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Manufacturing technology—
getting back to the top

The once highly regarded manufacturing technology and productivity of the United States
is now being seriously challenged and threatened by competitors world-wide. This is clearly
evidenced by the strong international competition for our own domestic markets as well as
our weakening position in marketplaces overseas. This situation demands our manufac-
turing organizations to significantly increase overall productivity—now.

This urgent need does not call for a manufacturing revolution but rather for an evolution, a
.48Bange in tempo, resulting in an ever increasing rate ofimprovement in our productivity; we
" must do more—faster. We can improve our productivity substantially orly by developing

and effectively applying new technology to our manufacturing systems. We need to

increase our investment, therefore, not only in new and improved manufacturing facilities,
but also, and perhaps more importantly, in the development of new manufacturing
technology.

Not only must we develop new technologies, we must also fully use the ones currently
available to us. Two that come instantly to mind are robotics and computertechnology. Both
are available now, but the use of computers and computer technology in our manufacturing
systems, for example, is justin itsinfancy, especially when compared with the very extensive
use of computers in the traditional data-processing functions of our businesses. Unlimited
opportunities (and great challenges) lie in applying computer technology to all aspects of
manufacturing: process monitoring and control, operating and contrelling production
equipment, data collecticn and analysis, product evaluation and troubleshooting, to namea
few. Computer technology may well provide the near-term vehicle we need to optimize our
current processes and operations, helping us increase our rates of imgrovement in our
overall manufacturing productivity.

RCA is now augmenting its overall capability in manufacturing, not only by expanding its
funding for mechanizing and automating our production facilities, but also through
expanding and strengthening the manufacturing-technology groups in the product
divisions and at RCA Laboratories. This effort has made today a stimulating, rewarding, and
exciting time in RCA’s manufacturing arenas.

The need for change and improvement in RCA's and the country's manufacturing
technology is real and clear. We must significantly improve our productivity to meet world-
wide competition and once again assume a position of leadership in the world.

Y tod

Harry Anderson

Division VP, Manufacturing Operations
Consumer Electronics Division
Indianapolis, Ind.
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lon implantation—
physics laboratory to factory floor

C.W. Mueller

Today's widespread use of ion implanta-
tion in semiconductor manufacturing is an
example of a complex developmental
process that started as pure physics in the
particle accelerator laboratories. Over a
period of many years, the process has been
developed to the point where practically all
integrated circuits are now made with one
or more ion-implantation steps. RCA now
has 11 ion-implant machines at the six of its

Researchers often assume that a process that works well in
the laboratory will automatically work well in the factory. It's

not that easy at all.

locations concerned with semiconductor
processing. Since these machines are ex-
pensive, costing from $125,000 to $400,000
apiece, it is obvious that their use in all
these locations was technically and
economically advantageous or they would
not have been installed.

A great deal of research and development
work was necessary in the late 1960s and

“Here it is, it works fine! Now you solve the engineering details and don't
bother me with your production problems.”

the early 1970s before the ionimplantation
process moved from the nuclear physics
laboratories to the production floor. This
paper briefly mentions some of the early
history of the ion implantation process, :
discusses the work necessary to transfer
this new and different technology to the
production floor, and presents an example
showing its economic and technical
benefits.

Early research history

Research on ion implantation, or “radia-
tion damage” as it was originally called,
began in the 1940s in the physics
laboratories of universities and special
government laboratories. The early
research used particle accelerators tostudy
the penetration and interaction of the
accelerated ions with metals that might be
used for nuclear reactors. No research on
semiconductors was done for many years.
In the 1960s, though, the possibilities of
using ion implantation for electron devices
became more promising, and research
work on semiconductors was started in
laboratories. '

Early conferences on the subject mainly
discussed the physics of ion implantation,
but in October 1971 at the IEEE Electron
Devices Meeting at Washington, impor-
tant papers showed laboratory results of
the promise of ion implantation in devices.
However, there is a great deal of difference
between demonstrating a principle in the
laboratory and using the process routinely
on the production floor, especially a com-
pletely new technique that requires ex-
pensive high-voltage equipment. The
following section discusses the important

Reprint RE-24-4-15
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factors that are necessary to put a good
idea into economical industrial use.

Factors in
commercial development

The existence of a true industrial manufac-
turing need can greatly change the speed of
introducing a new process.

With regard to the general field of ion
implantation, need is an interesting factor
that played an important part in the
development of industrial applications.
The extreme accuracy and uniformity of
ion implantation was not originally ex-
tolled as an attribute; in fact, it was hardly
mentioned by ion implantor sales engineers
in the late 1960s. One reason for this was
that the semiconductor industry did not
need high accuracy for manufacturing the
bipolar transistors in use at these early
dates. Also, allowable limits of electrical
device characteristics tend to be set to a
large extent by the results achievable in the
factory.

In the mid-1960s the MOS unipolar or
field-effect transistor was just being
developed and its future as a product line
was still uncertain. Also at this time,
commercial ion implantation was develop-
ing very slowly; the widespread com-
mercial use of this technique was not at all
certain as well. However, the semiconduc-
tor industry is a very dynamic one, the
competition is intense, and the sophistica-
tion of the technology advances very rapid-
ly. Therefore, when the MOS transistor
began to assert its position as a very
convenient building block for integrated
circuits, MOS manufacturing methods
rose in importance. Control of MOS
threshold voltages, an important
characteristic, places severe requirements
on controlling the concentration of the
doping elements added to the silicon. This
was a made-to-order application for ion
implantation—a need for high accuracy
when inserting a very small number of
doping ions.

Before factory use of an innovation can be
adopted, a cost-effective machine is
necessary.

Complicated new machines such as ion-
implantors are usually built by specialized
concerns for the members of the semicon-
ductor industry. The early ion implant
machines were assembled by physicists
from purchased parts when available, such
as vacuum pumps and vacuum line connec-

Why use ion implantation?

Doping, the process of inserting an exact number of impurity atoms into a
silicon wafer, may occur several times during the manufacture of an
integrated circuit. The impurities, typically beron, arsenic, or antimony,
must be tightly limited to one atomic species. In certain applications, such
as CMOS integrated circuits, control of one part of 10° is necessary. This
level of accuracy is extremely difficult to maintain continuously from day to
day with the older chemical-vapor or liquid methods.

lon implantation offers an ideal solution to these accuracy and purity
problems. It works by bombarding the surface of the wafer with a beam of
impurity ions. Absolute purity of the beam is assured because magnetic
separation selects only a single atomic species for the implantation beam.
Control of the number of ions inserted is also very tight. Continuous
electrical measurements determine the cumulative number of atoms
implanted during the processing and when the dialed-in number is reached,
the ion beam shuts off. This process is very cost-effective because the usual
time-consuming probe measurements of control wafers are not necessary.
Uniform deposition is assured because the ion beam sweeps continuously
over the wafer surface.

Consequently, ion implantation gives greater accuracy (fewer rejected
integrated circuits) and is less expensive because direct labor charges are
reduced. However, as the accompanying article indicates, these advantages
did not make its acceptance automatic.

tors. The remainder of the equipment was

Before

1970 1 heard several different

designed and built to order in the
laboratory shops. Needless to say,
physicists and engineers of necessity spent
a great deal of time maintaining these ion
implantors. Continuous operation for
many shifts was unthinkable because no
production supervisor would have allowed
these machines on a transistor production
floor.

The demand for scientific accelerators
interested some specialized companies in
supplying parts and then actually assem-
bling complete machines for sale. Some
companies who were building high-voltage
electron accelerators became interested
and designed machines for sale in the
period 1965 to 1970, but no semiconductor
manufacturers were interested in buying or
using the ion implant machines. Why?

accelerator-company engineers describe
their machines and the characteristics of
the ion-implanted transistors they had
made. Unfortunately, these transistors,
which were always bipolar devices, never
offered any new or better electrical
characteristics than commercially
availabie devices. Infact, the devices usual-
ly were one to two years behind the results
that could be obtained with the best state-
of-the-art bipolar technology. The ion
implantors were cumbersome and slow;
consequently, the process was expensive.
The implantation machines represented
dangers to personnel from X-ray radiation
and high voltage. They required large
amounts of floor space and frequently
broke down. Under these conditions,
device research or development engineers
would not even try to sell their

Very frequently the factory engineer in charge of production
does not have the time to understand a radical new tech-
nique; he would rather struggle and try to improve a familiar

process.




managements the idea that research on
device-oriented, ion-implantation ex-
periments could possibly be worthwhile.
So, in the early years the ion implantors
were not ready for the factory floor and the
factories had no pressing need for them.

Since the actual sales of ion implantors on
a reasonable scale was not developing and
future possibilities were hard to predict,
some of the companies that had originally
developed ion implantation machines gave
them up. Fortunately, some of their
engineers organized other small companies
that continued development and, begin-
ning about 1970, implant machines were
sold to laboratories and development
groups that applied them solely to ion
implantation in silicon. A few companies
put ion implantors on small production
lines for MOS transistors where, at that
time, they fitted economically.

Development speeded up immensely as
engineers using ion-implant machines in
semiconductor plants began to feed back
information to implantor designers in their
shops. Improvements were especially rapid
in terms of building machines that had the
safety, ruggedness, and speed that made
ion implantation cost-effective on the
production floor. Irate telephone calls
complaining about production lines being
down had a great effect on eliminating
equipment bugs. When, as will be discussed
later, production-line implantation tests

(left to right)
Laboratory version, factory version and diagram of laboratory version of ion-implantation machine. Production problems are
not the same as laboratory problems, hence the differences. In the diagram, ions are produced at the source and accelerated toa
high voltage, magnetically “switched" into the appropriate beam line, and focused, before striking the target wafers.

Irate telephone calls complaining about production lines
being down had a great effect on eliminating equipment

bugs.

began to show products that demonstrated
acostadvantage, the placing of ion implan-
tors in factories began to increase rapidly.
From 1970 to 1975 the worldwide sales of
production ion-implantation equipment
increased about 100 times to 10 million
dollars.® Sales of ion implantors in 1977
were estimated at 20 to 25 million dollars.

Research scientists frequently overlook the
large amount of work necessary to in-
troduce a new technique to the production
floor.

Very frequently the factory engineer in
charge of production does not have the
time to follow, study, and understand a
radical new technique like ion implanta-
tion. Consequently, this man would rather
struggle and try to improve the process he
is familiar with than to introduce
something new and unfamiliar. Under
these conditions, the role of the research or
development engineer becomes crucial.
The research engineer must first assimilate
the appropriate science from the literature,
and perform various experiments to
become familiar with experimental

practice and the various tradeoffs. He must
then understand the production engineer’s
problems and have the right attitude to
sympathize with and guide the production
engineer. If a change in processing is
suggested, a careful consideration of all
alternatives and their possible effects is
necessary.

A particularly deadly approach occurs
when the scientist essentially says to the
factory engineer, “Here is the process, it
works! Now you solve the engineering
details and don’t bother me with produc-
tion problems.” What often happens is that
the production engineer runs tests and very
frequently the data tell him that the new
process of ion implantation is worse than
the method he is now using. The reasons
for failure may be real, or perhaps the
experiments were not properly coordina-
ted, as happens in so many cases of putting
an ion-implantation step into a 150-step
integrated-circuit process. That is, a step
before or after the ion-implantation step
may not be compatible and may negate the
achievement of the desired results.




Sometimes the variations in other parts of
the process are very large and have not
been recognized as possible sources of
error.

The transfer of a process froma research or
development group tothe factory must be a
continuing process in which there is cons-
tant feedback. In order to make the entire
process compatible, new implantation
steps must be properly tailored and ad-
justments must be made in the older
processing steps. With care and patience,
the factory engineer can avoid many ex-
periments if the effects of plus and minus
variations on the final product are known.
Cooperation to solve problems will ul-
timately improve the product and the yield
of good devices. The final result of making
a better product at a lower cost is necessary
to satisfy the customer and thereby stay in
business.

lon implantation at RCA

lon implantation was initially considered
only as a research tool.

Early discussions about the uses of ion
implantation in RCA Laboratories usually
explored or emphasized the possible uses
of ion implantation as a means of doing
material modifications that could not be
obtained by conventional methods used in
industry. For instance, diffusion methods
could not produce a profile of impurity

No matter what the reasons for failure, the new process will

get the blame.

ions that varied in its vertical spatial
distribution in a way that increased the
variation of capacitance with voltage.
Also, most production engineers felt that
gaseous furnace diffusion of impurities was
too inexpensive to be replaced in any
manner by ion implantation. (However,
later tests showed that, in many cases, ion
implantation can be the least expensive
overall method.)

Another area of research exploration fre-
quently mentioned was the doping of 111-V
or 1I-VI semiconductor compounds; im-
plantation made ions available for doping
for which there was no developed simple
chemical or gaseous method of doping
available. Although there is still a con-
siderable amount of research work being
done concerning the doping procedures
and results in base materials other than
silicon, no large-scale commercial applica-
tion has developed as yet.

