Modern Vacuum Practice
in Electronics

The entire electronics industry is dependent upon the electron tube which in turn is

dependent upon the production of high vacuum.

In this article the author discusses

modern vacuum technique and the application of recently developed synthetic organic

compounds to diffusion pumps

HE production of high vacuum
appears to be one of the funda-
mental problems inherent to the
manufacture of almost every elec-
tronic device. The actual final pres-
sures required may vary from a
fraction of a millimeter for a neon
sign to less than 10 mm in the case
of a high voltage cathode ray tube.
Mercury diffusion pumps devel-
oped by Gaede', Langmuir®, and
others® have for many years been
standard equipment for the commer-
cial exhaustion of x-ray, cathode-
ray, and radio tubes, photo-electric
cells, etec. Because of the relatively
high vapor pressure of mercury at
room temperatures, <.e., approxi-
mately 10 mm, and the tendency of
a mercury vapor to remain super-
saturated, pumps of this type can
generally be employed only with the
aid of cold traps employing refriger-
ants such as liquid air or solid car-
bon dioxide. In addition to the ex-
pense and inconvenience of provid-
ing such refrigerants, the more com-
mon traps materially reduce the
available pumping speed, generally
by a factor of from 4 to 10. Al-
though mercury has the advantage of
being an inexpensive and stable ma-
terial, it is subject to contamination
and the vapor tends to wander. For
optimum  performance, mercury
pumps and attendant pipe lines may
require frequent cleaning.

Burch* advanced the art a signifi-
cant step by suggesting the use of
low vapor pressure fractions of hy-
drocarbon oils as a substitute for
mercury. These fluids, commercially
known as Apiezon oils, permit the
attainment of relatively low pres-
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sures, less than 10° mm, without a
cold trap of any type. Although
with such oils a considerably lower
fore pressure is required than with
the older mercury pumps, units
charged with the Apiezon oils soon
found limited usefulness abroad in
the broadcasting industry where they
provided the vacuum for demount-
able transmitting tubes. However,
in spite of their high pumping effi-
ciency as compared with mercury,
these materials have not found
wide application in the commercial
field in the United States. This is
probably due to three causes, the
most significant being that pumps
of a type capable of bringing out
their best features were not avail-
able. Hydrocarbon fluids also tend
to crack, breaking down into higher

vapor pressure
ticularly if air
the pump is hot.

In 1930, Hickman and Sanford®
suggested replacing the hydrocar-
bon oils with highly purified syn-
thetic organic compounds such as
esters of phthalic acid and in par-
ticular butyl phthalate.

More recently the development of
compounds of much lower vapor
pressure’ have rendered n-butyl
phthalate obsolete except in cases
where the lowest pressures are not
of primary importance. By employ-
ing some of the newest esters such
as Octoil and Octoil-S it is possible
to obtain pressures at room tem-
perature which are as low or lower
than those made possible with the
best mercury pumps employing lig-
uid air traps.

In operating any type of diffu-
sion pump regardless of whether
one employs mercury, hydrocar-

components, par-
is admitted when

bons, or synthetic oils, the question



of contamination of the fluid is of
prime importance. Gaede® has
shown that the lowest pressure at-
tainable with a vapor pump corres-
ponds to the vapor pressure of the
working liquid. It must also be re-
membered that this pressure may
depend upon contaminating mate-
rials even though present in minute
quantities.

Hickman® has investigated this
general problem and has demon-
strated that through the use of frac-
tionating pumps the lowest pres-
sures commensurate with the pump-
ing fluid are assured at all times
even though reactive and relatively
high vapor pressure materials are
being handled by the system. These
findings have been confirmed by
others®’, and the term “Fractionat-
ing pump” has come into use for
any type of diffusion pump in
which the pumping fluid is continu-
ously purified during operation, the
volatile constituents being rejected
or segregated at the fore pressure
end of the system and only the low-
est vapor pressure materials being
allowed to reach the high vacuum
jets.

Ezxhaustion of Transmitting Tubes

In spite of the extremely low
pressures which have been consis-
tently obtained with fractionating
oil pumps by many scientific
workers equipment of this type has
only recently been used for com-
mercial purposes. In order to dem-
onstrate the effectiveness of this
newly developed apparatus, several
types of standard transmitting
tubes have been evacuated accord-
ing to schedules generally used with
mercury pumps employing liquid
air traps.

A typical arrangement of work of
this type is shown on page 33, The
diffusion pump is a 3-compartment,
2-jet all-glass fractionating unit
and as can be seen, direct connec-
tion is made to the manifold with-
out the usual high impedance trap
or cold sink.

