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White Alice, a new beyond-horizon radio

communication system in Alaska, makes it

possible for lonely far north outposts to

telephone New York or Washington. Ameri-

ca’s last frontier is now spanned by a
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ALICE

for Alaskan Outposts

-

In March 1958 modern telephone communica-
tion spanned the entire territory of Alaska for
the first time. It is now possible, with the sys-
tem called “White Alice,” to pick up a telephone
in Fairbanks or Anchorage, or, almost as easily,
one in New York or Washington, and talk to a
salmon fisherman in King Salmon, an Eskimo
missionary in Unalakleet, a jade mine operator
in Kotzebue or a U. S. Air Force aircraft control
and warning officer in the lonely DEW Line out-
post at Cape Lisburne. You can be connected to
our outposts of civilization on Cape Prince of
Wales where on a good day it is possible to see
Siberia, only 56 miles away.

White Alice’s most important job is bringing
early aircraft warning information back from
the DEW Line and Alaskan warning stations to
the Alaskan Air Command headquarters and the
North American Air Defense (NORAD) instal-
lations in Canada and the United States. In ad-
dition new and interesting uses for White Alice
circuits are constantly being devised.

White Alice is the largest communication sys-
tem to rely on the comparatively new beyond-
horizon mode of radio propagation, comprising
3000 route miles of telephone and telegraph cir-
cuits. Incidentally, the name has no particular
meaning. It is an arbitrary code name dreamed
up by the Air Force at the start of the project.

White Alice began in 1954 when the Depart-
ment of Defense, realizing that a reliable com-
munication system was needed to connect all the
new military installations in Alaska, asked the
Long Lines Department of the A.T.&T. Co. to
study the problem. At that time, communica-
tions by means of HF and VHF radio and a few
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wire systems were rudimentary. The new net-
work, therefore, was to be an integrated sys-
tem to serve the needs of all agencies operating
in Alaska. These included the military installa-
tions, air-traffic and weather networks operated
by the Civil Aeronautics Administration, and
civilian services furnished by Alaska Communi-
cation Service (Signal Corps).

It was estimated that current needs and future
growth would require an extensive network with
cross sections of several hundred voice channels
for the backbone routes tapering off to a group
of 12 channels at the extremities. Some of these
channels should be further multiplexed with car-
rier telegraph to provide ‘“teletypewriter” serv-
ice. Many of the voice channels would be for
full-talk military service, aircraft dispatching,
and weather information; the remainder could
be switched to provide long-distance telegraph
service.

At the time the White Alice plan began to
take shape, a new mode of radio propagation
(as shown in the drawing on page 281) was
being explored. By this method, often called
tropospheric scatter, radio frequencies in the
VHF, UHF, and SHF can be transmitted with
high reliability to distances well beyond the
horizon (RECORD, February 1956; June 1952).
It is particularly suited for communication sys-
tems where it is desired to cover distances of
100 to 200 miles without intermediate repeaters.

Bell Telephone Laboratories had been study-
ing this mode of radio propagation since the late
1940’s and other groups, notably Lincoln Labora-
tory at Massachusetts Institute of Technology
and the National Bureau of Standards, had re-
cently entered the field. As a result of the Lab-
oratories’ work on this subject, recommenda-
tions were made to the Department of Defense
concerning the potentialities of beyond-horizon
radio propagation. It was felt that its capabili-
ties would be particularly valuable in providing
reliable long-distance communications to mili-
tary establishments in sparsely populated regions
where terrain and climate are severe.

At this time the U. S. Air Force needed a
reliable communication system for its wide-
spread stations on the northeastern edge of the
North American continent; in 1953 it contracted
for two studies of beyond-horizon radio propa-
gation. Western Electric Company was the con-
tractor for both. One was to be carried out
along the northern coast of Alaska and Canada
in connection with the trial stations of the DEW
Line. The second propagation study was sub-
contracted by Bell Telephone Laboratories to the
Bell Telephone Company of Canada in connec-
tion with a proposed communications system
along the eastern coast of Newfoundland. The
object of both studies was the same: to deter-
mine the effects of weather, terrain, and radio
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A typical White Alice station at Kotzebue, 30
miles above the Arctic Circle. At left are a 60-ft.
and a 30-ft. antenna. Not shown are the tiwo an-
tennas for reception from the opposite direction.

For the beyond-horizon radio links, new de-
signs were required for almost all of the com-
ponents — including radio equipment, antennas,
and hardware for transmission lines, dummy
loads, and radio-frequency filters.

The channelizing equipment used with both
the microwave and beyond-horizon systems was
a combination of type L1 and type K carrier fre-
quency telephone terminals. Some technical
modifications and repackaging were required to
adapt this equipment for White Alice.

