapping disc defects
through the implementation of a new ten-
sion treatment bath and ultrasonic agita-
tion to replace the deionized water rinse,
which has improved stylus quality.

 The characterization of the specific na-
ture of substrate defects, which has
given direction to current corrective -ac-
tion programs.

Don has demonstrated technical excellence
by his ability to work effectively as a mem-
ber of the technical community and by his
significant accomplishments in improving
the quality of VideoDiscs and styli.

Olsen and Sunshine give
technical excellence lectures

In January, Perry Olsen and Dick Sunshine
of Consumer Electronics teamed up to give
two half-hour lectures on their organiza-
tions and the various projects on which
their groups work. Olsen spoke on Project
Engineering and Sunshine spoke on Me-
chanical Design Engineering. These lec-
tures are part of a series of lectures aimed
at familiarizing new engineers with the vari-
ous organizations within the RCA CE com-
munity.

ville Solid State Technology Center to Palm
Beach Gardens Manufacturing. He is also
recognized for introducing several innova-
tive process improvements that dramatical-
ly reduced device leakage and substantially
improved radiation resistance, resulting in
RCA rad hard devices without equal in the
marketplace.
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MSR honors 1983 technical excellence award winners

Seated (left to right): M.M. Jankowski, Chief Engineer B.J. Matulis, J.D. Fanelle,
MSR Vice -President and General Manager W.V. Goodwin, S.D. Gross, J.E. Judd.
Standing (left to right): A.J. Link, C. DiMaria, D.L. Matthews, R.D. Clark, A. Cohen,
C. W. Laible, J. Drenik, E.J. Kent, N. DeGrandmaison, R. Smargiassi, H.R. Sep-
panen, T.D. Fuhr, D.E. Maron, and L.R. Miamidian. Absent; W.H. Talbot and G.
Nesbit.

John D. Fanelle received the annual
Missile and Surface Radar technical ex-
cellence award, in a special ceremony,
from B.J. Matulis, Chief Engineer, and
W.V. Goodwin, Division Vice -President
and General Manager.
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