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1

Our invention relates to photoelectric tubes
and their method of manufacture and particu-
larly to tubes incorporating metals of the second
sub-group of the fifth group of the periodic sys-
tem photosensitized with metals of the alkali
metal group.

Several types of phototubes are known includ-
ing those of the silver-silver oxide-caesium type
but such tubes have relatively high sensitivity in
the infra-red region of the spectrum but low sen-
sitivities in the visible range and especially in the
blue portion of the visible spectrum. In addition
this type of phototube is dificult to manufacture
and manufacturing cost is relatively high.

In our copending application, Serial No, 379,010,
filed February 15, 1941, and now Patent No.
2,401,735, ‘issued June 11, 1946, we described a
method of manufacturing phototubes incorporat-
ing metals such as antimony, arsensic and bis-
muth wherein the metal was deposited by vapor-
ization and condensation upon a metal founda-
tion surface, the deposited metal and founda-
tion subjected to the atmosphere containing a
minimum of water vapor, followed by sealing in
the utilization envelope and sensitizing with an
alkali metal. In manufacturing tubes under our
prior method it was found that subjecting the
cathodes to high humidity atmospheric condi-
tions, especially when at an elevated tempera-
ture, resulted in very poor sensitivity. Conse-
quently, the excelleni sensitivity obtained by our
invention described below is very unexpected in
view of the fact that the process inherently in-
volves subjecting the coated cathodes to water
and water vapor.

It is an cobject of our invention to provide a-

phototube having higher photosensitivity to blue
light than the tubes made heretofore. It is glso
an object to provide s tube having exceptionally
high photosensitivity to blue light and an im-
proved method wherein the processes of manu-
facturing such g tube are simplified and con-
trollable to a high degree of accuracy, thereby as-
suring good reproducibility in the manufacture
of a large quantity of tubes, and it is a still fur-
ther object to provide a manufacturing process
for producing such tubes consisting of a mini-
mum number of readily controlled steps.

In accoerdance with our invention we provide
a cathode foundation on which we deposit anti-

2

mony or another metal of the second sub-group
of the fifth group of the periodic system at a pre-

" determined rate by an electrolytic plating method

to provide a metal film of critical thickness, fol-
lowing which the cathode foundation with its film
of metal is sealed in an envelope, exhausted and
baked preferably at a eritical temperature for a
sufficient length of time to produce certain de-

sired color changes following which the cathode

film is subjected to alkali metal vapor, such as
caesium vapor, whereupon the tube is again baked -

* and aged to be ready for use.
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These and other objects, features ang advan-
tages of our invention will be apparent when
taken-in connection with the following descrip-
tion of our invention and the accompanying
drawing in which the single figure is a longitudinal
view of a tube made in accordance with our in-
vention and incorporsating a cathode comprising
an alkali metal sensitized film of metal deposited
by our novel process.

Referring to the drawing we provide an en-
velope | enclosing an electrically conducting
foundation or caithode 2 on which a photosensi-
tive surface is formed and an anode 3 exposed to

- the photosensitive surface so that it may receive

electrons which are liberated from the.cathode
under the influence of light. The cathode 2,
which is made of nickel or other base metsal, is
preferably supported by a sitem or press 4 prei-
ably of lead glass in which the current carrying
leads or support rods § to the cathode, and the
anode, are sealed. The tube shown in the draw-
ing is provided with a tubulation 6 through which -
the tube may be evacuated and & source of
caesium or other alkali metal is provided within
the bulb | or in an adjacent interconnecting en-
velope; although we prefer to provide a quantity
of caeslum bearing compound such as an acti-
vating pellet 7 which Is in good thermal contact
with g metal tab 8 so that caesium may be lib-
erated from the pellet by suitable heating treat-
ment.