The decision to invest in an ion-
implantation machine and to commit the
necessary research staff was particularly
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difficult for RCA Laboratories because
money for capital expenditures was very
tight in 1971-72, the time the final decisions
were being made. Fortunately, the RCA
Laboratories management was far-sighted
enough to continue the project, purchase
an ion-implantion machine* for $125,000,
and commit the space (a lead-shielded
room) and personnel needed for this
research. The project was justified at the
time as a general research method rather
than the solution of a particular problem.
Later results, of course, showed that the
commitment paid off handsomely, but the
decision was far from obvious in the
atmosphere that prevailed when the deci-
sion had to be made.

Cost effectiveness must be a distinct
possibility before factory tests can begin.

A small amount of arithmetic can show ifa
new process has a chance of succeeding in
the factory. However, certain assumptions
must always be made in these calculations,
and the correctness of the assumptions
must be proven and the overall results
demonstrated. If the process is going to
continually cost even a small incremental
amount (installation and learning time are
one-time costs), you might as well forget
about it. The key word here is
demonstrable. This means that you must
be ablets show, with hard, clear facts, what
the ion implantation has accomplished.
This also means that the test must be
carefully done. Even if the results are
negative or inconclusive for reasons that
have nothing to do with ion implantation,
the overall results may as well be bad,
because ion implantation will be blamed
for the failure. This may cause the tests to
be wholly abandoned and certainly lower
the enthusiasm for further careful tests. If it
turns out that an implantation step adds to
the overall unit price, the final product
must be in some way improved so that the
customer is willing to pay more.

After laboratory experiments show
feasibility, a large-scale test must be
planned and one must proceed with
patience. The first production job for ion
implantation in a factory must be carefully
chosen. The particular process should be
one in which the production engineer finds




demonstrate that it works on a small,
carefully controlled experiment in the
laboratory.

A process that works under laboratory conditions, but cannot
be made to work in the factory, is of no use in the commercial

world.

it a struggle to get continuous yields of
good product. Small-scale experiments
must be used to develop the process and
determine the necessary process parame-
ters for device production. Examples of
these parameters include appropriate
masking technique, number and kind of
atoms implanted, accelerating voltage, and
annealing treatment. Careful electrical
tests must be conducted to see that the
devices and circuits have the correct elec-
trical characteristics. One must make sure
that both major and minor electrical
characteristics are satisfactory and have
not shifted out of the center of the range of
acceptance. It is highly important to show

that the frequently subtle characteristic of
device life is satisfactory. The device must
be tested for several thousand hours under
maximum allowable stress conditions to
make sure that the electrical characteristics
do not change so much that the circuit
becomes inoperative or even just oc-
casionally erratic.

Many scientists assume that once some
process is accepted as superior in the
laboratory it will more or less automatical-
ly be adopted for use in manufacturing. Itis
not so easy; in fact, it takes about ten times
as much work to introduce a new process to
a manufacturing line as it does to

The research engineer must understand the production
engineer's problems and have the right attitude to sym-
pathize with and guide the production engineer.

Charlie
Laboratories, has been strongly involved
with ion implantation as a research tool and
as production equipment.

Mueller, a Feliow of RCA

Contact him at:
RCA Laboratories
Princeton, N.J.
Ext. 2024

Step Operation

1W Standard clean/1100°C, 90 min
2W Initial oxide

3W Apply photo

4W Expose well mask

SW Develop

6W Inspect

7W Bake photo well

8W Buff HF etch

9W Rinse

Full-scale runs showed ion implantation’s
advantages.

Before a process is accepted or signed off
by the various responsible production
managers, it must be tested in the factory
line with a reasonably large product run. A
process that works in the laboratory under
laboratory conditions and then cannot be
made to work in the factory is of no use in
the commercial world and all the time
wasted in its development just contributes
to the overhead cost of the product actually
sold. The research engineer should bring
the factory engineer into the test at the very
beginning of the planning; continuing dis-
cussions help to educate both the produc-
tion engineer on ion implantation and the
research engineer on the particular re-
quirements of the overall process.

The particular application chosen at RCA
for the initial introduction of ion implanta-
tion to production was a difficult part of
the CMOS (Complementary Metal Oxide
Semiconductor) transistor process. The
requirements were ideal for ion implanta-
tion: highly accurate control of a low-
concentration impurity dose for p-well
fabrication in the integrated circuit.

10W Add well control

11W Boron deposition/€00°C, 30 min
12W Glass removal

13W Read well control

14W  First drive/1100°C O,, 60 min
15W Buff HF etch

16W Rinse

17W Read well control

18W Second drive/1100"C steam, 4 hr
19W Oxide etch

20W Read well control

21W Third drive/16 hrs 1200°C

<=

K

lon implantation
2.4 x 10" boron ions/cm?, 100 keV

3 hrs 02, 13 hrsN,

Table !

fon-implantation test eliminated eleven
processing steps (shown in gray). When
wafers were reinserted in line after implanta-

tion, they went through the normal
procedure for the rest of the process.
Results are in Table I1.




It takes about ten times as much work to introduce a new
process to a manufacturing line as it does to demonstrate that
it works on a small, carefully controlled, experiment in the

laboratory.

The following data shows the results of a
production-line test of p-well fabrication.
The dramatic effects of the ion-
implantation method on the overall
process can best be shown by reproducing
the factory flowchart (Table I) and the test
results. The table shows the actual factory
processing flowsheet with the standard
steps from 10W to 20W crossed out. At
step 10W, the wafers were removed from
the factory line at Findlay, Ohio,
transported to RCA Laboratories at
Princeton, N.J., and implanted with boron
ions. The wafers were then reinserted in the
factory line at step 21'W and went through
the usual steps for the rest of the process-
ing. Note that the number of wafer-
handling steps has been reduced by the
elimination of three measurements. Thus,
the direct labor cost has been reduced and
the possibility of damaging the silicon
wafer during handling with tweezers con-
siderably decreased.

The yield improvement of perfect pellets
achieved in a large pilot run of 27,683
wafers is shown in Table [I, which includes
a direct quotation from the factory report
on comparative tests. The 13-15% increase
in yield and lowered direct labor costs

Percent yield

lon Sid.

implanted  diffusion
2.2-volt process 82.6% 67.1%
1.8-volt process 80.7% 67.7%

Tabie il

lon implantation vs. standard diffusion.
These yield results were obtained after
testing 27,683 peliets. Aithough not all tests
were or will be as good as this one, the
factory was quite pleased with these
results—"The 67-68% yield figure for the
standard diffusion controls are considered
to be ‘very’ good for the CD4007 [device].
The consistent B1-82% yields observed in
the ion-implanted wafers are rated
‘outstandingly’ good."

accomplished with the new process is an
amazing improvement that can rarely be
achieved by modifying a going production
line. After this test the factory management
ordered an ion implanter for direct inser-
tion into their line.

Many other demonstrations of the use of
ion implantation were successful, but
generally they were not as dramatic as this
one. Also, in certain applications, test runs
produced no significant product im-
provements. Generally, in these cases the
factory engineer prefers (and rightly so) to
use the equipment that is already instalkd,
paid for, and familiar to the production
workers. Tests similar to the one described
above were undoubtedly run during this
period in many different semiconductor
factories. Results were apparently equally
positive, because the use of ion implanta-
tion in the semiconductor industry began
to increase steadily.

Present status

The use of ion implantation in the semicon-
ductor industry is continuing at an
accelerated pace. For most processes where
exact control of doping concentration is
necessary, the use of ion implantation is
now routine. The number of ion implan-
tors in use throughout RCA has steadily
increased to eleven including the new high-
current machines that extend the
economical use of ion implantation to
many more applications. Probably every
major semiconductor manufacturing plant
has at least several ion implantors at the
present time. Even though much of the
fundamental work of applying ion implan-
tation to silicon has been done, research on
various details is still necessary to supply
data for the refined processing necessary
for critical applications. Development
work will, of necessity, continue in the
semiconductor industry on new circuit
applications for years.

The world semiconductor business® has
grown from $3.1 billion in 1972 to about
$6.5 billion in 1977; United States com-

panies have ahout 60% of this business and
Japanese companies have about 25%. At
present, competition between Japanese
and U.S. companies is intense. The
Japanese have launched a large
government-sponsored research effort that
combines government and industry
monetary and technical contributionsinan
all-out effort to try to establish leadership
in the large-scale integrated-circuit field.
This type of combined effort, often referred
to as Japan, Inc., is difficult to keep ahead
of. Fortunately, the semiconductor in-
dustry in the U.S. is still vibrant and
working very hard. However, it is im-
perative that new design and new
technology, like ion implantation, be
pushed hard by everyone in the U.S. to
maintain our internal market position, to
say nothing of our world position.

Conclusion

The ultimate factory use of such a complex
innovation as ion implantation, which
requires completely new and expensive
machinery, depends upon many factors, as
discussed in this article. Fundamental
research contributions by many people,
stretched over a period of about 25 years,
and about five years of testing were re-
quired to obfain universal acceptance in
the factory environment. Ion implan-
tation’s universal acceptance by semicon-
ductor companies all over the world is the
ultimate test of its total success as an
innovation.
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Productivity: fighting the cost squeeze

J.S. Race

While the price of almost everything else has gone up,

a color tv costs less now than it did ten years ago.

The color television receiver is one of the most complex and
familiar consumer electronics products made today. Yet,
the performance, quality, and price of this product have
improved to the point at which industry sales in the U.S.
market were over ten million units in 1978, a record
achievement.

The profitability issue has been an important one for U.S.
television manufacturers. Although the mid-to-late sixties
represented a period of soaring sales and reasonable
profits, the picture began to change in the early seventies.
Competition for market share among all participants in the
business, coupled with continuing cost increases in raw
materials, purchased parts, and labor, produced substantial
losses for many U.S. manufacturers. Seven eventually
withdrew from the television business altogether and some
others were taken over by foreign manufacturing firms.
Today, such competitors as Philips, Matsushita, Hitachi,
and several other overseas-based corporations manufac-
ture television products in the U.S.

To get an idea of the cost pressures facing the television
industry, let’'s examine Fig. 1, which shows how inflation has
pushed up the price of materials and wages in the period
from 1967 to 1978. During this period of material and labor
cost increases, however, the average price of a television
receiver has actually declined, as shown in Fig. 2.

Fig. 2 reflects this change in two ways: first, in current
dollars, in which the lowest factory price of the average
television receiver occurred in 1970; and secondly, in
constant 1967 dollars, from which the steady, continual
decline in price (or appreciation in value) can be readily
discerned. This decline is all the more remarkable since
during this same period, such innovations as solid-state

circuitry, superior picture tubes, electronic tuning and
controls, and new fire-retardant materials have added
significantly to the overall performance/value of the
receiver. As a basis for comparison, during the same period,
prices for such items as washing machines, clothes dryers,
refrigerators, and ranges rose by an average of about 40
percent. The years 1977 and 1978 saw the first price
increases in the industry for a number of years: television
prices rose approximately 2 percent on two occasions.

Three principal factors helped offset the continuous cost
increases previously mentioned:

e increased volume of sales,
e change in the product mix, and
e improved productivity.

The last item, improved productivity, is absolutely key to
success, both past and future. In general terms, productivity
is defined as the units of product made per hours of
manpower. Including such functions as engineering,
purchasing, and personnel in the number of hours of
manpower gives a productivity figure of merit for a total
organization. In general, productivity has been increasing
at a significant rate for the television industry, although
there was a slight reduction in number of units per man-
hour when solid-state sets were introduced. This long-term
productivity improvement has more than offset the rising
wage/material costs over the past decade and made
possible the price reductions previously noted. In rough
terms, it can be inferred that the productivity improvement
in the television industry is roughly twice that of U.S.
industry as a whole.

Three primary approaches have been taken to achieve
these productivity improvements:
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Price increases for wage and material inputs to tv manufacturing have been substantial; 1967 is taken as base year.




® close control of fixed costs;
e productivity increases by changes in design; and
® productivity increases in manufacturing.

Close control of fixed costs is essential in determining the
breakeven pointof a business. These costs, whether they be
measured in thousands or millions of dollars, must be paid
before product sales provide a profit. In years when
business is poor and sales volume is down, adequate
control of these costs can mean the difference between
profit and loss.

The other two items are much more relevant to the scope of
this article. Engineers can design in productivity im-
provements by such means as simplifying circuits, using
integrated circuits that combine functions formerly per-
formed by many other components, reducing supporting
component count, and improving manufacturability.