The White Alice circuits were engineered by
the Laboratories on the same basis as Bell Sys-
tem long-haul trunk circuits when these are fur-
nished by radio. The over-all objective for noise
on a trunk is 38 dba* at zero-db transmission
level or 29 dba at -9-db transmission level. This
represents the noise from all sources, observed
at the terminal of a long circuit, which may be
exceeded 50 per cent of the time during the
month when propagation is poorest. Another
consideration is that the radio system must be
engineered so that noise peaks produced by fad-
ing should break the circuits only a small per-
centage of the time.

The message-channel noise objective, shown
as a probability curve, indicates that the noise
may exceed 38 dba at reference transmission

* The dba is an electrical noise unit referred to a
1000-cycle sine-wave power 83 db below one mw,

level about 50 per cent of the time, while it can
be expected to exceed this value substantially
for only a small percentage of the time. Noise
as high as 49 dba should be observed no more
than one per cent of the time during the worst
month. This is illustrated in the graph below.

The 38 dba median noise objective is for a
multilink system of several thousand miles. Thus,
each path must be much better insofar as noise
is concerned so that, when all are connected, the
over-all objective will be met.

The first step in engineering White Alice
communications links was to establish path
losses that would be compatible with the trans-
mission objectives. For microwave systems, the
methods for doing this were well established,
but much less was known about beyond-horizon
radio transmission. However, the variations in
transmission were fairly well understood, for
hourly medians in db have a normal distribution
in time; rapid fading, characteristic of tropo-
spheric beyond-horizon propagation, in general,
has an envelope or “Rayleigh” distribution. With
these facts it was determined that a median path
loss of 204 db annually would satisfy the trans-
mission objective with 10-kilowatt transmitters
and 60-foot parabolic antennas. These choices
of equipment appeared to be feasible at that
time in the 750-950-mc RF band chosen.

Another method of radio transmission be-
tween two stations beyond line-of-sight ranges
was found especially useful in White Alice; this
is known as ‘“knife-edge” diffraction. It turns
out that the diffraction over an obstacle between
the two stations, visible from both, produces a
signal which is appreciably better than that pro-
duced by reflections from the atmosphere alone.
The high mountain peaks that abound in Alaska
offered many such paths, and about one half
of the White Alice links are of this type.

From existing maps engineering estimates
were made of all the paths, and suitable sites
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The message-channel notse objective used in engi-
neering the White Alice system during worst
month. The noise may exceed 38 dba at reference
transmission level about 50 per cent of the time.
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were tentatively selected. The inaccuracies of
maps, however, and some of the empirical meth-
ods used in estimating the path losses, made
it desirable to test the paths of all the routes.
Frequently, several sites were tried until a fa-
vorable one was located. It was especially diffi-
cult to find sites where transmission in 3 or 4
directions was required. In several cases, the
station was finally located on top of a mountain
to meet such requirements.

“Dual space diversity reception” was decided
upon to minimize the effects of rapid fading. The
propagation tests had indicated that fades on
two antennas spaced 200 feet apart would in gen-
eral be uncorrelated. To make use of this fact,
receivers are connected to the two antennas, and
their outputs, after detection, are combined so
that the one having the least noise is predomi-
nant. A typical White Alice station at Kotzebue,
30 miles above the Arctic Circle, is pictured on
page 282. Two 60-foot antennas for use in one
direction and two 30-foot antennas for the oppo-
site direction are used; radio and terminal equip-
ment are housed in the white building.

The most reliable equipment was necessary
to be consistent with the high standards of trans-

H. A. Wenk (left) and F. E. Willson survey the
field intensity before 60-foot parabolic beyond-
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mission reliability engineered into the system.
Where possible commercially available equip-
ment was used. Perhaps 25 per cent was of the
Standard Bell System type such as TD2 micro-
wave; types K and L carrier terminal equipment
and type 43A1 carrier telegraph equipment were
also included. The remaining 75 per cent, con-
sisting of such items as diesel engine generators,
beyond-horizon radio equipment, antennas and
transmission lines, was obtained from more
than eight hundred suppliers. In some cases,
such as beyond-horizon radio and antennas, new
designs were required to meet requirements.
The interior of Alaska is still very much a
frontier. Anchorage and Fairbanks can be reach-
ed by road, but most of the area depends on air
transportation for almost everything; truly the
airplane has been the covered wagon of the
north. A modern reliable communication system
will be of great value to the airmen of Alaska
as well as to all its other users. White Alice
should be a significant influence in the develop-
ment of this last frontier; by spanning the 3000
route miles of Arctic wilderness it will bring
people together and be a major factor in the
fulfillment of the destiny of our newest state.

horizon antennas at the Neklasson Lake Station
of the White Alice system near Wasilla, Alaska.




Various engineering and economic adrvan-
tages could result from All-Numeral
Dialing (AND), but is AND acceptable

to the telephone user? At Bell Labora-
lories, preliminary experiments in 1954
suggested that, contrary to general ex-
pectation, telephone customers might
actually prefer an AND system, and

might dial faster and more accurately.

J. E. Karlin

ALL-NUMERAL DIALING-
WOULD USERS LIKE IT?