In accordance with one feaching of our inven-
tion s metal such as antimony is electrolytically
deposited on a cathode foundation 2 of nickel or
other base metal prior to sealing the cathode
foundation with the bulb ! and so deposited
that the antimony film is applied by electrolytic
displacement of the metal from a salt solution.
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We have found that when depositing antimony by
electrolysis on a foundation, it is desirable fo
limit the time during which the antimony is ex-
posed to the solvent, particularly when it is si-
multaneously exposed to the atmosphere, to ob-
tain a surface which when sensitized with an
alkali metal such as caesium will result in @ high
sensitivity to light in the blue portion of the spec-
trum. Cathodes prepared with the antimony
deposited elther at a high rate or when exposed
to the atmosphere while wet for tco great a pe-
riod of time have resulted in tubes of poor sensi-
tivity. Purthermore, deposition of the antimony
either in an aqueous or nonagueous sojution must
not be at too great a rate, inasmuch as we have
found that lower sensitivity is obtained when the
antimony is deposited at too high a rate. )

The antimony employed as an anode in the
electrolytic process should be pure for we have
found that small amounts of impurities such as
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lead, tin, copper, and iron may reduce the final .

sensitivity as much as two tc one. We have
likewise found that the deposited thickness is
quite critical, that while tubes utilizing cathodes
with relatively thin fllms of aniimony may be
sensitized with a smaller than normal amount of
alkali metal angd similarly, tubes having thicker
antimony films may be sensitized with an exces-
sive amount of alkali metal, such tubes are nev-
ertheless deficient in sensitivity, Thus, tubes hav-
ing an antimony film thickness believed to be
in the range of 500 to 1500 angstroms may be
sensitized io obtain high phetosensitivity when
lluminated by light from g fungsten light source
operating at 2870° K.

As an example of one preferred method of de-
positing the antimony or the equivalents, namely,
arsenic and bismuth, & plurality of metal foun-
dations may be coated simultaneously either in
an aqueous solution or in a solution wherein the
solvent is of the organic type such as acetone,
preferably utilizing the chloride of the metal to
be deposited as a solute. In addition, when us-
ing an aqueous solution we prefer that it be acidi-
fled to dissolve any oxychlorides which may be
formed during the electrolysis. Furthermore,
we prefer to provide in the solution a small
amount of a wetting agent such as sulphonated
alcohol, sold under the trade name of “Duponol.”
Prior to the plating process the cathode founda-
tions are thoroughly cleaned and we have found
the electrolytic polishing method of cleaning and
preparing the foundation as described by John
B. Diffenderfer in his application, Serial No.
471,049, filed concurrently herewith, and now
Patent Number 2,401,738, issued June 11, 1846,
to be a preferred method of cleaning and foun-
dation preparation. In substance, this process
comprises a deplating operation of the nickel or
other metal foundation by connecting the foun-
dations as anodes in an aqueous solution of sul-
phuric acid maintainegd at room temperature or
below. Preferahly, the solution is made in g ra-
tio of 1 to 1 concentrated sulphuric acid in water
by volume. The foundations are then deplated
at a current density of from 1 to 5 smperes per
square inch for from 2 to 5 minutes or until the
surface of the foundation acquires g highly mir-
ror-like finish. Following this cleaning, the foun-
dations are immediately rinsed in distilled water
and immediately placed while wet In our antimony
plating solution. We have found the following
solutions to be admirably suited for providing the
aroper conditions under which the foundations
are coated with antimony, although the quantities
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indicated my be varied over wide limits without
mafterially affecting the deposition of the
antimony. :

Aqueous solution:
SbCla ... 100 g./liter
HCI (Conec.)... In excess to dissolve the wa-
ter insoluble white oxy-

chlorides
Duponol...___. .25 g./liter
Organic solution:
SbCla——____. 100 g./liter
HCI1 (Conc.) .- 17 cc./liter
Duponol._...... 25 g./liter

We have found that the amount of antimony
deposited on the foundation is relatively critical
and that preferably the amount deposited by elec~
trolysis should ~orrespond to a calculated weight
of 0.07 to 0.22 milligram per square centimeter of
active cathode surface. Inasmuch as the cathode
foundations are immersed in the plating solu-
tion and plated with the antimony as cathodes
utilizing an antimony anode, the deposit is over
the entire surface exposed to the solution. Con-
sequently, the curremt in passing through the
solution as well as the time must be controlled
in accordance with the total exposed foundation
surface. More particularly, we have found that
a quantity of antimony corresponding to deposi-
tion under 0.14 to 0.57 coulomb per cm* provides
the best cathodes, although this factor may like-
wise be varied but with somewhat poorer sensi-
tivity upon final sensitization. .