The last item in the list above, improved manufacturability,
overlaps very strongly with improved productivity from
manufacturing programs. Effective communication
between manufacturing and engineering is necessary for
design improvements that lead to increased manufac-
turability. Co-design of the product and the manufacturing
process is now viewed as essential. To achieve the benefit,
for example, of having a printed-circuit board designed for
automatic assembly, manufacturing must possess the
necessary equipment for auto-assembly and, conversely, if
manufacturing has the equipment, the board-mounted
components must be designed for insertion on orthogonal
axes, etc. Maximum improvements in productivity can only
be achieved as a result of effective cooperation between
engineering and manufacturing.

Improvements in productivity from manutacturing can be
achieved by guidance to engineering, improved methods,
and mechanization and automation. Classically, productivi-
ty improvements have been a result of improved methods.
In recent years, however, enhanced manufacturability via
design and automation and mechanization have begun to
play an increasingly important role.

The word “quality” has not been mentioned since the first
paragraph. Yet the drive toward improved quality and
reliability has been just as forceful, just as dramatic as the
drive toward lower costs. In a sense, each time improved
productivity, improved methods, increased mechanization,
or improved manufacturability is the object, improved
quality is the result. The driving forces for manufacturing
and engineering are reduced costs and improved quality
and reliability. They are jointly attainable and inseparable.

RCA has a major commitment to the television business.
Nearly 20,000 employees, including over 400 engineers,
form the nucleus of RCA’s Consumer Electronics television
business. Today, as a result of product design, excellence
of product performance, and cost-effective approaches to
manutfacturing, RCA Consumer Electronics has strength-
ened its position in the television industry and is a
substantial contributor to corporate profits.

in the following nine articles on RCA Consumer Electronics
television manufacturing, you will gain some insight into
both the scope of television manufacturing from raw
materials, such as wood and manganese oxides, to
sophisticated IC's, to computer-controlled test equipment,
to the men and women—operators, supervisors,
production-control specialists, quality professionals,
engineers, managers, and others—who make the business
successful. Itis a challenging, rewarding business. Articles
intuture issues of the RCA Engineer will continue to explore
the complex world of television manufacturing.

Steve Race, a Manager in the Manufacturing Technology group at
CE, works in the area of introducing new manufacturing
technology to Consumer Electronics plants. He has worked in a
number of roles in CE manufacturing, most recently as Manager,
Manufacturing and Resident Engineering, at the Juarez sub-
assembly manufacturing plant.

Contact him at:
Manutacturing Technology
Consumer Electronics
Indianapolis, Ind.

Ext. 5636
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Declining prices for color television sets seem to contradict Fig. 1, but increased volume and increased productivity, together
with a change in product mix, have made them possible. Current dollars are shown in black, 1967 dollars are in gray.




Color television final assembly:
quality and quantity
G.L. Apple

G.A. Laskaris
R.D. Veit

Simultaneous quality and quantity in manufacturing is a
difficult task, but RCA has done it. A lengthy approval cycle
and arduous product testing make this high-reliability,

high-production operation possible.

Gib Apple is Group Manager of Assembly Process and Tool Design in the Manufacturing
Engineering Department. In this position, he directs the development of tooling and layouts,
determination of assembly methods, and preparation of assembly processes for color
television final assembly.

Contact him at:
Manufacturing Engineering, Consumer Electronics, Bloomington, Ind., Exi. 5382

George Laskaris, Manager of Instrument Quality Control, directs the Quality inspection and
testing of color television sets, determines Quality standards of acceptance, and is
responsible for the product approval cycles and compliance to all Safety requirements. He
has also worked as a Quality Control supervisor, Manager of Purchased Material Inspection
and Manager of Material Quality Control prior to his present position.

Contact him at:
Quality Control, Consumer Electronics, Bloomington, Ind., Ext. 5258

Bob Veit joined RCA in 1961 as a production supervisor. Since 1965, he has been a
manutacturing superintendent responsible for assembly and test operations in the final
television assembly area. This responsibility strongly involves the continuing effort toward
better quality and reliability of RCA television sets.

Contact him at:
Manutfacturing, Consumer Electronics, Bloomington, Ind., Ext. 5346
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Authors George Laskaris, Bob Veit, and Gib Apple (left to right) and a GC938R color
television receiver.

Millions of RCA color television sets are in
use throughout the United States and the
world. Since the early 1950s, when RCA
pioneered color television, many “state of
the art” improvements have taken place in
circuitry  design, performance, and
reliability. During this period, manufac-
turing engineers have kept pace with the
design engineers, making many im-
provements in the assembly and test tech-
niques used to manufacture color televi-
sion sets. This article discusses these
current assembly and test methods.

RCA’s color television Final Instrument
Assembly Plant (Fig. 1), located in
Bloomington, Indiana, employs 500
salaried and 2900 hourly workers. The
final-assembly plant at RCA Bloomington,
commonly referred to as Plant 2, has
450,000 square feet of space, and is totally
devoted to color television final-assembly
and materials-support functions. The plant
has ten television assembly lines; each line
is capable of producing 800 color television
sets on a single shift.

Historically, color-television assembly
lines have been structured into the follow-
ing groups for better supervisory and
quality control—Cabinet, Tube, Chassis,
Final Test, Prepack, Final Acceptance,
and Packing.

Production starts at the Cabinet Section.
There, cabinets from RCA's cabinet plants
or from outside vendors are unpacked and
assembled. Over 90% of our cabinets come
from RCA’s Indianapolis and Monticello
Plants. Next, the cabinet goes to the Tube
Section, where the picture tube s
assembled in the cabinet. The set then goes
to the Chassis Section, where the chassis is
installed and all connections made. After
the set is tested and aligned in the Final
Test Section, it is prepared for shipment in




the Prepack Section. The set then goes toa
Final Acceptance Section, where electrical
performance, cabinet appearance, and
customer controls are given a final check
before the set goes to the Packing Section.
These sections are covered in detail later in
the article.

The assembly lines don't start running as
soon as a tv set is designed: much
preliminary work must take place first. The
box on the last page of this article shows all
the engineering, guality, and production
criteria that must be met before we are
ready to produce a specific color television
model. As our example, we will discuss the
GC938R color tekevision set. which is a
“top-of-the-line™ set that has a ColorTrak
chassis, a frequency-synthesis tuning

system, on-screen time and channel dis-
play, and an electronic hand unit for
remote control,

Fig. 1

RCA’s color television final assembly plant at Bloomington,
Indiana. Plant 2, where most of the assembly takes place, is tre
right backgroung. Plant 1 is in the foreground, and the Distribution

Cabinet section—6 minutes

The four cabinet types require different
assembly techniques.

As previously mentioned, the first section
of the line is the Cabinet Section, which is
located on the lower level of the building.
Workers in this section unpack and start
progressive assembly on four ditferent
types of cabinets—plastic, mitrefold,
knockdown, and conventional.

Plastic cabinets are used for all our small-
screen (13" thru 19™) models. All plastic
cabinets are supplied by our Indianapolis
Plant.

Mitrefold cabinets, which are for 25"-
screen sets, are delivered to Bloomington
as flat, vinyl-clad. presswood panels with
precision-cut mitres at the corners. The

Fig. 2

Center is in the lett background. Conveyors connect the different

plants.

Fig. 3
Typical Cabinet Section assembly line. Knockdown cabinets are
being assembled here.

Fig. 4
End of the cabinet assembly line. The automatic elevator at the left
takes the cabinets and cartons (on separate levels) up to the main
floor for the rest of the assembly operations.

cabinets are glued and set up in the
Bloomington Plant. This type of cabinet
construction saves transportation cost as
the flat panels consume considerably less
cubic feet than assembled cabinets.
Mitretold cabnets, which are supplied by
an outside vendor, are used in the low-and
middle-line television styles.

Knockdown cabinets, also a 25"-screen
type. are delivered to Bloomington in
separate pieces—tops, sides, bases, and
front rails—for assembly. All of the cabinet
pieces are color-matched by the supplier
before shipment. Again, this type of

cabinet offers considerable transportation
savings as five complete cabinets can be
packed in one normal-size, reusable color-
television carton. More than 90% of our
knockdown cabinets are supplied by our
Monticello Plant. These cabinets are the
most popular 25 -cabinet style and can be

Testing and inspection of components is an important preparatory
step. The machine on the leftis a high-speed diode electrical sorter;
the one onthe rightis a high-speed computerized transistor sorter.




found throughout the complete product
line.

Conventional cabinets are those 25™-screen
cabinets, at the top of the product line, that
arrive  in Bloomington  completely
assembled. The Monticello Plant, in addi-
tion to other vendors, supplies this cabinet
type. Our sample television, the GC938R,
uses a conventional cabinet supplied by
RCA's Monticello plant.

The GC938R cabinets are delivered to the
Cabinet Section assembly area by battery-
powered grab trucks. At this point, the
cabinet is unpacked and placed on the
powered belt assembly line and its cartonis
placed on an overhead belt conveyor fora
500-foot ride to the Packing Section and
ultimate reuse (Fig. 3). As the cabinet
moves down the assembly line, the plastic
cabinet front, speakers, chassis-mounting
hardware, trim overlays, and control-area
door are installed. These and other
associated tasks are accomplished with
common tools and pneumatic screw-
drivers. All of the production operators are
responsible for workmanship quality in-
spections: however, at the end of the
Cabinet Section, a thorough workmanship

and cabinet appearance inspection is
repeated. Cabinets not meeting quality
stundards are corrected before the cabinet
is allowed to leave the section. When the
cabinet is ready for delivery to the next
section, it is placed into an automatic two-
level elevator that delivers it to the main
factory floor at the appropnate time. (The
upper level of the elevator carries the
carton, which has now been reunited with
its cabinet.) From unpacking to the
elevator, six minutes have elapsed (Fig. 4).

Picture-tube section—
6 minutes

The tube and its cabinet are “married” here.

The Picture-tube section is the first
assembly section on the main floor. There,
the cabinet is automatically unloaded from
the elevator and rolls down to the
assembly-line  starting position.  The
assembly line, which extends through all of
the main floor sections, is a 410-foot slat
conveyor with isolated power outletsin the
slats to facilitate electrical testing.

Before discussing the Picture Tube section,
we should discuss the tube .tself. Picture

Fig. 5 (left) Picture-tube unloading area. The operator is placing a 25-inch tube onto the

color-coded monorail conveyor that takes it to the appropriate assembly line.

Fig. 6 (center) Picture-tube section. The vacuum unloader at the left is used to place the

tube into the cabinet.

Fig. 7 (right) Yoke-assembly press. The yoke is being assembled to the tube at the left.
Extremely critical assembly controls are necessary to avoid picture-tube neck damage
during yoke positioning and to make sure that the yoke adheres to the picture-tube bell

properly.

Fig.8 (below) Operator using vacuum handling fixture to make final adjustment of a 25-inch

picture tube in its cabinet.

tubes are received, unpacked. and loaded
on a monorail in the Plant 2 lower level for
delivery to each television assembly line.
Tubes are placed on the monorail prior to
starting assembly of the cabinet that will
receive a particular tube, since the travel
time on the monorail to the point of use is
30 minutes (Fig. 5).

As we start the Tube Section assembly
work, the GC938R cabinet is placed on the
assembly line and preparations begin im-
mediately to mount the picture tube into
the cabinet (Fig. 6). In addition to the
picture tube, other major components,
such as the automatic degaussing shield
and coil assembly, deflection yoke, con-
vergence assembly, and magnetic beam-
correction device, are assembled to the
cabinet. To control critical assembly and
handling requirements, special tooling was
developed in Bloomington. The deflection
voke is held on the picture-tube bell with
four pieces of double adhesive foam tape.
The voke is accurately positioned and
seated with 120 1b of force with a semi-
automatic press (Fig. 7). After the yoke is
properly positioned and adhered to the
picture tube, the tube automatically ad-
vances to the next position, where the




mounting brackets and retaining band are
positioned and assembled by a production
operator.

The tube is now ready for positioningin the
cabinet. However, since the tube weighs 65
pounds and has no hand holds, a special
vacuum fixture isattached to its bell at four
places. The tube is lifted with an air
balancer, moved to the cabinet, and
lowered into position. This vacuum lifting
fixture was designed “fail-safe™ to keep a
tube from being dropped even if there isan
air loss or inadvertent vacuum blow-off by
the operator (Fig. 8). Other tools used in
this section are more common and are
mainly comprised of pneumatic screw-
drivers, torque-controlled pneumatic
screwdrivers, and hand torque tools.

As with the Cabinet Section, all production
operators are responsible for workmanship
inspections and special checks are made at
the end of the section to ensure that the
assembly and positioning of the picture
tube meet specific quality criteria. Units
not meeting quality standards are cor-
rected before moving to the next section.
From the elevator to the end of this section,
$iX minutes more have passed.

Chassis section—6 minutes

In this section, the chassis is mounted,
cabling connected, and the set is operated
for the first time.