When a new item of telephone equipment is
designed at Bell Laboratories, its technical as-
pects are put to an exhaustive series of tests
before it is placed in the hands of the customer
or of a Telephone Company employee. Character-
istically, a new item is thoroughly tested in the
laboratory and later is used in a field trial before
it is recommended for general use. In this way,
the Bell System guards against unforeseen cir-
cumstances which could lead to costly failures.

It has long been recognized, of course, that
other factors besides those of a purely technical
nature help to determine the success or failure
of a new design. Specifically, since all equipment
is at one point or another used, installed, or
maintained by human beings, the Bell System
has always considered the preferences and per-
formance of users as one of the crucial groups of
facts to be determined in any extensive trial of
telephone equipment.

As outlined in a previous article (RECORD, May,
1954), Bell Laboratories makes an organized ef-
fort to study user characteristics, and this raises
the question as to how effectively human factors
important in the telephone situation can be
measured under laboratory conditions with Lab-
oratories employees as test subjects. Clearly, both
the “users” and the conditions may, in any given
instance, vary widely from their counterparts in
a real residence or business telephone situation.
The value of human-factors testing, however, is

seen by drawing an analogy with engineering
testing. Large-scale field trials of equipment are
expensive and are never undertaken unless tech-
nical facts determinable in the laboratory are
known. A field trial could also be an inconveni-
ence to customers if a major technical fault were
found, and this is another reason that laboratory
testing, even if it cannot uncover all the facts,
ensures that the more inclusive trials under actual
field conditions are worth their expense and ef-
fort. The same is true of human-factors testing.
Much information can be accumulated in the
laboratory, and this information is of great
value in the subsequent steps in the process by
which a laboratory idea becomes a reality of the
telephone industry.

These observations about users and the extent
to which their preferences and performance can
be determined in the laboratory are illustrated
by some recent studies of all-numeral dialing.
All-numeral dialing, or AND, involves the use of
numerals in place of the office-name letters of
the present letter-numeral dialing or LND sys-
tem. For instance, the office letters UN of the
telephone number UNiversity 4-5271 would be
replaced by their numeral equivalents on the
telephone dial to result in the AND number 864-
5271. The telephone dial would thus contain only
the digits 1-9 and zero, and the telephone direc-
tory would list all numbers by numerals alone.

AND offers certain advantages, some of them
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Telephone numbers can be found with less effort
becanse of uncluttered face of all-numeral dial.

rather obvious and some perhaps less so. AND
eliminates the confusion between “oh” (letter O)
and “oh” (number zero), and also between “l”
and “1”’—features that are especially important
for direct-distance dialing of long-distance calls,
in which the second digit is always a “zero” or
a “one”. In addition, the space saved by deleting
letter designations would be advantageous in
looking ahead to possible designs of pushbutton
telephone sets: one number on a small button
would be read more easily than three letters and
one number. Similarly, elimination of letters
would be helpful in any future reduction in size
of the present telephone and dial, for example
in the “dial-in-handset” where the dial is placed
around the transmitter.

One other advantage of AND has to do with
international dialing. In anticipation of the
time when we may see dialing of calls to other
countries, AND would simplify international

C. F. Mattke (left) and the
author discussing aspects
of dials as they relate to use
with all-numeral dialing.
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dialing codes, since foreign telephones frequent-
ly have the letters in different finger-holes. As
desirable as these advantages might be, however,
they are secondary to the fundamental question
of the acceptability of AND to customers, and it
was to this question that the Laboratories experi-
ments were directed.

In a matter such as this, we would all tend to
have our own opinions as to whether AND would
be good, bad, or indifferent. In fact, the most
common reaction is that AND would not work,
and the principal objections expressed are that
AND numbers would be hard to dial and to
remember. Specifically, four issues are involved.
With AND, would telephone users dial numbers
faster, slower, or at the same speed? Would
dialing be more or less accurate? Are AND
numbers actually harder to remember? And, be-
vond other considerations, would customers like
the AND system?

All-numeral dialing has from time to time
been considered by people at the Laboratories
and by many others in the Bell System, and a
number of limited but valuable investigations
have been carried out. The present investigation,
carried out in 1954 and 1955 by the Human Fac-
tors Engineering Group at the Laboratories, was
intended to be more comprehensive and to carry
the laboratory type of study as far as it could
go. Four separate experiments were conducted,
and it will be seen that they proceeded in a pro-
gressive order, each growing out of the previous
results and attempting to answer a new phase of
the problem.

The first experiment was designed to simulate
the dialing aspects of a cutover from LND to
AND and to determine users’ reactions to it.




Nine employees of Bell Laboratories were se-
lected for the experiment, and care was taken
that insofar as possible, these employees were
more nearly representative of the range of tele-
phone users than other employees who might have
specialized interests in techniques of using the
telephone instrument. Each person was asked to
go to a special test room once a day for 22 days,
and while in the test room place a list of calls.
The list consisted of names of people and places
to call, rather than numbers. For the first 10 of
these 22 days, each person used the regular
Manhattan Telephone Directory to look up LND
numbers and place the calls. For the other 12
days the Manhattan Directory was so modified
that the number found appeared on the page in
its AND form, and the person placing the calls
had to use a telephone with an all-numeral dial.
In such Laboratory experiments, it has been
found that dialing speeds and errors are quite
close to the values observed in the field.