The metal foundations may be formed te the
arcuate shape shown in the drawing and as-
sembled with the side rods $ prior to the cleaning
operation, whereupon following cleaning, the side
rods serve as connectors in the electrolytic plat-
ing circuit. For g cathode such as utilized in the
RCA 929 phototube and measuring 53°’ by %’ -
the plating energy may vary from 1.0 to 4.0 cou-
lombs per foundation which, using an electro-
chemical equivalent of antimony of .415 milligram
per coulomb corresponds to from 0.07 to 0.22 mi}-
ligram of antimony per square centimeter of
cathode surface. The maximum time the foun-
dations are immersed in the plating solution is
not critical so that the minimum rate of plating
may be very low slthough the maximum rate of
deposition is limited by the non-uniformity oi
plating at high current densities. The maximum
current density is preferably not greater than 9.05
ampere per square centimeter of exposed founda-
tion surface. More rapid plating produces a
spotty surface and upon final sensitization the
sensitivity may be lower than optimum.

Following the plating osperation the coated
foundations are immediately rinsed either with
distilled water in the case of an aqueous solution
or with acetone or methano! in the case of an
organic solution, followed by immediate rinsing
with methanol or other organic washing agent.
I the rinsing operations are performed imme-
diately after the plating operation,.the cathode
surfaces are of uniform color and without siain
marks, whereas any intermediats drying of the
foundations preduces a discoloration and result
in poor sensitivity. The foundations at this point
appear grayish with = siight blueish cast. Fol-
lowing the rinsing, the fcundations gre immedi-
ately dried, preferably in dry air at a temperature
not exceeding 105° C. Natural drying st roem
temperature is preferred inasmuch as actual tests
indicate that somewhat poorer results are ob-
tained by oven drying at 165°.C. If this {emper~
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ature is exceeded, the grayish color with a slight
blueish cast is changed and the foundations ap-
pear somewhat pinkish, thig condition occurring
prior to exhaust not favoring high sensitivity on
final processing.

During the construction of the first phototubes
made in accordance with our invention it was not
expected that high sensitivity could be obtailned
due to the presence of water and water vapor to
which the cathodes were subjected during the
plating operation whether the solution was aque-
ous or of an organic character. Thus, even the
water present in an organic solution was expect-
ed, in view of our prior results disclosed in our
sald copending application, to produce cathodes
of very low sensitivity. Very unexpectedly; how-
ever, the process of our present invention pro-
duces high sensitivity cathodes, although care
must be taken to minimize the time the founda-
tions are simultanecusly exposed to the solution
and to the atmosphere and, in addition, the foun-
dations following drying must not be subjected to
an atmosphere having high water vapor content
especially at elevated temperatures such as en-
countered during sealing of the cathodes within
the utilization envelopes. Consequently, we pre-
fer to maintain a humidity of less than 80% at
25° C. which corresponds to a desired humidity
below 8 grains of water vapor per cubic foot of

air during the time the plated foundations are

exposed to the air and particularly when they are
heated above room temperature, such as during
the sealing within the utilization envelopes. The
satisfactory results which we have obtained are
believed to be due to the fact that antimony does
not oxidize when subjected to normal atmospheric
conditions as we have been unable to find any
trace of antimony oxide on the antimony film
following such treatment. While we do not fully
understand the action of humidity in producing
unsatisfactory results, this may be due to the
formation of an exceedingly thin film of anti-
mony oxide on the underlying antimony. Fol-
lowing the plating of the antimony film and after
drying, the prepared foundations are sealed into
individual envelopes and the envelopes exhaust-
ed. Preferably, the sealing operation is per-
formed in an air-conditioned room so that the
humidity may be maintained at a low value.
During actual manufacture of tubes having anti-
mony coated cathode foundations in the summer
months and under regular factory conditions the
percentage of tubes having low sensitivity was
quite high, often running to 80%, whereas dur-
ing the same operations performed under low
humidity conditions with air-conditioning fa-
cilities the loss of tubes was practically negligible
from this factor of high humidity. No oxygen,
whatsoever, is introduced within the tube during
~the exhaust cycle or sensitizing operations and
in fact such introduction of oxygen substantially

destroys the sensitivity of the completed tube."

