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METHOD FOR PRODUCING A DEVICE FOR
TRANSMITTING AN ELECTRON BEAM

This invention relates to a device pervious to an electron
beam which employs a thin film of a metal oxide such as alu-
mina (Al,0,) singly or a unitary structure comprising such a
film and a reinforcing member of aluminum or other metal.

A substance irradiated by an electron beam undergoes vari-
ous physical and chemical changes depending on the electric
charge and energy possessed by the electron beam. The pro-
perties of the electron beam giving rise to such changes in a
substance are utilized in many apparatus including medical
applicances, electronic measuring apparatus and electronic
recording apparatus.

It is a primary object of the present invention to provide a
device pervious to an electron beam which comprises a parti-
tion in the form of a thin film of a metal oxide such as alumina
(Al,0,) through which an electron beam can be led out of one
atmosphere into another atmosphere. The partition may be a
single film of alumina or the like or may be a unitary structure
having such a film backed up by a supporting member having
a series of slits or an array of fine holes or a meshlike form.

The above and other objects, features and advantages of the
present invention will be apparent from the following descrip-
tion taken in conjunction with the accompanying drawings, in
which:

FIG. 1a is a schematic sectional view of an embodiment of
the present invention when it is used as a partition between a
high vacuum chamber and a low vacuum chamber;

FIG. 1b is a schematic sectional view of another embodi-
ment of the present invention when it is used as a partition
between a high vacuum chamber and the atmosphere;

FIG. 2a shows how to manufacture one form of the device
of the present invention as shown in FIG. 1a which comprises
a single film of alumina;

FIGS. 2b through 2e show a series of steps for manufactur-
ing another form of the device of the present invention as
shown in FIG. 1b which comprises a unitary structure of a thin
film of alumina and a reinforcing member of aluminum;

FIG. 3 is a schematic sectional view of a still further em-
bodiment which is obtained by further reinforcing the struc-
ture of FIG. 2¢ with another metal; and

FIG. 4 is a schematic sectional view of a modification of the
structure shown in FIG. 3.

Referring to FIG. 1a,the device according to the present in-
vention comprises a thin film 4 of a metal oxide such as alu-
mina which is used as a partition between a high vacuum
chamber A and a low vacuum chamber B. An electron gun 1
and a deflecting plat assembly 2 are disposed within the high
vacuum chamber A for the emission and deflection of an elec-
tron beam. A medium 3 which is acted upon by the electron
beam is disposed within the low vacuum chamber B. The
medium 3 may be a phosphor, a photographic film, an electro-
static recording sheet, a high molecular material, a ther-
moplastic film or a crystal of an alkali halide which, when
acted upon by an electron beam, develops some sort of
changes therein and needs replacement or generates a gas.
The medium 3 can be replaced by any known method, but it
will be seen that a simplified device can be employed for ex-
hausting the interior of the chamber B and replacing the medi-
um 3 in the chamber B. The partition 4 is backed up by an an-
nular supporting member §.

Referring to FIG. 1b, a thin film 4 of a metal oxide such as
alumina is shown as used a partition between a high vacuum
chamber and the atmosphere. In this embodiment, the surface
area of the alumina film 4 can not be made so large because
the atmospheric pressure is imparted to the film 4. Ac-
cordingly, the alumina film 4 is bodily backed up by a support-
ing member § having a series of slits or an array of fine holes
or a meshlike form. When the alumina film 4 has the series of
slits or an array of fine holes a medium (not shown) acted
upon by an electron beam is moved perpendicularly with
respect to the row of slits or an array of fine holes and the elec-
tron beam sweeps across the medium in the same direction,
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thereby connecting a signal into the corresponding pattern. It
is known that an electron beam penetrates through an alumina
film of a thickness less than several pm when it is accelerated
with an accelerating voltage of 20 to 30 kV. From the view-
point of scattering angles and energy of incident electron
beam, film thickness is preferably 1 um or less. .

Itis said that alumina made by anodic oxidation is about five
times as strong as metallic aluminum. In the case of a thin film
of aluminum backed by a supporting member having a series
of fine holes, its thickness ¢ should be larger than the value
determined by ¢,,=rx10-2 where t.,is the thickness of the thin
film of aluminum in cm, and r is the radijus of the fine holes in
cm, so that the thin film of aluminum can withstand a pressure
difference of 1 atmosphere. On the other hand, in the case of a
thin film of alumina backed by a similar supporting member,
its thickness ¢ which can sufficiently withstand the above pres-
sure difference is given by ta1y0,= 27X 10-3, Through com-
parison of the required thickness described above, it is ap-
parent that an alumina film having a very small thickness can
satisfactorily be used for the purpose.

FIG. 2q is an explanatory view to illustrate an exemplary
process for the manufacture of such an alumina film. The alu-
mina film is made by anodic oxidation. A sheet 11 of alu-
minum (preferably having a purity of at least 99.99% of suita-
ble thickness is subjected to a pretreatment including im-
mersing the sheet in a 5% to 10% sodium hydroxide solution
for 1 minute at 60 to 80°C., neutralizing the sodium hydroxide
by immersing the sheet in a 5% to 10% cold nitric acid solu-
tion, and immersing the sheet in a 60 to 70% chromium sulfate
solution for 10 to 20 minutes for the sake of defatting. The
aluminum sheet 11 is employed as the anode and is dipped in
an electrolyte in such a manner that one of its surfaces worked
to a smooth finish is solely dipped in the electrolyte. The elec-
trolyte may have a composition consisting of a 10% boric acid
solution and a 0.1% sodium borate solution. The electrolyte is
heated up to 80 to 100° C. and current is passed thereacross to
effect the anodic oxidation on the aluminum sheet 11 thereby
to obtain a structure as shown in FIG. 2a. The structure thus
obtained is then dipped in an etching solution for dissolving
away the aluminum to obtain an alumina film 12 as final
product. The etching solution may be hydrochloric acid or
mixture of hydrochloric acid and a ferric chloride solution.