The calls actually terminated in a nearby
room and were answered by the experimenter.
“Busy’s” and “Don’t Answer’s” were introduced
with appropriate frequencies; these calls were
repeated until successful. Mechanical aspects of
dialing that could be observed from the receiving
end — such as dialing speed and dialing ac-
curacy — were measured and tabulated. To re-
duce the “guinea pig” effect to a minimum, there
was no contact between the user and experimen-
ter until the entire experiment was finished, at
which time each user was interviewed.

What were the results of this experiment? It
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Laboratories experiments in all-numeral dialing.
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When wine Laboratories users were “cut over”
to AND, their dialing performance improved.

was found that AND was about 10 per cent
faster (see the graph onm this page) and also
was slightly more accurate than LND. Five of
the nine users preferred AND and four thought
both systems equally acceptable. All nine, how-
ever, strongly preferred AND once a number
was fixed in mind, for the reason that it was
easier to place the call using the large, unclut-
tered symbols of the AND dial. All nine felt that
it was just as easy to memorize AND numbers
long enough to dial.

It turned out, however, that this experiment
fell short of realistic dialing in one respect: with
a telephone directory always at hand, users had
little incentive to memorize the AND numbers,
even though certain of these numbers were dialed
every day. In fact it was known that users in
this first experiment almost never dialed from
memory, because the times between successive
calls from the lists clearly indicated that users
consistently consulted the directory.

The second experiment was therefore conduct-
ed in a different manner. A second group of nine
employees was selected. Each was a resident of
Manhattan who, in his or her normal LND tele-
phoning, had already memorized several fre-
quently-called numbers. Instead of dialing from
a test room, each user placed calls from his own
desk. He was given a specially prepared direc-
tory page containing both his memorized num-
bers and many unfamiliar ones. Each day the
experimenter called the user at his desk and
asked him to place a certain series of calls. For
three days all numbers were in LND form and
for 16 or more days were in AND form.

As before, all calls terminated in the same
Laboratories building, and dialing performance
was measured. In this case, the user had an in-
centive (but was not instructed) to rememorize
familiar numbers in their new AND form.
Whether he rememorized them at all, and if so,
how rapidly and how completely, was observed
by the experimenter.

Of the nine users in the second experiment,
eight found AND as acceptable as LND, but one
expressed a general dislike of AND. Dialing
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speed and accuracy were again superior, and
within the month following cutover to AND, six
of the nine had rememorized all the numbers
they had previously dialed from memotry with
LND, and two felt that they could memorize all
their numbers given more time.

In both of these two experiments, it was ditfi-
cult to isolate memory difficulties from dialing
errors; when a wrong number was dialed, it was
not always possible to tell whether the subject
had memorized incorrectly or had merely made
a mistake in dialing. The third experiment was
therefore designed as a straight “memory test,”
with no actual dialing of calls. One hundred em-
ployees were involved in this experiment, fifty
being tested for ability to memorize unfamiliar
LND numbers and fifty for their ability to mem-
orize the equivalent AND numbers. The experi-
menter called each person at his desk and gave
him a number. If the person were in the LND
group, for example, he might be told that “The
Sears Roebuck number is Foxeroft 9-2675.”
Similarly, another person in the AND group
would be told that “The Sears Roebuck number
is 369-2675.” (All numbers were made up spe-
cially for the experiment and were therefore
equally unfamiliar to all participants.) The ex-
perimenter then called back daily to ask what
the number was. If the person had forgotten it,
he was given it again on consecutive days until
he succeeded in memorizing it. When he had
memorized it he was given a second number,
and when he had memorized bhot/) numbers he
was given a third. This test of long-term memory
ended when all three numbers were memorized.

In addition to these daily calls, the experi-
menter tested short-term memnory by sometimes

FOR 50 PEOPLE USING LND
FOR 50 PEOPLE USING AND

EACH POINT REPRESENTS
10 DIFFERENT PEOPLE

PER CENT OF PEOPLE WHO REMEMBER NUMBER

0 2 4 6 8 10 12 14 16
t MINUTES LATER

After using a new telephone number, people at
the Laboratories remembered all-numeral num-
bers about as well as letter-numeral numbers.
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calling back soon after a number was given, to
determine whether the person remembered it.
The situation was such that he was not expect-
ing to be called back. This short-term mem-
ory is the type used in going from a directory
to a dial; it was tested in this fashion over a
range up to fifteen minutes.