The next section on the assembly line is the
Chassis Section. As with the picture tube,
the chassis is delivered to the line on a
monorail. The chassis is placed on the
delivery monorail 33 minutes before the
cabinet for that chassis is started. As
chassis arrive at the assembly line, they are
removed from the delivery monorail and
prepared for assembly to the cabinet (Fig.
9). When the GC938R cabinet arrives from
the Tube Section, the chassis is immediate-
ly installed (Fig. 10). As the cabinet
progresses through the Chassis Section. the
frequency-synthesis tuning system, remote
amplifier, and remote pre-amplifier are
assembled to the cabinet. Also, all cable
connections are completed to marry the
previously assembled components into a
working television set. Near the end of the
section, the television set is turned on for
the first time, extensively inspected, and
given initial quality checks to verify that it
is acceptable to proceed to the Final Test
Section. Another six minutes have elapsed
in the Chassis Section. At this point, 18

Fig. 9 (top left) Chassis being taken from the overhead monorail at left and being prepared for
assembly to cabinets at right.

minutes have elapsed and almost all of the
1000 pieces of raw material and sub-
assemblies have been brought together to
create a GCI38R color television set.

Final test—17 minutes

This section does the final inspection, align-
ment, and circuit testing in the television set,
adjusts it for customer viewing, and checks
all safety-related circuits.

The television set now movesinto the Final
Test Section. Although the set has been
under power for less than three minutes
when final testing begins, the major elec-
tronic components have been subjected to
testing and alignment in the “sub-
assembly” stage. The chassis and remote
amplifier, supplied by RCA Juarez. have
been aligned and tested using automatic
test equipment. The frequency-synthesis
tuner, supplied by RCA Taiwan, has been
tested using manual test equipment. The
convergence assembly, remote pre-
amplifier, remote transmitter, and the
frequency-synthesis controller are
assembled and tested in Bloomington using
both automated and manual test equip-
ment. All of the above tests are circuit and
functionally oriented, simulating the con-

Fig. 10 (center) Chassis section. The wooden-slat conveyor is moving from front to rear. The
operator partially out of the foreground is obtaining a chassis to install in the next cabinet.

Fig. 11 (bottom left) Final-test operator using optical sensor and light box to align color
temperatures properly.

Fig. 12 (right) Quality control inspectors making a customer-type review in the Quality
Acceptance section. Inspector with the rubber ball malletis making a “flash when tapped" check to
verify picture stability under adverse conditions.




ditions these components will face in a final
television assembly.

Alignments and circuit checks are done
with test equipment and by observations of
picture and sound quality. These checks
are made using customer and service set-up
controls. During the course of these
checks, signal-strength levels are varied to
ensure proper operation of the set
regardless of its final location, whether it be
a rural area or close to transmitting
stations.

To provide constant, repeatable color
alignments and component measurements,
a number of test aids were developed in
Bloomington. These aids enable us to judge
critical adjustments objectively rather than
subjectively (Fig. 11). All of the alignments
and measurements in Final Test are ac-
complished in 17 minutes.

Prepack—4 minutes

Here, the set receives its serial number, final
assembly work, appearance checks, and
safety inspections.

After the set has been accepted in Final
Test, it progresses to the Prepack Section.
In this section, all television sets are given
serial numbers to enable tracking of the set
to the distributor, dealer, or customer and
to provide a method for internal produc-
tion and warehousing controls.

The serial number is printed by special
printing equipment in the Bloomington
plant. Its nine digits contain the following
coded information: year of manufacture,
week of manufacture, day of the week. line
number, place of manufacture, and three
sequential arbitrary numbers. The serial
ticket also contains the instrument model
number and cabinet color or finish.

As the GC938R moves through Prepack,
final assembly work and final mechanical,
cabinet appearance, and safety inspections
occur. The assembly work consists of
permanently affixing a section of serial
ticket to the chassis, installing the back
cover and putting together a literature
package for the customer’s use. The safety
inspections are critically controlled to en-
sure that each television set meets all
applicable safety regulations specified by
H.E.W., U.L.. and C.S.A. at the time of
manufacture. This work is completed im-
mediately prior to assembly of the back
cover so that safety-related items are not
accidentally disturbed by other production
operations. Specially trained cabinet-finish
personnel inspect overall cabinet
appearance. Four minutes after entering
the Prepack Section, the television set
enters the next to last section of the line,
Acceptance Test.

Fig. 13 (top left)
Shock hazard test on a
typical 25-inch set.

Fig. 14 (bottom left)

Into the carton. Vacuum
handling equipment s
necessary, since the com-
pleted television may weigh
over 250 pounds.

Fig. 15 (top right)

Drop testing, which
simulates shipping con-
ditions, is done to check that
packing protects set properly
against abnormal handling.

Fig. 16 (bottom right)
Consumer Acceptance
Analyst making the initial
quality check on randomly
selected 19-inch sets.




Acceptance test

After all assembly, alignment, testing, and
inspection of the television set have been
completed by Manufacturing, the set must
pass the on-line tinal Quality Acceptance
Test.

This test is performed on every television
set built in the Bloomington Plant by
Quality Control Inspectors stationed at the
end of the instrument line just prior to the
Packing Section. This test is a customer-
type review of the general performance of
the set; it checks VHF channels (2 thru 13)
and UHF channels (14 thru 83) using
factory-produced test patterns. All of the
customer controls are checked for proper
operation and left in a pre-set position,
followed by a general check of the overall
appearance of the set (Fig. 12).

The accepted sets then proceed into the
Packing Section. Sets not acceptable in this
check are identified and removed from the
line for correction. After sets removed
from the line are corrected, they are routed
through Final Test, Prepack, and Quality
Acceptance a second time.

Working in conjunction with Acceptance
Test, another team of Quality personnel
assigned to each assembly line makes
“over-the-shoulder” audits of all assembly
and test operations. There is very close
scrutiny of the H.E.W., U.L., high-voltage,
hi-pot, and safety assemblies and in-
spections.

Fig. 17

Long-term life testing. There are always 1000 sets undergoing this performance evaluation

Packing—4 minutes

The shock-hazard test is the last event
before the set goes into its carton.

The last section of the assembly line is the
Packing Section. Prior to actual packing,
the serial ticket section, stamped by the
Quality Control Inspector in Acceptance
Test, is permanently adhered to the back
cover. Also, each set is given a customer
shock hazard test—all metallized surfaces
that are accessible to the customer
(whether located on the front, the back, or
underneath the television set) are checked
with 1080-V ac and 500-V dc “hi-pot”
equipment to verify that absolutely no
possibility of a shock hazard exists on the
television set. The hi-pot equipment is
equipped with visual and audio alarm
circuits to doubly ensure that faults are
noticed (Fig. 13).

After the hi-pot operationis completed, the
television set is ready for packing. The
carton that was put on the overhead carton
conveyor 40 minutes ago arrives to again
accept a cabinet that now contains a ready-
for-sale television set. Since the set weighs
more than 250 pounds at this point, it was
necessary to develop special vacuum equip-
ment for loading it into the carton. A
vacuum head is placed in the center of the
cabinet top, and the cabinet is raised and
lowered into the carton (Fig. 14). After the
cabinet is placed in the carton, the top
protective packing is positioned and the
carton containing the finished GC938R
television set is sealed.

at elevated line voltage and ambient temperature.
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A random number of television sets are
removed daily from the Packing Section
for further auditing by Quality Control.
This audit includes a complete packing
check, simulated shipping tests (Fig. 15),
and an extensive operational check of the
television set using both factory-supplied
signals and air signals from cable TV.

Consumer Acceptance Lab

At the end of the Packing Section, an
automatic “lowerator™ takes thecartontoa
powered roller conveyor system that
delivers the television set to the Distribu-
tion Center, an adjacent building. The
completed television sets are stored in the
Distribution Center until they are released
for shipment by the Consumer Acceptance
Lab (CAL). This group is independent of
the plant and reports directly to Division
Quality Assurance.

CAL samples approximately 5% of the
product from warehouse stock, or more
than 100,000 sets annually, with each
production line's product being sampled
daily.

This sampling indicates the actual quality
of the product leaving the plant for the
consumer market. Decisions for either
shipping or retesting the product are made
on the basis of the sample results for each
line. The sampling/testing is conducted in
three phases:

Initial quality . Each set in the sample is
subjected to customer-oriented evalua-
tion per predetermined checklists of
inspections and tests (Fig. 16). About
half of the sample is subjected to
simulated shipping tests while the other
half of the sample is tumbled to simulate
handling. Shake and drop tests are
designed to simulate shipping con-
ditions. The shake tests take place on
vibrator tables operated at a one-g force
for one continuous hour. The drop-test
height varies according to the weight of
the packed television set, but each set is
dropped on all four sides and the bot-
tom. In addition, one set is placed in a
freezer at 0°F for 24 hours. After the
shake, drop, and freezer tests are com-
pleted, the television set must be com-
pletely operational and have no damage
as removed from the carton.

Short-term life test. Samples of each
day’s production are selected from the
initial quality group and operated for 12
hours with elevated line voltage in an




clevated ambient temperature environ-
ment,

Long-1erm life rest. Additional samples
of the product are placed on a 500-hour
life test operated under conditions
similar to the short-term life test (Fig.
17).

Performance results from CAL testing are
analyzed daily, weekly, and monthly to
detect any failure patterns or to make

reccommendations  for needed  design
changes or for corrective action by the
plant.

The acceptable quality level at CAL has
beenimproved each vear—-the 1978 jevelis
three times better than the 1975 level. The
amount of drop and shake testing being
performed daily by both the CAL and
Quality Control functions has increased
over 10009% since 1975.

Conclusion

We believe the GC938R colortelevision set
that passes all of our assembly, test, quali-
ty, and CAL audits is not only the top of
our line but “The Top of the Line™ in color
television receivers. Pride in our perfor-
mance and our product’s performance has
made RCA the number one name in color
television and Bloomington the “Color
Television Capital of the World.™ We
intend to keep it that way!

Before the first production set is built

Prior to the start of television production, a sample of all tv
sets and the raw material used in them must undergo
special tests and factory reviews to ensure they meet all
product requirements and criteria. These checks are
referred to as product and material approval cycles.

The first step of the TV product-approval cycle is the Pilot Run
build, where a small number of new television models are built in
the factory for the first time.

This is done to check the form, fit, and function of the
various parts and to identify needed corrections to the
tooling, design, parts specifications, and parts quality.
Also, the Pilot Run checks Manufacturing test methods
and procedures, assembly processes, and the overall
manufacturability of the television set.

The completed television sets from the Pilot Run are
subjected to shake and drop tests that simulate shipping
conditions, and then receive 1000 hours of cycled life
testing at a room temperature of 80° F and at a 130-V AC
line voltage. These stress conditions check product
performance and parts reliability to ensure that the set will
operate successfully in abnormal environments.

After the Pilot Run testing, the results are evaluated, any needed
corrections are made to design and manufacturing inputs, and a
Pre-production build is scheduled.

Television sets in this run are built only of approved parts,
using finalized test and assembly tooling and processes.
This Pre-production run verifies that the corrective
actions were effective. At this time, all of the final
approvals needed before the instrument may be produced
in volume are obtained. The final approvals consist of:

Quality Control and Design Engineering approval that
the product adheres to the instrument specifications; an
Appearance Committee approval; a Safety Committee
approval certifying that the tv set passes all of the
Underwriters Laboratory (U.L.), Department of Heaith,
Education and Weifare (H.E.W.), Canadian Safety
Authority (C.S.A.), and RCA safety requirements.

A concurrent material approval cycle covers each of the 1000
ditferent parts used in a typical RCA color TV set.

RCA receives these parts from over 500 different suppliers
in 42 states and 15 foreign countries. All new parts and/or
new vendors must undergo very stringent initial inspec-
tion or testing of all parameters, dimensions, and
specifications on RCA drawings and must receive proper
approvals before the material is deemed acceptable for
use in production.

An “E-Form"” approval is issued by Design Engineering as
evidence that the part is as it was designed to be. An "M-
Form" approvai is given by the receiving manufacturing
facility on parts that are produced on the supplier's
finalized tooling. An “A-Form" approval is required on all
appearance-type parts, such as cabinets, knobs, and
overlays; this approval is given by Industrial Design
Engineering. After all of the proper approvals have been
received, Purchasing can instruct the supplier to produce
and ship parts in production volume.

The various parts fall into electrical, mechanical, plastic,
and electromechanical categories. As such, they receive
many different types of inspections and tests after they are
received. The Purchased Material Inspection group per-
forms these inspections. This group, which is equipped
with highly sophisticated electronic and mechanical
measuring equipment, bases its check-lists of test and
inspections on past history, job experience, information
listed on drawings, and Engineering and Plant Quality
Control instructions (Fig. 2).