The tube is then baked to remove occluded gases
and in accordance with our prior invention re-
ferred to above a small porition of the antimony
film may be vaporized to provide a clean anti-
mony surface. Thus, the baking step, both with
respect to temperature and time, may be con-
trolled to produce a very slight vaporization of g
portion of antimony, the baking being continued
until a particular cathode color is obtained, this
color being & very light pink. This color change
is from g steel gray to a just perceptible pinkish
color and may be-due to some chemical reaction
or to & new and clean surface being formed on
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6
the antimony film. While both time and tem-
perature are critical features in the production
of the very slight pinkish color which is desired,
a somewhat lower temperature for a slightly
longer time produces an equivalent color change
although with an oven temperature of 275° C. to
325° C., preferably centered at 300° C., the color
change appears after the tubes are baked for one-
half hour. The data given above are for tubes
raised from room temperature by lowering the

" oven over the tubes after it has reached the indi-

cated temperature allowing it to remain for the
time indicated. The color change appears first
at the edges of the cathode foundation appar-
ently due to the conduction of heat to the cathode
by the support side rods and serves as an ex-
cellent indication of the degree of baking. Con-
tinued heating either at a higher temperature
or for a prolonged time is detrimental as indi-
cated above and may be evidenced by the slightly
pinkish color deepening into a red for which the
final results are very poor. On the other hand,
a bake-out temperature of less than 275° C. re-~
sults in Insufficient removal of the residual or
occluded gases in the envelope and electrode
structure. .

We have found a higher average sensitivity is
obtainable, if prior to sealing the stems to the
envelopes, the envelopes are first baked at a tem-
perature of 450° C. for a period of one-half hour
followed by sealing-in of the electrode and rough
exhaust of the tube within as short a time as pos-
sible after this baking. Following the baking the
caesium bearing compound. such as the pellet 7
s flashed to liberate caesium within the envelope
f. During the liberation of caesium within the
envelope we maintain the temperature of the en-
velope and electrode structure at such a tem-
perature as to cause an alloying of the alkali
metal with the antimony film. The temperature
to produce such alloying may vary over wide lim-
its, extending from room temperature up to 200°
C., and since the cathode is within the envelope,
this cathode is maintained at substantially the -
same temperature. Immediately upon the libera-
tion of caesium the photosensitivity of the cath-
ode increases, such photosensitivity being sub-
stantially nonexistent prior to Iliberation of
caesium and such increase is observed even when
the bulb f is maintained at room temperature.
Following the liberation of caesium within the
tube, the tube is baked in an oven at a tempera-
ture of 150° C. to 170° C. until the photosensitivity
has reached a maximum. Some tubes reach a
maximum photosensitivity following a baking of
a few minutes, whereas other tubes require bak-
ing for several hours. Continued baking after
maximum sensitivity has been obtained does no
harm to the tubes so that we prefer to seal off
the bulb { from the exhaust system so that a
large quantity of tubes may be baked together in
a large oven for a time sufiicient for all the tubes
to attain maximum photosensitivity.

It will be noted above that we prefer to uti-
lize a plated antimony film thickness or coating
weight having rather narrow limits. Since the
thickness of antimony film is critical, it is logi-
cal that the amount of caesium used is relatively
critical. A deficiency of caeslum gives a bluish
appearing cathode surface of very low sensitivity
after baking whereas by increasing the amount
of caesium and baking, the color changes to a
greenish blue and the sensitivity rises tenfold.
We have found that this high sensitivity can he
obtained when sensitizing a cathode of the above
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dimensions coated on both sides with the use
of a pellet 7 welghing 40 milligrams comprising
by weight two parts caesium chromate, eight
parts tantalum powder and one part aluminum
powder.