As indicated in the graph on this page, the
experiment showed that it was just as easy to
remember AND numbers for short periods of
time as it is for LND numbers. This experiment
also demonstrated, however, that it takes a little
longer to memorize AND numbers for greater
periods of time. In quantitative terms, if a per-
son dials an LND number once each day and
succeeds in memorizing it on the third day, he
would on the average require about one extra day
to memorize the equivalent AND number. The
importance of this aspect of AND dialing of
course depends partially upon how much memory
is involved in real telephone situations, and it
should therefore be noted that the average tele-
phone user “permanently” memorizes only about
four or five numbers.

The three studies yielded rather definite re-
sults, but there could always remain some doubt
about their value because of the possibility that
user dialing in real homes would be different
from employee dialing under laboratory condi-
tions. The final experiment was therefore con-
ducted in the homes of telephone users. Seventy-
three Laboratories employees and relatives of
employees participated in the test. About
half were in New York City and half in various
small towns in New Jersey. In each home, tele-
phone numbers in the ready-reference directory
were changed to the equivalent AND forms, an
all-numeral dial was put on the telephone, and
a “‘card translator” for converting LND to AND
numbers was supplied (ABC — 2, DEF — 3,
ete.). The participants then used AND for ten
weeks, and their reactions to it were determined
at various times during the trial.

The results of this home experiment were not
as objectively measurable as in the previous
three in the laboratory, but they nevertheless
were of great value because this experiment ap-
proached most nearly to an actual AND cutover.
Of the 73 users, 31 preferred AND, 17 found
AND and LND equally acceptable, and 24 pre-
ferred LND. Of the 24 who preferred LND, only
8 felt strongly about retaining it. The reasons
given were chiefly the reluctance to change from
the LND habits acquired over many years, and
the difficulty of discussing telephone informa-
tion when evervbody around them was still using
LND. Of the 73 users, 58 stated that they found
no difference between memorizing AND and
LND numbers, and no one felt that remembering
numbers would be a serious handicap. There was
little difference in reaction between users in small



towns and those users who live in New York City.

It should be noted that in this experiment, and
to a certain extent in experiments 1 and 2, cer-
tain factors tended to make the test AND cut-
overs more troublesome to the user than they
would be in actual practice. Since it is imprac-
ticable in laboratory experiments to reprint en-
tire telephone directories, users had to depend
on modified directories, typed “directory” pages,
or, in experiment 4, on card translators for de-
termining AND numbers. Second, users were
dialing AND numbers in an isolated environ-
ment. That is, unlike a real AND cutover where
a whole community would be involved, test
users were subjected to AND while everyone
else was dialing LND. This meant that an AND
user could not discuss telephone information with
his neighbor; for example, he could not give
anybody his home number without first mentally
translating it back to LND. It was therefore
felt that these disadvantages would tend to act
as a conservative factor in the final results.

How helpful are the results of such laboratory
experiments on human beings for predicting field
results? On the basis of Laboratory results alone,
ho one can say definitely that telephone users
would surely accept or reject AND. On the other
hand, one can see that when more extensive field
trials are conducted, the preliminary laboratory
results will be of great value in deciding how to
conduct the trials and what facts to determine.

The most one would want to say at this point
is that with AND, dialing speed should increase
and the error rate should be about the same or
slightly lower. There should be little strong
feeling against AND, and there is a good chance
that it would be widely accepted. With field
trials,* it will be possible to compare the results
with those obtained in the laboratory. A study
of any discrepancies should be helpful in im-
proving laboratory testing methods.

* The foregoing analysis was prepared prior to a
field trial of AND which was begun in Wichita Falls,
Texas, in January of this year. On the basis of the
first three months of this trial, indications are that
AND performance compares quite favorably with
LND. This seems to verify some of the conclusions
reached as a result of laboratory studies. It should
be emphasized, however, that the Wichita Falls num-
bering change is a trial only, and that the Bell Sys-
tem has reached no conclusion that a change in
present numbering is desirable. Wichita Falls re-
sults are still under study, and substantial advan-
tages must be demonstrated to justify a change in
numbering for millions of our customers. If such
advantages seem indicated when Wichita Falls
studies are complete, other more stringent trials of
the all-numeral type of numbering plan would have
to be undertaken in larger cities before any firm
conclusions could be drawn. Many factors outside
the scope of this article are involved in numbering
plans and dialing procedures. If AND comes at all,
its adoption is obviously a long way off.

F. J. Biondi

Cleaning Electro:

The technology of designing and building elec-
tronic devices such as electron tubes and tran-
sistors has developed rapidly during the past
decade or two. With this development, consid-
erable technological emphasis has shifted from
studies of the intrinsic properties of the materi-
als used, to studies of the environments in which
they must operate. The life and reliability of
many electronic devices now appear to be more
dependent on the contaminating influences of
the impurities associated with the materials of
construction than on the inherent behavior of
the materials themselves.