During the exhaust schedules of
various types of transmitting tubes,
continuous pressure readings were
made on the manifold with an ion-
ization tube (Western Electric Type
D79512). The fore pressure was
also measured with the aid of a
Pirani type gauge. Typical results
are shown in the upper diagram, the
schedules as given approximating

34

!‘B‘ake » 450
[Lded

| Prate, 350

TR -
Grid, 100 W
11

Plate, 600 W 3 Somparfm

Zet pump -

T

I“
|

ik

»
o
-
3
£
-3
o
£
=

| |
EXHAUST OF TRANSMITTING TUBE
[|/T[PUMP OIL- 0CTOL -S|

||| [cooLiNG AIR| ||

|

Y

LTI
4 compartment N
3ef pump 111

i
|
|

+Seal off

.¥v -
bl
|

Pressure, mm,

Exhaust curves of medium power transmitling tubes illustrating
the difference between a two jet pump with air cooling and a
three jet pump with ice cooling

Pressure, mm.

!
o

-
o

Time, Minutes

;. Heater off 10 minutes before exposure to air

" w 3 "

L]
. »  on 30 seconds during « w w
Stability of octoil-S in a glass fractionating pump

Curves showing the ability of the synthetic organic ester pump
fluid, Octoil-S, to withstand exposure to the atmosphere while hot

those employed by several manu-
facturers of medium power trans-
mitting tubes.

Curve No. 1 is representative of
an exhaust procedure followed with
the 2-jet pump as illustrated. A
rise in pressure was, of course,
noted each time that bombardment
of one of the electrodes took place.
Because of the relatively high ca-

pacity of the pump employed and
the fact that no trap with its cor-
responding high impedance was
placed between the manifold and
the high vacuum jet, the pressure
was reduced very rapidly after each
evolution of gas. Problems of ion-
ization during the early stages in
the tube were, therefore, practically
eliminated.
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In an effort to obtain the lowest
possible pressures additional tubes
of several types were evacuated
with a 4-compartment, 3-jet fraec-
tionating pump and the connecting
tube between the manifold and the
pump maintained at 0°C with ice.
Typical results of this work are
shown by Curve No. 2 and it can be
seen that the final pressure attain-
able was of the order of 1.5x10°
mm.

Although usually the speed of ex-
haustion is limited by the diameter
and length of the seal-off tube, in
many cases considerably higher
pumping speeds could well be used
on the exhaust manifold itself. The
more commonly employed mercury
pumps rarely have speeds in excess
of one to three liters per second at
10* mm. Assuming, therefore, a

Metal oil diffusion pump exhast-
ing the cyclotron without the aid
of a cold trap at M.LT.

trap efficiency of 20 per cent, the
available pumping speeds may well
be below 0.2-0.6 liters per second.

The 4-compartment, 3-jet and 3-
compartment, 2-jet pumps used
during these tests have speeds of
15 liters per second and 12 liters
per second respectively for all
pressures below 10" mm. This
capacity is adequate to handle sev-
eral large tubes and it has been
demonstrated that one such pump
is capable of simultaneously ex-
hausting ten nine-inch cathode-ray
tubes.

Data is also given for the fore
pressures normally  encountered
under average conditions. As can
be seen, these readings offer an ex-
cellent indication as to the operation
of the pump and the pressure in the
system under exhaust.

These do not represent the best,
or by any means the shortest, pro-
cedures which might be employed,
as the tests were conducted merely
to obtain a direct comparison be-
tween tubes exhausted with mercury
pumps and those evacuated with the
simple setup as shown using only
air cooling.

Commercial tubes made according
to both of the above procedures
have been submitted to life test and
gas current measured under recom-
mended operating conditions. In all
cases, the final products were found
to be as good or better than tubes
made with mercury pumps employ-
ing liquid air.

Stability of Pumping Fluid

For commercial applications of
oil pumps the question of decomposi-
tion of the pumping fluid under ad-
verse operating conditions must be
considered. In employing the pumps
for production work, there is always
the possibility of exposing the fluid
to atmospheric pressure because of
breakage of a tube under exhaust,
mishandling, ete. In order to dem-
onstrate the stability of the newer
low vapor pressure fluids, particu-
larly Octoil and Octoil-S, a series of
tests were made with the 4-com-
partment, 3-jet all glass fractionat-
ing pump.

After the pump was operated for
several hours, a study was made of
the effect of exposing the hot oil to
atmospheric pressure. The results
of tests of this type are shown on
page 34 and it can be seen that even
when the heaters, which are im-
mersed directly in the oil, were op-
erating and the pump was exposed
to atmospheric pressure for thirty
seconds the same ultimate vacuum
was attained. As a matter of fact,
with this particular condition lower
pressures were reached for any given
time after pumping action began.
In this case the fluid was sufficiently
hot to permit pumping action during
the initial stages of exhaust al-
though decomposition was detected
by a rise in fore pressure.

These tests indicate that these
pure organic esters, which have been
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selected from a large number of less
suitable compounds, represent a
very real advance in pump fluids.
Although with all fluids decomposi-
tion may take place under conditions
of high temperature and pressure,
the products coming from the new
esters are more volatile than the
esters themselves and are easily re-
moved by the fore pump. The com-
pound remaining in the pump is a
relatively pure substance essentially
the same as the original oil except
for the development of a slight color
under adverse conditions.