As mentioned above, the stem or press 4 may
be of lead giass. The use of such glass appar-
ently reduces the amount of free caesium in the
finished tube during the final baking period. Con-
siderable difficulty has been experienced in man-
ufacturing gas filled phototubes incorporating an
antimony-alkall metal photo-cathode. We have
found that if an inert gas such as argon Is in-
troduced within the envelope during or just prior
to the lberation of ithe alkali metal, favorable
results may be obiained. It appears that the
sensitized antimony film is very sensitive to for-
eign substances but if the alkali metal such as
caesium is present in vapor form after the in-
troduction of the inert gas, the advantages of
gas ionization during tube operation may be ob-
tained. This gas may be introduced either Just
before flashing of the caesium compound or while
the caeslum is siill in vapor form. Thus the
caesium may be deposited on the interior walls
of the envelope by maintaining the walls at a
relatively low temperature such as 30 to 40° C.
whereupon the inert gas may be introduced fol-
jowed by the final haking step fo drive the caesium
to the =antimony coated ecathode foundation.
Tubes made in accordance with this teaching of
our invention heve high sensitivity and far bet-
ter life than fubes made In accordance with an
agdaptation of the known process wherein the in-
ert gas Is introduced as g fnal step.

QOur invention is of particular merit in the
manufacture of phototubes of the secondary
emission type such as that known commercially
as the RCA 931 photo-electric multiplier. ‘The
dynodes ss well as the cathode of such a tube
may be electroiytically coated with the antimony,
arsenic or bismuth in the same manner as dis-
. closrd above except that the thickness of the

coating on the dynodes is preferably from one
and one-half to three times the thickness of the
coating of the cathode. Such difference in thick-
" mess provides a greater ratio of alkali metal to

the antimony, atsenic or bismuth coating for the
cathode than for the dynodes. Inasmuch as a
single tube of the RCA 531 type has nine dynodes,
the coating process time is greatly reduced over
older methods with greater uniformity and high
secondary electron emissivity by following our
method. )

‘While we have described our invention in con-
nection with the use of antimony, it is to be un-
derstood that we do not wish to be limited to this
particular metal, since we have found arsenic
and bismuth to be satisfactory as an equivalent
of antimony. Therefore, while we have indicated
the preferred embodiments of our invention of
which we are now aware and have also indicated
only certain specific applications for which our
invention may be employed, it will be apparent
that our invention is by no means limited to the
exact forms fllustrated or the use indicated, but
that many variations may be made in the par-
ticular strueture used and the purpose for which
it is employed without departing from the scope
of our invention as set forth in the appended
claims. )

We claim:

1. The method of manufacturing g photo elec-
tric tube which comprises electrolytically depos't-
Ing a flm of metal selecied from the group con-
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sisting of antimony, arsenic and bismuth on an
electrically conductive foundation, sealing said
foundation in an envelope, evacuating said en-
velope and subjlecting said coated foundation to
the vapor of an alkall metal.

2. The method of manufacturing a photo elec-
tric tube comprising electrolytically plating on
a metal foundation a fiim of metal selected from
the group consisting of antimony, arsenic and
bismuth at a current density not exceeding 0.05
ampere per square centimeter of exposed foun-
dation area, sealing said foundation in an en-
velope, evacuating said envelope and sensitizing
said coated foundation with an alkali metal.

3. The method of manufacturing a photo elec-
tric fube comprising immersing a metal founda-
tion in a solution containing a solute of an anti-
mony compound, electrolytically plating anti-
mony on said foundation at a current density
not exceeding 0.05 ampere per square centimeter
of exposed foundation area, drying said founda-
tion, sealing sald found&ation in an envelope and
sensitizing said plated foundation with an alkali
metal.