For some time now, the Bell Telephone Lab-
oratories Electronic Materials and Process De-
velopment Department has been evolving new
techniques to determine the presence and in-
fluence of electronic device contaminants together
with processes to reduce their level. Many mem-
bers of this Department have contributed new
processes and testing procedures, and members
of the Electronic Device Development Depart-
ments have cooperated in their evaluation. It is
the aim of this article to present the coordinated
story of this teamwork in a broad but abbreviated
manner. Under these circumstances credits to
individual contributors cannot be given, but
those interested in more detailed descriptions of
the tests and processes are referred to the tech-
nical literature where the detailed presentation
will shortly be available.

Undesirable contaminants have been divided
into the following five groups: (1) physical con-
taminants such as dust, lint, and minute metal
fragments; (2) ionic contaminants, which are
generally water-soluble acid or plating residues;
(3) contaminants which are soluble in solvents
other than water, principally mineral greases
and oils; (4) chemically combined contaminants
such as polar organic materials, oxides, sulfides,
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and (5) gaseous contaminants that may be ad-
sorbed, absorbed or generated within the device.

The cleaning problem was separated into two
parts: first, the development of simple tests to
measure the degree of contamination present,
and second the development of suitable techniques
to eliminate or materially reduce the level of
contamination.

In the past, such phrases as, ‘“wash thorough-
ly” or “maintain clean” were used, but for pres-
ent purposes these have been found to be inade-
quate. Test procedures of known reliability have
been developed which are, where possible, non-
subjective in nature. Our object has been to
eliminate perscnal judgment and the need for
special aptitudes and skills to carry out decon-
tamination procedures.

In our study of physical contaminants, it was
discovered that the presence of dust on the com-
ponents of modern electronic devices has three
principal effects. First, some particles are large
enough to bridge the close spacings, and thus
provide leakage paths between parts. Second,
many particles decompose to yield gaseous or
other end products whose presence is deleterious.
Finally the finer particles have surface areas so
large that they are best described in terms of
acres per gram. Many unwanted gases and chem-
icals are adsorbed on these immense areas.

With dust and lint, our first problem was to
determine how to measure the size and amount
present, and then to make changes in air filter-
ing and treating procedures to supply electronic
device assembly areas with the cleanest air possi-
ble with available commercial equipment. The
next problem was to determine the contribution
made by people or their operations to the dust-
lint level in an area, and to devise means for re-
ducing these contributions. Finally, efforts were
made to demonstrate that all this effort was
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In the past, useful performance of elec-
tronic devices depended on choice of
materials and accurate localion of in-
dividual parts. Research has reduced

these limiting factors and revealed an-
other: contamination associated with ma-
terials and methods of construction. New
cleaning procedures are overcoming these
factors and increasing the range of devices.

worthwhile in terms of improved life and per-
formance of electronic devices.

After evaluating many testing procedures, we
found one developed many years ago for central
office contact-erosion studies to be quite useful.
This consists essentially of counting by micro-
scopic means the size and quantity of dust and
lint particles that fall on a clean glass dish ex-
posed in the area of interest, generally for one
working day. Another technique consisted of

P. R. Pondy (left) and G. E. Helmke adjust air
flow in assembly hood. Assembly operations are
carried on inside carefully designed and con-
trolled transparent hoods in special clean rooms.



measuring the dust content by the light-scatter-
ing principle, and a third test employed a minia-
ture electrostatic precipitator that first charges
and then collects the dust particles on a weighed
aluminum sleeve.

Testing air filtering and conditioning required
actual experience with several different arrange-
ments of filters and conditioning equipment.
These tests have been in progress for the past
ten years. As a result, we are now able to supply
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Highlighted fibers under polarvized light (left)
compared with illumination with ordinary light
(right). This polarized light technique was de-
veloped for detecting and inspecting such fibers.

our critical assembly areas with air with a dust
content considerably lower than we are able to
maintain if people are working in the areas.

Studies of techniques to prevent undue recon-
tamination of the air by people and objects in
the assembly areas have also been going on for
some time. Recognizing that people and clothing
are a principal source of dust and lint, we are
able to take reasonable precautions to maintain
relatively clean air. First, we have adopted the
general principle of successive compartmentizing.
We keep our parts or assemblies in clean con-
tainers and carry on our assembly operations in-
side carefully designed and controlled transpar-
ent hoods that are located in an already clean
and conditioned room as shown in the illustration
on page 289. These hoods are pressurized with
air drawn from the room through a local filter
on top of the hood.

The air inside these transparent hoods repre-
sents the cleanest assembly ambient we are using
at present. If one characterizes the dust level in
the air supplied to our controlled environment as-
sembly areas as one, activity of personnel, even
in our best areas, will generally raise the dust
level to about ten. Passage through the local filter
on top the plastic hood will reduce the dust level
to about three inside the hood. For comparison,
the air in clean nonconditioned areas, which re-
semble large open-factory conditioned areas, may
have a dust level as high as seventy on this same
scale. We currently have underway experiments
that are designed to produce working ambients in
hoods essentially as clean as the supply air, but
this has not yet been attained in practice.