Advantages

Providing sufficiently low fore
pressures can be maintained at all
times oil pumps may, in almost all
cases, be advantageously substituted
for mercury units in order to pro-

Three-stage glass fractionating pump
used to exhaust Raytheon getter-
less transmitting tubes

duce economically the lowest pres-
sures. It is also interesting to note
that the capacity of any mechanical
pump may be effectively increased
many times in the lower pressure
regions through the aid of so-called
“oil boosters.” TUnits of this type
operate against high fore pressures,
i. e. greater than 0.5 mm and yet
they can be designed with capacities
of hundreds or even thousands of
liters per second. If, for example, a
booster is operated with a fore pres-
sure of 0.5 mm and the system under
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exhaustion is at 5x10™* mm, the com-
bination of mechanical pump and
booster permits an equivalent pump-
ing speed of 1000 times that of the
mechanical pump alone.

In considering the use of fraction-
ating oil diffusion pumps the follow-
ing factors are of interest:

A. Use of Cold Traps. Because
of the extremely low vapor pressures
of the newer organic fluids oil pumps
may be operated without the aid of
cold traps of any type. Pumping
speeds are thus not impaired, the in-
convenience of maintaining liquid
air or solid carbon dioxide is elimin-
ated and considerable saving can
usually be effected.

B. Speed. Because of the higher
pumping efficiency and the unique
types of design which may be used
with oil pumps, extremely high
pumping speed may be obtained. In
general, these are many times that
of common mercury pumps.

C. Cooling. Because of the low
vapor pressure materials which are
employed with the newer oil pumps,
those of glass construction operate
very satisfactorily with air cooling.
The larger metal units generally re-
quire water but the heat to be dis-
sipated for a given speed is rela-
tively low.

Other Applications

Although it has been demon-
strated that fractionating oil pumps
are particularly useful for the eco-
nomical exhaustion of “getterless”
transmitting tubes, there are many
other electronic devices with which
they may well be employed.

In spite of the many advances
which have been made by the elec-
tronics industry in recent years, an
improvement in vacuum technique
appears to be peculiarly lacking. Ex-
haust schedules employed by dif-
ferent organizations in some cases
differ from twenty minutes to four
hours for the same type of tube.
Obviously in the latter case, a sub-
stantial reduction in the manufac-
turing cost could be achieved by
more appropriate design of exhaus-
tion equipment and proper adherence
to the fundamentals of high vacuum
technology.

Television and cathode ray tubes.
In the exhaustion of both cathode
ray and, in general, all types of
“image” tubes, the highest possible
vacuum is generally desirable. Be-

36

cause of the relatively large volumes
involved, the problems of outgasing
must be more seriously considered
and relatively high pumping speeds
are desirable. Glass fractionating
pumps are now being used for work
of this type and pressures are be-
ing consistently reported which are
as low or lower than those attain-
able with the best mercury pumps
employing liquid air traps.
Receiving tubes. In the manufac-
ture of receiving tubes with auto-
matic machines, it is questionable

Glass fractionating pump used in
the exhaustion of commercial tele-
vision picture tubes

whether extremely low pressures are
necessary or in some cases even de-
sirable. Because of the small ex-
haust ports, extremely high exhaust
speeds are quite impossible. Pro-
viding that adequate fore pressures
can be maintained, there appears to
be some justification for replacing
the generally employed mercury
pumps with metal oil boosters in
order to make somewhat lower pres-
sures possible and obtain savings in
both water and power consumption.

It is interesting to contemplate
the possibility of attaching a high
capacity oil pump to a large volume,
this in turn being maintained at a
pressure of perhaps 10 mm. Con-
nections could then be made from
this volume to various ports on the
machine and the large number of
mercury units which are generally
employed would be eliminated. In
this way, extremely high effective
pumping speed would always be

available at each exhaust position.
The question of breakage with sub-
sequent loss of vacuum at any ex-
haust position could be adequately
taken care of with the aid of prop-
erly designed automatic check valves.

X-ray tubes. The problems of ex-
haust with both the x-ray and cath-
ode-ray tubes are quite similar, al-
though in the former case somewhat
higher pressures may be tolerated.
Through the use of even the smallest
glass oil pumps adequate pumping
speed and sufficiently low pressures
may be attained.

Neon signs, etc. In the exhaus-
tion of neon and other types of gas
discharge tubes, extremely low pres-
sures are rarely required. Never-
theless relatively small oil pumps
are being used by many manufac-
turers because of the ease with
which they permit the rapid ex-
haustion down to pressures of 10
or below. Here again, particularly
with the present interest in large
size fluorescent tubing, higher pump-
ing speeds are of interest.

Continuously evacuated systems.
At the present time there is consid-
erable interest both in this country
and abroad in the development of
high power demountable transmit-
ting and x-ray tubes. Although high
pumping speeds are not generally
required, reliability of operation is
of utmost importance and the ques-
tions of maintainance and operating
cost must be considered. Although
the design of proper baffle arrange-
ments to prevent back streaming of
the oil vapor should receive serious
consideration, through the use of
fractionating oil pumps, cold traps
may be eliminated and assurance
given that the lowest possible pres-
sures will be maintained at all times
even over long periods of operation.
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