When the parts shipment is received, samples for inspec-
tion are puiled at random, with quantities determined per
sampling plans. If the sample taken indicates that the
incoming parts are not acceptable, the shipment is
returned to the supplier or the shipment may be sorted or
reworked at the Bloomington Plant.

Fuil production on a new model television begins only
after all these steps are taken. Experience has shown this
lengthy procedure to be absoluteiy necessary to produce
a quality product.



J.R. Arvin

A typical color television set may con-
tain from four to ten printed-circuit
boards, depending upon the sizes of
boards used. Since RCA produces
thousands of tv sets per day, printed-
circuit-board production must be very
high—over 20,000 square feet per day,
or over 4 million square feet per year.

Automating and updating

This effort requires a highly efficient
plant. Consumer Electronics in In-

Making PC boards,
step by step

First, some preliminary steps must take
place.

Making the artwork. Inputs for the board
layout go into a computer-aided design
system that draws 1:1 photomasters direct-
ly. The number of boards per panel has
varied from one to 375 (panel sizes range
from 18% x 11 inches to 18% x 24 inches).

Making the screen. Each printing operation
requires its own screen, which is made from
305-thread-per-inch polyester. Screens do
not last forever, so the number made
depends upon the size of the production
run. Screens are needed for printing the
following images: the copper circuit, the
solder resist, the topside (or component
side) circuit pattern image, topside
nomenclature (or roadmap), and the bot-
tomside roadmap.

1 Pilot-hole punching. This is the first step
in the actual production of the board. This
large punch press pierces all the holes that
locate screening and tooling throughout the
remainder of the manufacturing process.

The automatic printing-etching line. This
continuous line (photos 2-4) is the major
part of CE’s automation/modernization
program. An automatic feeder sends the
panels through a “preciean” line, where the
panels are mechanically abraded, water-
rinsed, and blown dry with hot air. A con-

Automated system increases
quality and production of printed-circuit boards

There’s much more to it than print, etch, and punch.
RCA is investing $1.5 million to automate its production of

dianapolis, where essentially all of
RCA'’s printed-circuit boards are made,
has one of the largest (over 40,000
square feet of production space) and
most modern facilities for making
single-sided boards in the United
States. (RCA presently makes only
single-sided boards at Indianpolis.) To
keep this operation as efficient as
possible, RCA has invested more than
$1,500,000 in updating and automating
it since December 1976; the work
should be complete in March 1979.

veyor then transfers the panels into a clean
room, where the screening is done. (Printing
in this clean room, rather than out in the
midst of the factory floor, has been one
factor in improving the quality of printed-
circuit boards at Indianapolis.)

2 Automatic screening. This operation
prints the ultraviotet-curing etch-resistant

printed-circuit boards.

Automation here is not a simple
process of purchasing faster and more
automatic machinery—some process-
es have had to undergo basic changes.
For example, the solvent-based inks,
which were formerly used, cured too
slowly for automatic equipment, so
they had to be replaced with fast-
curing solid-based ultravioletinks. The
results of this changeover have been
excellent. Although we knew that the
new ultraviolet inks would cure three
times faster than the solvent-based

ink on the copper side of the panei. The
boards shown here are being printed twelve
to a panel. Inspectors check the printed
panels as they move along the conveyor,
which leads out of the clean room to an
ultraviolet-tight unit that cures the ink rapid-
ly. (The three-fold speedup in curing time
achieved by switching to uitraviolet-curing
inks is the major reason for increased
production through this line.)
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inks, they also gave us an unexpected
benefit—the reject rate dropped
because the inks are easier to screen.

The modernization program is now
fairly complete and its benefits are
already evident. When the program is
completed in March 1979, when the last
automatic screen printing line will be
installed, we should see the following
accomplishments:

1)the labor needed to screen and
inspect printed-circuit boards will
decrease by 50%;

2) the screening rates will double;
3)the quality of the boards will be
improved greatly; and

4) the energy required to produce the
boards will be reduced.

What's involved?

A printed-circuit board has two main
functions—providing an electrical con-

3 Five-stage etching system. “Chemcut”
etcher removes un-inked copper from the
panels as they move through the system at
18 feet per minute. Panels on line here are
moving into the first stage of the etcher; note
that the dark inks are still visible. Since the
ink is not needed after etching, itis removed
by a caustic solution. Panel then is water-
rinsed, abraded, and rinsed again.

4 Stacking and inspection. At the end of the
etch line, panels are automatically stacked.

nection between components and
providing mechanical support for
those components. This can be done
with a number of board types—single-
sided, double-sided, double-sided with
plated-through holes, and multilayer
boards (both rigid and flexible). RCA's
Indianapolis plant, however, only
produces single-sided boards because
of their reliability advantages. A not-
so-obvious function of the board is to
assist service personnel by identifying
components, test points, etc., with
screen-printed “roadmaps” on both
sides of the board.

Manufacturing printed-circuit boards
begins with the material, which is a
plastic-copper laminate. The copper
foil is typically 0.001 to 0.0014 inch
thick, and the base material is usually
one of the following: FR2, a 1/16-inch-
thick paper-base phenolic; FR4,a 1/32-
inch-thick epoxy/glass material; and a

Inspector is making one of many visual
checks along the automatic line.

5 Automatic testing. Each panel is 100%
electrically tested for copper opens and
shorts. The automatic tester shown here
stepped through the 1888 tests needed for
this board in about 8 seconds; itis capable of
2400 tests. The inspector also visually
checks boards at this point for potential
opens and any obvious defects.

1/16-inch-thick composite made of
epoxy and paper-base phenolic.

Taking this material and turning it into
a printed-circuit board involves about
twenty manufacturing and inspection
steps, which are explained by the
photos and captions accompanying
this article. Simplified to bare bones,
however, the process consists of
screen printing the desired pattern on
the copper side of the laminate with
etch-resistant ink, etching the un-
wanted copper away, and punching
out the holes and board outline.

The automated equipment now being
installed at Indianapolis has helped
increase production, as already noted.
It is also helping improve the quality of
the boards, to the point that the plant’s
goal is now to ship all boards to
assembly plants at an acceptable quali-
ty level (AQL) of 0.1%.

6 Miscellaneous screen printing. Every
panel may require a different combination of
miscellanevus screening operations, but
the average panel requires four—solder
resist, topside and bottomside nomencla-
ture (roadmaps), and the topside circuit
pattern image. This photo shows a panel
that has just been deposited on the printer
conveyor by a vacuum lift. The equipment
used for these screening operations is fully
automatic—the only completely automatic
screen printers in the U.S. (RCA had to




purchase the printers in Europe because no
American manutacturer offered any.) The
four lines each consist of a feeder, screen
printer, panel reverser, and stacker, all
automatic. Only one inspector is needed for
two lines. The curing time of the ultraviolet
inks is the limitingtime on these lines, which
operate at 35 feet per minute.

7 Protective coating. To preserve the
solderabllity of the copper for as long as six
to twelve months, a “Sealbrite” protective
coating is applied by a large conveyorized
dip-coating machine. Racks of panels move
through the machine as the panels are
chemically cleaned, rinsed, coated, and
cured. Interestingly, the vats move up to the
racks, rather than the other way around, to
maintain the integrity of the overhead trolley
system.

l "'iiiiiill 1

8 Final piercing and blanking. A 65- to 125-
ton punch press punches all the holes on the
boards and blanks out the outlines of the
individual boards on the panels. Some

laminates require warming before
punching, to avoid cracking. The operator
here is shaking the individual boards loose
after punching.

9 Final inspection. The boards undergo a
final 100% visual inspection to an 0.1%
acceptable quality limit (i.e., 99.9% of the
boards reaching the assembly plant must be
good).

10 Ready for shipping. These con-
vergence boards will go on the deflection
yoke of a color tv set. They are stacked here
awaiting shrink wrapping to protect them
until they are ready for use.

i)

Jim Arvin joined Consumer Electronics in
1964 as a Manufacturing Methods Engineer,
and was promoted to Process Engineering
Manager in 1966. He was responsible for the
printed circuit board area until recently,
when he was transferred to plastics molding
and finishing.

Contact him at:
Manufacturing Engineering
Consumer Electronics
Indianapolis, Ind.

Ext. 5614
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Components to boards to chassis:
subassembly manufacturing for color tv

H. Barrio

Manufacturing televisions is a very large
and complex operation; so large that it is
impractical to manufacture the entire set at
one location. Accordingly, RCA has es-
tablished “feeder” plants that supply sub-
assemblies of the final television in-
struments. Juarez, Mexico, is the location
of such a feeder plant; it supplies very large
quantities of circuit boards and chassis for
the final assembly plant at Bloomington,
Ind.

This article shows how the Juarez plant
produces 6000 tv chassis each working day.

Hector Barrio, deflection module assembly
line, and automatic testing equipment.

Hector Barrio joined RCA Juarez in April
1969 as a process engineer and rapidly
advanced to Manager, Process Engineering
(April 1970); Manager, Manufacturing and
Plant Engineering (December 1970);
Manager, Manufacturing Engineering
(September 1972) and Manager, Manufac-
turing (April 1974).

Contact him at:

Manutacturing
Consumer Electronics
Juarez, Chihuahua, Mexico

Each day, RCA’s Juarez plant turns seven million
components into six thousand color tv chassis.

Specifically, it shows:

what is done to assure that only accep-
table parts find their way into the
assembly line;

how circuit boards are assembled and
tested;

how modules and chassis are manufac-
tured;

and finally, how the final products go
through exhaustive performance and
environmental testing prior to delivery
to the color television receiver assembly
plant in Bloomington.

The challenges of ever increasing quality
and decreasing cost create a demanding
environment for the manufacturing
engineer, who must keep right up with the
state of the art to meet the challenge.

What makes up a chassis?

A typical color tv chassis, the CTC-92, has
ten printed circuit boards—the kine driver,
screen control, sound, vertical, horizontal,
chroma, regulator, pix |1IF,
luminance/sync, and interconnect boards.
The first nine are modular, interchangeable
boards; the last is a mother board that
interconnects the others and provides a
base for most of them. Four of these boards
are shown in Fig. 1.

This chassis also has three wire-trap
boards. They consist of a perforated piece
of phenolic material holding several wire-
traps, where components and lead wires
are manually inserted and then soldered.

There are three other boards in a CTC-92
scan remote instrument: the tuner, tuner
control, and digital memory. The tuner
manufacturing process is somewhat
different from the one used for the rest of
the boards, but the other two boards are
produced by a process that is basically the
same as the one for the chassis boards.

Fig. 1

Each chassis contains approximately ten
circuit board modules; these four are
typical. Components on the boards range
from large discrete capacitors and resistors
to integrated circuits.

Checking incoming quality

The first step inany manufacturing process
must be the inspection of the raw material.
Incoming quality is particularly important
in manufacturing tv chassis because of the
massive number of chassis produced
(6000/day) and the large number of com-
ponents used (1200/chassis), requiring
around 7.2 million parts daily.

The Material Quality group inspects
materials ranging from acetone to Zener
diodes, making tests that range from sim-
ple ones for screws to the more complicated
testing of integrated circuits (Fig. 2). The
inspection is performed on a random-
sample basis per MIL-STD-105D. This
sampling procedure assures that a lot being
received contains no more than a
predetermined percentage of defective
parts, or acceptable quality level (AQL).
Currently, the AQLs used to inspect in-
coming material range from0.1% to 0.65%,
depending on the commodity; solid-state



devices, for example, are sampled to an
0.1% AQL, while capacitors are sampled to
0.25%. These levels of inspection are
predetermined by CE's Division Quality
Group.

Board assembly

The first step in making circuit boards is the
automatic insertion of components.

At the current time, the only components
being automatically inserted into the
printed circuit boards are resistors, disc
capacitors, diodes, bus wires, and some
stakes. These components account for 51%
of the total number of parts in the boards.
Two types of automatic-insertion equip-
ment are presently being used in the Juarez
plant: In-line and Variable Center Distance
(VCD).

The In-line equipment (Fig. 3) is an old
concept being displaced by the VCD type.
It consists basically of a number of in-
dividual heads (40-50) placed on a fixed
frame and a belt conveyor that syn-
chronously transports the boards from
station to station using mechanical locks
and micro-switches on each station.
Although the production rate on this type
of equipment is quite high (1075 boards per
hour) it has several disadvantages:

it requires an elaborate set-up each time
there is a model change;

it requires a large number of pallets for
each board; and

it caninsert only up to 50 components on
each board.

The Variable Center Distance equipment
(Fig. 4) is much more flexible. It has two
stationary heads, two x-y tables for in-
serting two boards simultaneously, and a
computer that controls the distance
between centers of the component to be
inserted, adjusting the inserting and
clinching mechanism for each component.
The rate for this machine varies with the
number of components inserted; forexam-
ple, 50-component boards can be inserted
at about 200 boards per hour.