Acetate gloves — adopted a number of years
ago to reduce contamination of parts by finger-
prints — proved to be one of the principal lint
and dust contributing items of apparel. These
were replaced by gloves woven from monofila-
ment nylon threads similar to fine fishing line;
they are nonlinty and sufficiently porous to make
them comfortable to wear. The palm side of the
glove is coated with a continuous thin film of
plastic which is impervious to perspiration and
the transfer of body oils and skin scales. In con-
junction with this work, a polarized light tech-
nique was developed for inspecting parts for
fibers, and it greatly improves our ability to de-
tect them. The illustration at the left shows the
highlighting of a lint fiber with polarized light as
compared to the relatively dark image in ordinary
light.

Despite all these precautions, many dust par-
ticles remain on the surfaces of the parts, dust
that must be removed before the parts are proc-
essed further. A convenient technique to remove
dust and lint from electronic device parts was
developed. (See tllustration on page 292.) With
this technique, the work is immersed into the
first section of a tank which is fed with tap
water with a high surface velocity. In this stage,
loosely held physical contaminants are washed
from the surfaces and swept away. Tap water is
used in this operation since the physical con-
taminants must not be wet thoroughly because
they would sink and not be carried out of the
system. Water is circulated clockwise from one
tank section to the next, while the work is moved
counterclockwise. The part is next immersed in
the third section of the apparatus which contains
hot tap water, a wetting agent and ultrasonic
transducers. These agents combine to beat off
the more firmly bonded dust and suspend it to
be carried out of the system. Finally, the part is
immersed in the second section of the apparatus
which contains hot tap water to remove the
wetting agent. Although this procedure is very
effective in removing physical contaminants, it
cannot remove contaminants that are embedded
in metal parts. These must be removed by etch-
ing procedures.

After electronic device parts have been cleaned
by the methods described, they will still contain
intolerably large amounts of ionic, chemically
combined and gaseous contaminants. The parts are
also coated with thin films of organic materials
which are so tightly bonded to the surfaces that
they act as though they were chemically bonded.

For several decades, distilled water has been
used to remove water-soluble contaminants from
electronic device components. It has always been
difficult, however, to supply sufiiciently pure water
in the quantities required. Therefore, a new
source of ultra-pure water was needed. One im-
portant criterion of purified water is its electrical
conductivity. It was found that the conductivity
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J. Becker uses mass spectrometer to measure
291

gases released while pumping out an electron tube.

H‘I —

August 1958

Ll 2
I“
.




W. H. Craft uses water washing system to re-
move dust and lint from the tube components.

of normal distilled water ranges from 2.5 to 5.0
pmhos per em. For comparison, tap water at the
Murray Hill Laboratory ranges between 350 and
450 pmhos per cm.

About ten years ago, the ion-exchange industry
developed a new technique called mixed-bed resin
de-ionizing, which was adapted to supply the need
for inexpensive, ultra-pure water. In this system,
for example, any calcium ions which may be
present are exchanged for hydrogen ions, and
sulfate ions are replaced by hydroxyl ions. The
hydrogen and hydroxyl ions immediately com-
bine to form water. A typical deionizer, as used
at the Laboratories, is shown in the photograph
on the next page. The apparatus constantly pro-
duces water with conductivity less than 0.1 pmho
per ¢m at a lower cost than distilled water. It
would require 27 successive distillations in quartz
to produce water of equivalently low conductivity.

Using this ultra-pure water poses an entirely
new set of problems, since it is a solvent for many
materials normally regarded as insoluble in less
pure water; that is, it must be generated close
to the site of use to avoid recontamination by
dissolving constituents of the pipe lines.

To remove ionic materials that may be residues
of tap water or residues from acid or alkaline
etches or plating baths, the parts are immersed
in a countercurrent extractor. Water surround-
ing the parts dissolves and removes the ionic con-
taminants. This technique can be made very ef-
ficient by recirculating the discharge water, which
may have a conductivity of only a few pumhos
per cm through a deionizer. A few gallons of

ultra-pure water can therefore be used repeated-
ly for many months of washing.

The air around us, even in the best air-con-
ditioned laboratories, has organic materials sus-
pended in it. These materials exist as vapors or
are carried as films on extremely fine airborne
dust. Within a few minutes to a few hours, any
part exposed to such air is covered by a thin film
of water-insoluble organic material. Further,
some of these organic materials associate them-
selves so intimately with the surfaces that they
act as though they were chemically combined and
are, therefore, extremely difficult to remove.

The problem in this instance was to develop
methods to detect and measure the thickness of
such films, to devise simple methods for their
removal, and finally to develop procedures for
preventing the recontamination of the parts once
cleaned. Consider, for example, that a greasy
dish when dipped into water, even warm water,
will not show a uniformly wet surface; water
gathers in some spots and avoids others. This
is called the water-break test and has been em-
ployed by electro-platers for many years to test
the cleanliness of metals prior to their plating.
If, instead of dipping into water, one sprays fine
droplets of water onto a test sample, the same
test exists in principle, but much thinner oily
films can be detected. The atomizer spray test is
performed by observing the tendency of the fine
droplets to coalesce and form a thin uniform film.