4. The method of manufacturing a photo elec-
tric tube comprising immersing g metal founda-
tion in an organic solution containing an anti-
mony compound and an immersed antimony elec-

- trode, electroplating antimony on said foundation,
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removing said plated foundation from said solu-
tion, rinsing said foundation with an organic
washing medium, drying said foundation, sealing
sald foundation in an envelope and photosensitiz-
ing said foundation wi*x an alkali metal.

5. The method of manufacturing s photoelec-
tric tube comprising Immersing a meta: faunda-
tion in an aqueous solution containing an anrti-
mony compound, electroplating antimony to a
weight corresponding tc from 0.14 to 057 co:-
lomb per square centimeter on an exposed sur-
face of said foundation, removing said founda-
tion from sald aqueous solution and immediately
rinsing said foundation in & nonaqueous medi-
um, diying said foundation, sealing sald founda-
tion in an envelope and sensitizing said founda-
tion with an alkali metal.

6. The method of manufacturing g photoelec-
tric tube which comprises electrolytically deposit-
ing a fllm of a metal selected from the group
consisting of sntimony, arsenic and bismuth on
an electrically conductive foundation having an
extended area, subjecting said foundation and
said film to the atmosphere, sealing said founda-
tion bearing said film in an envelope, evacuat-
ing said envelope to provide a nonoxidizing at- -
mosphere within sald envelope, heating said
foundation and film at an elevated temperature,
and depositing an alkali metal on said film %o
render said fillm eleciron emissive,

7. The method of manufacturing a photoelec-
tric tube which comprises supporting an electri-
cally conductive foundation having an extended
area in an electrolytic bath containing a salt
of a metal seiected from the group consisting of
antimony, arsenic and bismuth, electrolytically
depositing a film of said metal on said founda-
tion with 0.14 to 0.57 coulomb per square centi-
meter, drying sald foundation and said film,
sealing said foundation bearing said film in an
envelope, evacuating said envelope to provide g
nonoxidizing atmosphere within said envelope,
baking said envelope at a temperature between
275° C. and 325° C., and depositing an alkal
metal on said film to photosensitize said film.

8. The methed of manufseturing s photoelce-
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tric tube which comprises depositing a film of
antimony on an electrically conductive founda~
tion in an aqueous acidified electrolytic solu-

tion having an antimony salt as the solute, re- -

moving the solution from said antimony film,
immediately drying said film, sealing said founda-
tion bearing said film in an envelope, evacuating
said envelope to provide a nonoxidizing atmos-
phere within said envelope, depositing an alkali
- metal on said film and baking said film to photo-
sensitize said fllm., .

9. The method of manufacturing a photosensi-
tive electrode which comprises supporting a metal
foundation in an electrolytic bath containing an
antimony salt, electrolytically depositing a film
of antimony on said foundation until the thick-
ness of s2id film is equivalent to a weight of 0.07
to 0.22 milligram per square centimeter area of
sald foundation, baking said film in a nonoxidiz-
ing atmosphere, depositing an alkali metal on
said film, and baking said film to photosensitize
said Alm. .

10, The method of manufacturing photosensi-
tive devices which comprises supporting a plu-
rality of metallic members in an electrolytic solu-
tion having a salt of antimony as a solute, elec-
trolytically forming a film of antimony on each
of said members, removing the members from
said solution, immediately washing and drying
each of said members, sealing said members with-
in a space to be evacuated, evacuating said space
and subjecting the metallic members to the vapor
of an alkali metal to photosensitize the film of
antimony. '

11. The method of manufacturing photosensi-

tive devices which comprises supporiing a plu-

10 _
rality of metalllc members in an organic solu-
tion of an antimony salt, electrolytically forming
a film of antimony of a thickness corresponding
to a weight of 0.07 to 0.22 milligram per square
centimeter on each of said members, removing
the members from said solution, washing and

" drying each of said members before normal at-
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mospheric drying of said members occurs, seal-
ing sald members in & space to be evacuated,
evacuating said space, baking said members un-
til the said films assume g pinkish color, and sub-
jecting the metallic members to the vapor of an
alkali metal to photosensitize the film of anti-
mony. ‘

.  ALAN M. GLOVER,
ROBERT B. JANES.
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