Before inserting the components in the
VCD equipment, they must go through the
sequencer (Fig. 5), another piece of
computer-driven equipment that cuts the
components from their original reels and
then reels them again in the predetermined
sequence in which they will be inserted.
This sequence is checked in a sequence
verifier. If a part is missing from the

citizens.

this fast-paced facility.

CE’s Juarez plant—background

Established in 1968 as a feeder plant supplying components, subassemblies
and assemblies, Consumer Electronics’ Juarez plant moved to its present
location in 1969. The size of the operation has doubled in the last two years
and now covers over 300,000 square feet.

Close to 6000 people work at the plant, making it the largest employer in

Juarez. About 200 of the employees have engineering degrees. The plant is
staffed by Mexican nationals except for a staff of less than a dozen U.S.

Hector Barrio’s article describes the flow of some typical products through

Fig. 2

Incoming material is inspected automatical-
ly whenever possible. Instrument shown s a
transistor tester.

Fig. 3

Automatic insertion, the old way. The in-line
equipment shown here is quite fast.
However, because each station puts only
one component in one specific location,
changeovers to different boards are time-
consuming.
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inserting sequence, this machine stops and
its operator manually adds the missing part
before re-starting the machine.

The set-up in the VCD equipment is quite
simple, requiring only a change of the
board-holding plate, recalling the ap-
propriate program from the computer
memory, and replacing the reel of com-
ponents. Fora two-head machine, this may
take an operator 10 minutes, while a 50-
station changeover on the in-line equip-
ment may take two set-up men four hours.

Not only does the automatic insertion
equipment save labor, it also reduces the
possibility of operator-induced errors such
as mixed or missing parts. The repeatabili-
ty of the process yields parts that are cut
and clinched uniformly and, as the need for
lead cutting after soldering is eliminated,
eventually gives more reliable solder joints.

The remaining half of the components must
be assembled manually.

Manual board assembly takes place using
an in-line conveyor (Fig. 6). There, the
operator takes the components out of bins
and inserts them on the boards. When
insertion is complete, the operator pushesa
button and the boards move on to the next
station. Special precautions are taken on
the lines where modules containing in-
tegrated circuits are being produced.
Operators and equipment are grounded at
all times to prevent static electricity dis-
charges from damaging the 1Cs.

After all the components have been
assembled, the boards get soldered.

At the solder station, the boards first go
over the fluxer, where a thin film of mildly
activated rosin flux is applied to the
bottom of the boards. Then, an infrared
lamp preheats the boards and increases the
activity of the flux before the boards go
into a solder bath for 3-6 seconds. The
leads of those components not
automatically inserted are then manually
clipped when required. Afterclipping, they
go through a second flux-solder system and
finally over a rotary-brush cleaner that
removes any excess flux from the bottom
of the board.

Individual boards are inspected manually
and with automatic equipment.

The boards then go through the Manufac-
turing inspection, where a visual check
makes sure there are no missing parts, bad
soldered joints, or violations of the critical

Fig. 4

Automatic insertion, the new way. This
variable-center equipment puts all the com-
ponents onto a board from a sequentially set
up feeder tape. Although this computer-
driven equipment is not as fast as the older
equipment, it is much more flexible.

Fig. 6
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Fig. 5

Sequencer puts components onto reels in
the proper sequence for the variable-center
insertion equipment shown in Fig. 4. Also
computer-driven, this machine cuts the
components from their original teels and
reels them again in the proper sequence.
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In-line conveyor brings components to operator for manual insertion on boards that move
along conveyor in foreground. Ground strap on operator’s right arm protects ICs from static

discharges.

lead-dress specifications. Any defects
found are repaired and the board is sent to
the test area at the end of the line by means
of a belt conveyor.

The boards are tested electrically using
Automatic Test Equipment, or ATE, (Fig.
7). The test is very fast, and if the board is
rejected in one or more of the test
parameters, a printout indicates the tests

failed. (For a complete descriptionof ATE,
see the article by Ben Borman in this issue.)
Failed boards are sent for troubleshooting
and repair, then returned to test beforethey
are presented to the Quality Control in-
spector for approval.

At the end of each line there is a Quality
Control Station. The boards are ac-
cumulated into lots and a sample is taken



Fig. 7
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Automatic test equipment checks out finished circuit boards very rapidly. Testers can test
two boards independently. Display at top of cabinet gives commands to operators.
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Fig. 8

Finished chassis consists of three modules—deflection, signal, and power.

by the Quality inspector to an AQL of
0.4%. The sample is inspected for com-
pliance to the Engineering drawing,
specifications, and any workmanship
criteria that may be determined by CE's
Quality group.

The inspection consists of:

verifying that the correct parts or ap-
proved substitutions were used;

checking damaged components;

inspecting all soldered joints to assure
that all soldering specifications are met;
verifying critical lead dress of com-
ponents, where applicable;

making sure that all applicable Factory
Notices or Engineering Change Notices
have been followed; and

testing electrical performance.

If a lot is rejected, Manufacturing per-
sonnel must re-inspect it at 100% and then

submit it again for Quality Control inspec-
tion. The defects found by the Manufac-
turing inspectors and Quality inspectors
and testers are fed back to the operators
responsible on an hourly basis, and cor-
rective action discussed between Manufac-
turing and Quality personnel.

Chassis assembly

A chassls is made up of three major
assemblies: a deflection module, a signal
module, and a power module.

The three parts of the chassis are made
separately, then assembled into the chassis
unit (Fig. 8). The deflection module con-
tains all of the elements of the deflection
circuit of the chassis except the horizontal
and vertical modules, which are located in
the signal module. The components of the
deflection module are assembled to two
metal brackets on a chain conveyor (Fig.
9). Most of the operations on the assembly
line involve interconnecting the com-
ponents by means of lead wires that are
either crimped and soldered or, wherever
possible, wrapped with a wire-wrapping
gun around a stake or terminal. Because of
the high voltages encountered in this cir-
cuit, soldering is closely controlled to avoid
sharp points or excessive amounts of solder
that may cause arcing. Also, the dressing of
lead wires and components away from.
critical areas must be controlled, either by
the use of mechanical aids such as wire ties
or clips, or by manually dressing them.

The signal medule is assembled on a belt
conveyor (Fig. 10). Its metal frame holds
seven different modules and an dnter-
connect board; a large number of lead
wires connect the modules among
themselves or to components in the deflec-
tion or power modules. Because the large
number of wires produces the possibility of
wiring errors, a wiring tester verifies all
wire connections.

After a visual inspection on their respective
assembly lines, both the deflection and the
signal modules are tested using automatic
test equipment. Although all their boards
and modules had been previously tested
individually, sometimes the major
assemblies fail to pass one or more of the
test specifications. This redundancy in
testing significantly decreases the number
of failures found at the chassis or instru-
ment test stations.

The power module is assembled on the
same belt as the signal module and then
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Fig. 9

Fig. 10

Deflection modules are assembled on a chain conveyor; most of the Signal modules are assembled on a belt ccnveyor. Their metal
assembly work consists of interconnecting wires by crimping, frames hold seven smaller modules, an interconnect board, and

soldering, and wire-wrapping.

attached to it before being transferred by
an overhead conveyor to the final assembly
line. The same overhead conveyor also
transiers the deflection module to the final
assembly line, where the deflection and
signal modules are married into the chassis
base module. These modules are then
performance tested (Fig. 11) by attaching
the chassis externally to a specially adapted
CTC-92 instrument and ascertaining that:

all the customer and service controls
operate properly;

the chassis performs properly, done by
observing picture details and taking
pertinent electrical measurements; and

no intermittent connections are evident,
as determined by the “flashes when
tapped” test.

Also. the HEW shock-protection circuit is
exercised during the test. The last opera-
tion before packing the unit, after the final
quality inspection, is an AC-DC Hi-pot
test designed to detect potential consumer-
safety-related failures.

Checking outgoing quality

The quality of the chassis assemblies and of
the finished chassis is monitored by two
separate quality groups.

One group of inspectors is stationed at the
end of each line; they inspect the same

wiring.

Fig. 11
Performance testing is done by externally attaching the finished chassis to a specially
adapted tv set.



parameters as those indicated in the
assembly of boards. The sampling plan is
somewhat different from the one for
boards in that the assemblies or chassis are
not batched to draw the sample; instead, a
continuous sampling plan is used. This
inspection provides an immediate and ac-
curate indication of the quality of the
product being assembled. Whenever a
defect is detected, the information is fed
back to the line supervisor and group
leader responsible, to determine its cause
and avoid its being repeated.

The second quality group monitors the
quality of the finished chassis to certify that
it meets a predetermined AQL before it is
shipped to the instrument assembly plants.
Foran AQL of 2.5%, 20 units are inspected
out of each lot of 420 chassis; the lot is
rejected if two or more defects are found.
Because of the small sample size, this
inspection is very thorough; it covers all
soldered joints, damaged wires or parts,
critical lead dressing of components and
wires, verification of parts against drawing
list, mechanical dimensions, and electrical
performance. If a lot is rejected, manufac-
turing personnel reinspects and retests it
100% before submitting it again for ap-
proval.

Consumer Electronics performs environ-
mental and evaluation tests of final in-
struments and subassemblies as a standard
practice.

In compliance with this policy, the chassis
are subjected to humidity and life tests ona
sampling basis. For the humidity test, one
chassis per line per week is placed in a
chamber at a temperature of 100°F and
relative humidity of 959 for 24 hours. The
chassis is connected to an instrument and
its performance is evaluated before and
after the test.

The life test is designed to detect early life
failures, particularly those that may
become epidemic, to contain them before
the sets reach the consumer. There are
three levels of testing:

20 hr 20 chassis per line per day
100 hr 10 chassis per line per day
500 hr I chassis per line per day

The test is performed in a 90°F environ-
ment, at 130 volts AC, with the sets

operating in a two-hour-on/one-hour-off
cycle.

Since the chassis are shipped to the instru-
ment assembly plants, a “shake and drop”

test is performed to detect potential
damage that may be caused during
transportation and handling of the chassis
cartons. One carton (12 chassis) per shift is
placed on a shake table for one hour at one
“g", the carton is rotated 90° every 15
minutes. At the end of this test, the carton
is placed on a cart and allowed to slide 51.8
inches down a 10° ramp from a 9-inch
height against a wooden stop. After this
test, all 12 chassis are given a complete
inspection and any failures are investigated
by Manufacturing, Quality, and Resident

Engineering to determine if corrective ac-
tion is required.

Conclusicn

Making 6000 tv chassis a day is not easy;
making 6000 guality chassis a day is even
more difficult. Producing to high stan-
dards requires sophisticated assembly and
testing equipment; it also requires
manufacturing engineers who can work
with the new technology that goes with this
equipment.
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Profile of an engineer at CE’s Juarez piant

Ed. Note: Are engineers at RCA's intar-
national locations much ditferent from
their American counterparts? Yes and
no, it turns out. The engineer profiled
here, Jesus Parada, is fairly typical of

RCA Juarez’s engineering staff: he is
relatively young, well-educated, and is
keeping technically up to date.

il

In his childhood and youth, Jesus was a tinkerer who liked to build and fix
things like radios and cars, even though he had no engineer role models in
his family. His interests guided him in this direction and eventually into
engineering. He attended the elementary (6 years) and secondary (3 years)
schoolsin his home town of Parral (population 30,000), then spent two years
at the Chihuahua State University. His professional training was at the
Instituto Tecnologico y de estudios superiores de Monterrey, one of
Mexico's top engineering schools, where he graduated in electrical
engineering after four years in May of 1977. His final project was a two-
month assignment at HYLSA, a large metal sheet manufacturer.

Jesus Alfonso Parada

Shortly after graduating, Jesus joined RCA in Juarez where he has been
active as a test engineer. His responsibilities cover IC testers in the
production process; he is also developing hardware and software for
computer-based testing on new circuit boards scheduled for production.

Although with RCA less than two years, Jesus has already taken two CE
courses (C51 and C55) and two-week training sessions at Hewlett Packard
(Mountainview, Colorado) and Systemation Machines (Albany, New York).

In addition to thoroughly enjoying his work at the plant, which moves at a
hectic pace, Jesus pursues such hobbies as racquetball, jogging, and
instrumental music.
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Automatic testing—
the way to build a better tv chassis for less money

B.L. Borman

Color television recéivers represent a
mature technology. Recent performance
improvements have been evolutionary and
tend to occur in small incremental steps. A
revolutionary step-function improvement,
as occurred with the transition from black-
and-white to color, does not appear immi-
nent. Although many consumers perceive
significant performance differences among
models and manufacturers, there is also

Ben Borman is Manager of the Test
Technology Goup at Consumer Electronics.
He contributed significantly to the develop-
ment of the test system described in this
article, both in the overall system concept
and specific modules.