[t has been established that the parts which
pass the water-break test may have organic films
on them of the order of one and one half molec-
ular layers in thickness. On the other hand, parts
that pass the atomizer spray test will generally
have organic films of less than a tenth of a
molecular layer. We also needed, however, a read-
ily available clean surface to calibrate our testing
system. This need was met by employing high
quality mica sheets that can be easily split to
provide a fresh surface not contaminated with
organic material. This freshly cleaved surface is
sprayed, and if the fine droplets immediately
coalesce, the test system is clean and we can pro-
ceed to test the sample parts.

Armed with this simple test and calibration
specimen, we proceeded to evolve techniques for
removing the tightly bonded organic films. The
classical processes employed by the electronics
industry — such as trichlorethylene degreasing,
vacuum firing, hydrogen firing and acid etching
— do not remove these films. The only effective
way found to remove tightly bonded organic films
was substantially to alter or split the organic
molecules. A convenient technique was to expose
the films to oxidizing conditions such as heating
the parts in air at 400°C, boiling them in a 3 per
cent solution of hydrogen-peroxide, or exposing
them to the action of oxidizing acids. If the part
in question cannot tolerate the resultant lightly
oxidized film, it can be removed chemically or
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by reduction in an atmosphere of hydrogen.

In addition to the contaminants discussed
above, we have also carefully controlled the com-
positional chemistry of our materials. For ex-
ample, in metals used in electron tubes, we limit
to a very low level any high vapor pressure con-
taminants. These might create leakage paths on
the spacer micas or place impurities on the cath-
ode; these impurities, in turn, might form in-
sulating compounds between the cathode metal
and its coatings. We purchase all our materials
to specifications, sometimes requiring all impuri-
ties to be less than 0.005 per cent. Concurrently
efforts may be made to control the presence of
beneficial impurities to levels up to 0.2 per cent.

Another contaminant of great concern is the
gas adsorbed or absorbed in the materials of
construction. In electron tubes, such gases are
obviously important, since it is desired to obtain
a good degree of vacuum with some of the parts
operating at temperatures as high as 1200°C.
Equally important, some of the gases, even
though in a high vacuum, may be reducing and
others oxidizing in nature. These gases con-
stantly influence the thermionic activity of the
electron tube. In the past we learned to optimize
these effects, but in newer designs ability to
maintain a useful coexistence of these effects has
been severely challenged. As a consequence, tech-
niques had to be developed to de-gas parts more
thoroughly and to reduce their potential for gen-
erating gas. The measurement and control of
these contaminants is not simple; it requires
fairly complex equipment such as the mass spec-
trometer shown in the illustration on page 291.
The spectrometer reveals not only which gases
are present but in what quantities.

An importznt element in any cleaning opera-
tion is to prevent recontamination of parts after
they have been cleaned. Containers have been
developed that can be cleaned and tested as
though they were parts. We are able to store
clean parts in these containers for periods as
long as a menth without recontamination. Tools,
fixtures and heat-treating boats are also cleaned
as though they were device parts.

A convenient method for evaluating the clean-
liness of the container is to insert a fresh, doubly
split piece of mica. The mica test piece is re-
moved periodically to determine whether it con-
tinues to pass the atomizer test.

Having studied electronic device contaminants
and evolved methods for determining the level
of their presence and techniques for their re-
moval, let us now briefly review how useful these
activities have been. Following are a few rep-
resentative results of cleaning electronic device
parts by the methods outlined above: (a) Air
conditioning in the assembly area for the high-
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H. M. Cleveland measures the conductivity of the
water from a mized-bed deionizing column, while
D. E. Koontz washes parts imniersed in extractor.

vacuum pentode used in submarine cable ampli-
fiers significantly improved their thermionic ac-
tivity and reduced the range of variations. Hoods
and lintless gloves reduced the lint count to one
half its former low value and reduced the inspec-
tion time to detect lint by two thirds. (b) The use
of ultrasonics to remove physical contaminants
reduced the carbon content of tungsten heaters
(considered clean by former standards) from
0.01 per cent to 0.002 per cent. (¢) In a gas-filled
thyratron, the use of ultrasonic washes to remove
loose carbon from the carbonized anode provided
the margin of difference needed to operate this
tube under certain stringent conditions. (d) Care-
ful washing of silicon in boiling deionized water
reduced the surface recombination velocity to the
more desirable low values experienced with ger-
manium. (e) Removing the physical, water-solu-
ble and organic contaminants of a traveling-wave
tube resulted in nearly tripling its thermionic
emission. (f) Yields in a silicon rectifier were in-
creased ten-fold by removing chemically bonded
contaminants near or across the junction.

Many more examples could be cited as a signifi-
cant improvement in device performance as a
result of using these careful cleaning processes.
It appears evident that these techniques may be
used to improve the performance and life of
devices in many applications, and even make it
possible to use a particular device in an applica-
tion that was heretofore impractical.