Contact him at:

Test Technology
Consumer Electronics
Indianapolis, Ind.

Ext. 5648

Defects must be found and weeded out of the manufacturing

process as early as possible, and automated testing can do
just that. It also is faster and eliminates subjective “educated
guesses” on the part of the test operator.

great concern about non-performance-
related factors. Thus it is understandable
that many consumers include price,
reliability, and styling among their primary
purchase criteria. Most manufacturers
therefore put a strong emphasis on
building better sets for less money.

Engineers at Consumer Electronics, work-
ing with RCA Laboratories, recently
developed and installed an automated test
system that has significantly reduced
manufacturing costs and improved
product quality. This system, which was
installed in RCA’s Taiwan and Juarez
plants during 1976, rapidly and precisely
tests television subassemblies before they
are shipped to the final assembly plant at
Bloomington, Ind. In this way, defects are
contained in the plant where they are made,
a system that is more cost-effective than
identifying and repairing defects in a fully
assembled chassis.

Beyond lower product cost and improved
quality, the data from precise, extensive
automatic testing has significantly im-
proved our ability to control and reduce
the level of in-process rejects. Because data
can now be matched, on a unit-by-unit
basis, against established test limits and
under precise computer control, test
profiles can be developed to show design
trends. Thus, product designs can be im-
proved to be less sensitive to process and
materials variations. Also, information on
workmanship and material rejects is
available in great detail in real time,
allowing such problems to be identified
and solved more rapidly.

System description
and advantages

The basic automatic testing concept
applies signal sources and measurement

devices under minicomputer control, to
perform rapid, precise, and complete tests
on the seven basic television modules:
chroma; sound; vertical, horizontal;
luminance; signal; and deflection.

Minimum operator intervention. This
system eliminates operator decisions and
thereby eliminates ambiguity in test results,
reduces human errors, and speeds the
testing procedure.

High throughput rate. Because this is a
production system, one measure of its
success is the time needed to testa unit. The
systems being used now have reduced the
testing time virtually to the settling time of
the circuits being tested or, where ad-
justments are needed, the dexterity of the
operator.

Information gathering . Statistical data on
each test parameter for each unit tested is
stored and used as product-design feed-
back and to show trends in workmanship
and materials.

Standardization. To reduce spares re-
quirements, to simplify training needs, and
to reduce costs, hardware and software
modules were developed to be applied
extensively throughout the system. Also,
off-the-shelf modules were used for signal
sources and measurement devices wherever
practicable.

The software is easy to modify. The UUT
(Unit Under Test) software is modular and
based on a FORTRAN-structured
language; certain changes, such as limits,
can be made on-site conversationally.

The FORTRAN method of operation has
a number of advantages. For one, it allows
self-executing test procedures, which allow
the system to operate faster than a conver-




sational system. FORTRAN also allows
unlimited algebraic and trigonometric
calculations (SQRT, SIN, COS, EXP,
etc.).

The software is relatively easy to follow.
This typical example of a FORTRAN
UUT language illustrates how the software
can select the desired stimulus, route the
stimulus selected to a specified test point,
and control the measurement system.

STEP 1: Apply the DC supply number |
(28 V) to test point number 6.
CALL DC (1,6)

STEP 2:Set the programmable
attenuator to 30 dB.
CALL ATTN (30)

STEP 3: Route the video signal to test
point number 8.
CALL VIDEO (8)

STEP 4:Measure test point 15, 20 us
after horizontal sync and set X equal to

the measured value.
CALL MEAS (15,20, H, X)

STEPS: Compare the measured value X
against test limit number 12.
CALL LIMIT (X, 12)

This software can direct the test-station
hardware to perform the desired functional
test automatically. The example also il-
lustrates the software’s flexibility; com-
mands could be inserted, deleted, or
modified easily to achieve the desired test.

Several modes of operation, other than the
normal production mode, are included in
the system to aid system maintenance and
verification.

What the system provides

The system provides the Engineering and
Quality departments with test data that
was previously not available, such as the
histogram shown in Fig. 1. This data is
comprehensive and virtually independent
of operator performance and interpreta-
tion. It is the basis for many technical
decisions involving day-to-day operation
in the factory. It shows:

incorrectly manufactured modules;

the effect of process changes;

drift in alignment sources and
procedures;

the effect of deviations in component
specifications on module performance;
changes in performance caused by
design change; and

What do users say?
Mr. Ben Borman:

Automatic Test Equipment is a program that | visualize as on-going and
endless in that development and capability will increase; however, it is
appropriate and timely to look at and recognize what has been ac-
complished to date specifically here at Juarez.

As a result of many groups’ efforts, but primarily the efforts of you and
your associates, the Juarez Plant is utilizing ATE on every application for
which it was projected to be utilized. Up time of the equipment is
satisfactory. Test results as measured by the instrument initial CAL index
are already better than any product we have ever built before. Engineering,
Manufacturing and Quality are obtaining statistical data that reports yieids,
fauits, etc., for corrective action on a daily per-shift basis.

The many personai sacrifices of your engineers and technicians both in
Indianapolis and here in Juarez are paying off now in the plants and will
impactdirectly on the market place when the new line isintroduced shortly.

In summary, the program is a success.

My congratulations to you and your group for a job well done and timely
executed.

Paul Belanger
Manufacturing Engineering

Juarez
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Fig. 1

Typical histogram output gives results at a glance. The asterisks define the upper and lower
limits for this test; the numbers in the columns are the percentages of the product that fall
within the windows of the specification (shown across the top of the form).
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Fig. 2
System |, the evaluation and test-program-development system, consists of a single
dedicated controller and seven individual module-function-testing units.

Master Signal
Controller Signal Vertical Horizontal Package
Stand Tester Tester Tester

Luminance Sound
Tester Tester

Fig. 3
System |l is tor productiontesting. Here, the
seven individual test stands have their own
controllers and signal sources. Each stand
a can test two modules independently at the
Deflection same time. This stand, the signal-package
Chroma Package unit, is also shown in block-diagram form in
Tester Tester Fig. 4.




slowly changing performance, which
becomes significant after several weeks.

Designing for ATE

A major effort toward putting the
automatic test equipment on-line was to
establish test requirements:

Which functions must be tested?
How many test are required?

What test limits must be established to
adequately test each module ona go/no-
go basis?

In general terms, the product had to be
redesigned to accommodate automated
testing. Objective specifications, capable of
machine interpretation, were developed
and test points were specified. Past manual
testing methods, for example, required the
operator to analyze various tv test
waveforms subjectively. When these sub-
jective analyses were translated to
specifications objectively measureable by
the automatic test equipment, the result
was a more thoroughly analyzed product.

Each test specification is complex (i.e.,
multiple measurements required and
calculations performed) and demands a
thorough analysis by the design and test
engineers. For high-volume production it

Table |

The number of tests and test specifications
is impressive, especially when one realizes
that the test time per module is essentially
the settling time for the circuit.

Number of Number
test points  of test
accessed specification
Deflection
package 32 50
Signal
package 34 78
Chroma 16 28
Sound 10 17
Luminance 16 35
Vertical 11 24
Horizontal 12 24

Table Il

Purchased off-the-shelf parts were used wherever possible in the automated equipment.

PRD frequency synthesizer

RCA modulator, Model CTM-I
+5. +15, =15 V Lambda power supply
+28 V Lambda power supply

0-40 V dual Lambda power supply
Tektronix 140 test signal generator
Burroughs display

PA printer

Dual 45 V power supply

0-120 V power supply

0-240 V power supply

Programmable attenuator

210 V power supply

+27 V power supply

Digital Input

Digital Outputs

Digital to Analog Converters
Analog 10 Digital Converter
Multiplexor for A/D Converter
Interrupt Interface Module
General Automation, Model 16/45
control system (including input/output)

is essential that specifications are con-
sidered for the overall receiver perfor-
mance criteria rather than the capability of
the individual circuit function. Table I
summarizes the number of test
specifications and test points accessed for
each circuit function.

The two systems

Two basic systems configurations were
developed. System I, shown in Fig. 2, is
used for quality control, engineering
evaluation, and test-program develop-
ment. It consists of a single, dedicated
controller, a master signal stand, and
individual units for each module function
1o be tested. One such system is located in
Indianapolis, and another in Juarez.

System 1, shown in Fig. 3, is the produc-
tion testing system. It consists of seven test
stands, each with its own controller and
signal sources. A block diagram of a typical
system is shown in Fig. 4. Each test stand
allows two units to be tested at the same
time, providing greater throughput.

The hardware

As mentioned previously, wherever possi-
ble, signal sources, measurement devices,
or control modules were purchased as off-
the-shelf items; Table 11 lists the modules
purchased for this system.

When no off-the-shelf components could
be found, the Test Technology group
developed special modules. A number of
these modules are shown in Fig. 4; all of
them are described below.

The deflection-pulse generator simulates
the horizontal and vertical rate pulses found
in the deflection circuits of the television

receiver.

This module provides four independent
outputs (two vertical and two horizontal
rate pulses) that are enabled by logic
signals. The low-voltage waveform from
the horizontal output is stepped up by a
small transformer near the unit under test.
All outputs are tolerant to faults in the unit
under test.

The phase-converter module measures the
phase relationships of the demodulated

chroma signals.

It works in conjunction with the chroma-
sources module, which provides the
special-purpose signals for this measure-
ment. An automatic level-shifting circuit
removes the dc component from the input,

and so allows “zero” crossings of the
demodulated signal to be detected more

accurately. The phase resolution is one
degree. The outputis a binary numberviaa
tri-state buffer.

The vaitage-controlled-oscillator module
frequency-response
measurements when used in conjunction

allows high-speed

with the 10-ns sampler.

This module contains two gateable, in-

dependent voltage-controlled oscillators;

one provides a sinusoidal output that is dc-

programmable from 40 kHz to 4 MHz.

When the gate is enabled, the sinewave
starts positive-going from zero, thus lock-

ing the outpur to line timing. Waveform
peaks are a function of frequency and line
timing, and so are readily measurable.
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Typical tester uses both purchased parts and RCA-designed modules. Testers were designed to be as modular as possible to
reduce cost, spares requirements, and training. This tester, the signal-package unit, essentially consists of the computerand its
associated software, the controller section, and testing interfaces for two units.

The frequency-counter module contains a
special-purpose counter circuit capable of
measuring signals common to tv systems.

Depending on the signal to be measured,
different counting techniques are used to
minimize the measurement time. For ex-
ample, the 3.58-MHz chroma-oscillator
signal is measured with 1-Hz resolution in
approximately 1 ms, whereas a con-
ventional counter might require 1 s for this
resolution. The module can also measure
pulsewidths with 50-ns resolution. The
output is a binary number via a tri-state
buffer.

The audio/split video module measures the
black-to-white video output at the kine
driver of the unit under test.

Although black level was available on a
full-line white signal at the back or front

porch of blanking, the whole blanking and
sync interval was not available at the kine
driver output of the unit under test because
of the width of the horizontal retrace
blanking. Therefore, a circuit was
developed to allow a programmable logic-
level signal of half black and half white
lines with the option to also have a split
field as well (all lines black during the first
half, and each line black-to-white during
the last half). This logic-level signal goes to
the 1.F. sources module to be translated to
video voltage levels and to be sent to the
1.F. modulator. Also, sound tests of distor-
tion and frequency response require two
audio frequencies to be modulated on the
sound carrier at a specified fm deviation.
The module generates the two frequencies,
programmable to three levels. All video
and audio outputs of this module to the
two halves of the test station are completely
independent.

The chroma-sources module provides
several logic-programmable  burst-to-
chrominance ratios.

The chrominance output may be either of
two distinct frequencies—3.53 MHz for
amplitude measurements and 3.56 MHz
for phase measurements. This module also
adds blanking and burst to acw signal from
an external frequency synthesizer.

The 10-ns waveform sampler is a practical
way to sample a full-field television test
signal with 10-ns resolution.

Very fast real-time sampling systems such
as those used for time-base correction
presented the problem of storing the
sampled data at a real-time rate.
Asynchronous sampling schemes available
were judged too slow to obtain a sufficient
number of samples. This 10-ns sampler
examines one point from each horizontal




line in a field and therefore can look at
approximately a 2.5-us segment of a video
waveform during each field. The sampler
also provides basic timing information for
the system sync generator so sampling is
synchronous with the video signal. Line-to-
line jitter is about 600 ps.

The sync generator module provides a com-
pact, inexpensive source of NTSC timing
signals.

Its unique capability to provide a precise
one-time phase transient on command
allows horizontal AFC loop measurements
(i.e., the 24th line of field 1 is 58.67 us). To
facilitate video measurements, the sync
generator is locked to a master oscillator in
the 10-ns sampler. Short-term stability is
Sx 107" parts per second and long-term is
1x 107" parts per year.

The audio measurements module is a multi-
purpose device.

It can measure both positive and negative
peak amplitudes of waveforms from dc to
40 kHz by using a fast closed-loop
integrating-type detector. It can also make
true rms measurements from 20 Hz to 40
kHz and can, under program control,
insert a 10-pole active high-pass filter with
a cutoff frequency of 700 Hz for measuring
distortion products of a 400-Hz signal. The
module has three programmable gains and
has an input impedance of | megohm.

Two basic types of power-supply
programmers were developed to control a
wide range of commercially available power

supplies.

If a supply must be “fully programmable,”
the programmer receives a dc voltage from
a D/A converter and supplies the gain
needed to generate the control voltage for
that particular power supply. The supply
can be set to any voltage within its range by
setting the D/A voltage. This type of
programming is currently being used in
various voltage ranges up to 200 V. The
second type, called a *step programmer,”
can set the supply to a voltage by switching
fixed resistors to the supply’s programming
input. Two control bits are used to select
one of four preset voltages. This type of
programmer is currently used for various
supply voltages from —40 to 250 V.

Three source modules provide signals
necessary for testing.

The luminance-sources module takes the
NTSC timing signals from the sync
generator and generates composite video

and a gate signal to enable the voltage-
controlled oscillator. A special feature is
that sync and pedestal levels are
programmed by a dc voltage input. (10V =
100 IRE units)

The audio-sources module provides a 4.5-
MHz signal for testing sound modules. It
permits program control of modulating
frequency and the deviation. The module
also contains ana.m. section for use ina.m.
rejection measurements.

The i.f. sources module was developed to
provide the test signals required at the
input to the i.f. module in the tv receiver.
Providing these test signals requires the
combining and processing of signals from a
variety of other sources.

In addition, the following boards were
designed because no commercial equip-
ment was available:

The Display Controller Board decodes bit
patterns for the Burroughs display, reject,
and accept lights. The Decoder Driver, one
logic board, decodes six bitsto 32 line relay
drivers. The Printer Interface, one board,
works with the decoded bit pattern logic of
the display controller board, interfacing
logic change for a Practical Automation
printer. The Frequency Control Board is a
latch for the frequency synthesizer unit,
needed for logic lines controlling more
than one device. The Auenuator Control
Board holds logic for the attenuator unit,
for logic lines controlling more than one
device.

For ease of service and for standardization,
these modules are used in many places
throughout the system. For example, the
10-ns waveform sampler is used in every
station except the Sound Module Tester.

Conclusion

This system performs functional tests of
television modules. It provides television
broadcast signals, customer functions, and
interface signals normally received from
other parts of a television receiver so that
the module will operate as it does in a
completed television instrument. This
assures that the module will perform
satisfactorily in a system environment
later, and that it will not become a “line
pull” somewhere downstream in the
manufacturing cycle.

Reprint RE-24-4-4
Final manuscript received September 27, 1978.
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CE'’s Quality Assurance Program
produces quality television sets

J.R. Smith|J.D. Eaton
H.E. Elrod|D.H. Slider

RCA'’s Consumer Electronics Division
manufactures products to the highest
practical standards of reliability and quali-
ty. These standards are established by
consumer acceptance and competition in
the marketplace. To ensure that the
product sold to the consumer is consistent
with these standards, Consumer Elec-
tronics follows a well-defined Quality
Assurance Program.

The four basic areas involved in this
program include: a system of checking the
quality of the incoming components and
tracking them through subassembly and
final assembly; specific factory quality-
control systems; and a final Consumer
Acceptance Laboratory separate from the
manufacturing operation.

Before

Purchased Material Quality
Assurance (PMQA)

Component quality and reliability failures
account for approximately 50% of the total

Before manufacturing starts, components must be tested for
quality and reliability. The flowchart for quality testing of semicon-
ductors, for example, involves about thirty steps. Although the
entire sequence is too lengthy to reproduce here, it contains
physical and electrical testing plus burn-in life testing. Some

A well-defined quality program is necessary to produce
televisions that the buying public will accept. This program
must test quality before, during, and after the manufacturing

process.

in-house and field failure rates, producing
an annual warranty cost of approximately
15% of the total cost of quality. Because of
this high cost, a significant part of the total
quality system is directed toward PMQA,
encompassing quality and reliability
allocations, vendor quality and reliability
requirements, Engineering and Manufac-
turing approval, incoming inspection, per-
formance tracking, and corrective action.

Each year numerical quality and reliability
requirements are established for the
finished product.

Once these requirements are established
for the instrument, the results are allocated
as quality and reliability requirements
down to the piece-part level. These re-
quirements can then be included in
purchase specifications and be used to
provide design requirements for portions
of the instrument against which design
progress can be checked. The basis used for
allocating the total instrument re-
quirements down to the piece-part levelis a
combination of experience, published in-

dustry and government data, supplier in-
puts, and mathematical techniques.

The quality and reliability requirements
resulting from the allocation process
described above are passed on to vendors.

RCA uses two specifications, QRSM-III-
A and QRSM-III-D, which are made a
part of material purchase contracts, to
make sure that its quality goals are met.

QRSM-I1I-A specifies the minimum quali-
ty and reliability systems requirements that
vendors supplying material to CE must
meet. Some of the major elements covered
in the specification are acceptable quality
levels (AQLs) for various categories of
material, inspection systems, corrective
action, and change control.

QRSM-III-D specifies the minimum
general reliability test requirements that
vendors must meet. Requirements for
selected parts are specified in supplements
to the general specification. Items covered
include test quantities, test conditions,

examples of this work are in these photos. From left to right: a
semiconductor probe station; scanning electron microscope dis-
play showing voltage contrast across IC metallization; operator
using scanning electron microscope.




frequency of tests, pre-conditioning of test
samples, action to be taken when failures
occur, failure analysis, reporting, and cor-
rective action.

Presently, the supplements to QRSM-III-
D are developed as an “add-on™ toexisting
purchasing contracts. A supplement
specification is first drafted by CE Quality
Assurance and transmitted to the ap-
propriate vendors for their review and
comments. The vendor is encouraged to
submit a counter-proposal that will satisfy
the basic requirements yet match his
physical capabilities and existing quality
and reliability system.

New material must be approved by both
Design Engineering and Manufacturing
Operations in the manufacturing facility
receiving the material.

These qualifying approvals are called the
“E” and “M” approvals, respectively. “E™
approval, usually performed during the
design and development cycle, assures that
the design of the material meets re-
quirements. For “M™ approval, performed
subsequent to “E” approval, the vendor
must submit material from a production
run using tools, processes, and materials
that will be used to supply production
quantities of material. Although Engineer-
ing is responsible for “E” approval, the
Component Reliability Laboratory (CRL)
within CE Division Quality Assurance
supports the “E” approval evaluation of
semiconductors.

Each CE manufacturing facility has a
Purchased Material Inspection (PMl!)group,
which is a part of the plant Quality Control
department.

The primary responsibility of PMI is to
assure that purchased material and
material received from other CE plants
complies with specifications and drawings.
The major elements of the PMI inspection
system are checklists, sampling plans, test
procedures, disposition of rejected
material, and record keeping.

Checklists serve as the basic work instruc-
tion for the material inspectors and usually
contain only the critical items in the
material specifications to make the process
cost-effective. The sampling plans used by
PMI are based on MIL-STD-105D, In-

Reprint RE-24-4-7
Final manuscript received August 10, 1978.

spection Level II. Some AQLs being used
presently are:

Part Type AQL
Resistors, capacitors, inductors 0.25%
Diodes, transistors 0.10%
Integrated circuits 0.25%
Major subassemblies 0.65%

This means, for example, that the average
percentage of defective resistors must be no
greater than 0.25%. Some 100% inspection
is being used also and is discussed later.

Jack Eaton has over seventeen years ex-
perience in Quality Assurance Engineering
on electronic systems for aerospace
vehicles, automotive products, and con-
sumer products. He is currently Manager,
Quality Systems and Procedures, and is
responsible for developing quality systems
within the Consumer Electronics Division.

Contact him at:
Quality Assurance, Consumer Electronics
Indianapolis, Ind. Ext. 5387

Hoyt Elrod has over fifteen years experience
in managing quality and reliability for
military, industrial, and commercial elec-
tronics equipment manufacturing. He is
currently Manager of Component Quality
Assurance, which includes the Component
Reliability Laboratory in Bloomington, with
responsibility for the quality and reliability
assurance of purchased solid-state devices
used by Consumer Electronics.

Contact him at:
Quality Assurance, Consumer Electronics
Indianapolis, Ind. Ext. 5385

Test procedures, unless specified in
material specifications, are developed by
each PMI group with the assistance of the
Plant Resident Engineering (the
design/factory liason) group. Rejected
material is usually returned to the supplier,
but if it is needed to support production,
then a Material Review Board decides if
the material can be reworked or sorted.
PMI maintains the inspection results for
each lot of material by part number and
vendor. These records, usually referred to
as “Vendor History File,” are then used to

Don Slider joined RCA/CE in 1967 as a
Quality Assurance Engineer and has been
responsible for data collection, analysis,
and problem-solution tracking since that
time. During that period he has participated
in data-gathering systems development for
manufacturing and field-performance
evaluation. He is presently responsible for
Quality Assurance Administration for the
Consumer Electronics Division.

Contact him at:
Quality Assurance, Consumer Electronics
Indianapolis, lnd. Ext. 5382

Jim Smith has twenty-eight years of ex-
perience in ail aspects of Quality Control,
Quality Assurance, and Reliability in CE and
DEP. He is currently Manager, Division
Quality Assurance.

Contact him at:
Quality Assurance, Consumer Electronics
Indianapolis, Ind. Ext. 5388

Scrutinizinga CTC-87Atv chassis are, left to right: Smith (seated), Elrod, Slider, and Eaton.
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determine if skip-lot, reduced, normal, or
tightened inspection is warranted.

During the first quarter of 1978, CE began
to manufacture a new tv chassis using a
new (to CE) manufacturing process. The
incoming material inspection procedure
for supporting this manufacturing process
is to 100%-inspect all material where
practical. CE has been nearly 100%
successful in the area of electronic com-
ponents, such as resistors, capacitors,
diodes, transistors and integrated circuits.
The 100% semiconductor inspection in-
cludes 100% preconditioning before elec-
trical test: the preconditioning consists of a
24-hour 125°C bake followed by 10 air-to-
air temperature cycles of —55°C to
+125°C.

During

Performance tracking,
evaluation, and
corrective action

The performance of purchased material is
measured at PMI, through the entire
manufacturing process, and in the final
instrument.

The following five data systems make this
performance tracking possible.

Vendor Rating. This data system uses
the PMI inspection results from every
CE plant as its inputs. The monthly and
quarterly reports generated from this
data base rate the quality performance of
each vendor supplying material to CE.
Awards for excellence are given quarter-
ly to selected vendors. Vendors whose
performance is not satisfactory are also
identified, and then requested to initiate
quality improvement programs.

Appraisal Material Purchase Systems
(AMPS). The data from this system
provides a detailed breakdown of vendor
quality performance for each plant by
part number, vendor, percentage
defective, and the major categories of
defects found at incoming inspection.
An analysis of the data for a problem
vendor provides the basis for corrective
action by the vendor.

Defects Reporting System (DRS). This
data system accumulates trouble-
shooting (diagnostic) data of factory
process failures by chassis type listing
cause and symptom defects. This data is
evaluated for the possibility of im-
proving material specifications, part

application, PMI inspection, or the ven-
dor’s part design or manufacturing
process.

Solid State Performance Report. This
report identifies monthly usage and in-
process failures for line-reject solid-state
parts by part number and vendor. The
analysis of the data in this report com-
pares vendors supplying parts to the
same specification, shows overall vendor
performance, and gives performance
trends.

Consumer  Acceptance  Laboratory
(CAL) Reports. Reports from this
laboratory (the details of CAL are dis-
cussed later) indicate the actual perfor-
mance of finished product. The data are
analyzed daily, weekly, and monthly to
detect catastrophic oracute failure-trend
patterns and provide input to corrective-
action systems.

Results from the data systems outlined
above trigger investigations and analyses
followed by corrective action by the vendor
and/or CE. Later sets of results are then
used to measure the effectiveness of the
corrective action.

Solid-state devices may require special
reliability tests and physics-of-failure
analyses to be performed by the Compo-
nent Reliability Laboratory (CRL) within
Quality Assurance. CRL can, if required,
do die probing and perform microscopic
examinations with the aid of a scanning
electron microscope. Special accelerated
life tests can also be performed in order to
verify the effectiveness of certain screening
techniques that may be proposed to im-
prove the reliability performance of devices
under investigation.

After
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