FIGS. 2b through 2e show an exemplary process for the
manufacture of a unitary structure comprising such an alu-
mina film and a supporting member therefor. The photoresist
technique may be employed to make an electron-beam pervi-
ous window in which the alumina film is backed up by a sup-
porting member having a series of fine holes. This structure is
advantageous in that the prior art procedure for carefully
bonding the alumina film to the support therefor is unnecessa-
ry and therefor the alumina film is more strongly fixed to the
supporting member than hitherto.

In FIG. 2b,a photoresist layer 13 is shown as coated on a
structure comprising an aluminum sheet 11 having the
required thickness and an alumina layer 12 of predetermined
thickness formed on the aluminum sheet 11 by anodic oxida-
tion. In FIG. 2c, a mask 14 of a predetermined pattern is
placed on the photoresist layer 13 and ultraviolet light is
directed from an ultraviolet light source 15 for the exposure.
In FIG. 24, the photoresist layer 13 is developed to leave those
portions of the photoresist layer 13 which conform to the
predetermined pattern. The structure is the soaked in an
etching solution to leave those portions of the aluminum sheet
11 in the predetermined pattern. These portions of the alu-
minum sheet 11 serve asa supporting member for the alumina
film 12,

The supporting member may be made by electrodeposition.
For example, a conductive pattern may be made by deposited
on the alumina film 12 in FIG. 2a by printing, vacuum
evaporation or photoresist technique and a metal is elec-
trodeposited on the conductive pattern until it acquires a
predetermined thickness. Aluminum is then etched away by
an etching solution.
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Referring to FIG. 3, another embodiment of the device ac-
cording to the present invention comprises a thin film 21 of
alumina, a perforated supporting member 22 for the alumina
film 21, and a reinforcing member 23 of a metal such as iron,
chromium or nickel which is deposited by electrodeposition.
In a modification shown in FIG. 4, the supporting member 22
of aluminum and the reinforcing member 23 of iron, chromi-
um, nickel or the like are disposed on opposite surfaces of the
alumina film 21.

From the foregoing description it will be understood that
the present invention provides an electron-beam pervious par-
tition of a metal oxide such as alumina. The use of alumina, for
example, is advantageous over metallic aluminum. More
precisely, an electron beam has such a nature that it
penetrates more easily through a substance having a small
atomic number than through a substance having a larger
atomic number. Alumina which consists of aluminum and ox-
ygen has a man atomic number of

[(atomic number of aluminum X2 + atomic number of ox-

ygen X3)/5]1 which is approximately 10. Thus, alumina
permits penetration of an electron beam more easily than
any other substance. Moreover, alumina is stronger than
metals when it is compared with metals in terms of mass.
For instance, alumina is about five times as strong as
metallic aluminum. In the application of a thin film of a
metal oxide such as alumina as an electron-beam pervious
window for an electronic tube, heating is required in
order to effect bonding of the film to the glass envelope
and evacuation of the interior of the glass envelope. A
metal oxide such as alumina is preferred in this respect
too since alumina which is chemically stable is not subject
to damage or deterioration when exposed to heat.

We claim:

1. A method of making a device pervious to an electron
beam having a unitary structure of an electron pervious thin
film and a perforated support having a plurality of holes
defined therein, comprising the steps of: first, oxidizing one
side surface portion of a base metal sheet; forming said elec-
tron pervious thin film from a layer of metal oxide; and
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thereafter removing unoxidized portions of said metal sheet by
chemical etching thereof to form said perforated support.

2. A method of making a device pervious to an electron
beam as defined in claim 1, comprising the further step of
forming a photoresist mask of a desired pattern before said
chemical etching step, wherein said chemical etching is per-
formed with an etching solution selected from the group con-
sisting of hydrochloric acid, and a mixture of hydrochloric
acid and ferric chloride solution.

3. A method of making a device pervious to an electron
beam as defined in claim 1, comprising the further step of
depositing a metal reinforcing member selected from the
group consisting of iron, chromium and nickel on the end sur-
face of said support in the direction opposite to said thin film
by a electrodeposition.

4. A method of making a device pervious to an electron
beam as defined in claim 1, comprising the further steps of:
depositing a conductive film in the pattern of said support on
said metal oxide layer; and electrodepositing a metal on said
conductive film to form a further support on the surface of
said oxide layer opposite to the support formed by said chemi-
cal etching.

5. A method of making a device pervious to an electron
beam having a unitary structure of an electron pervious thin
film and a perforated support defining a plurality of holes
therein comprising the steps of: first, oxidizing one side por-
tion of a base metal sheet to form a layer of thin film metal ox-
ide; depositing a conductive film on said metal oxide layer ina
desired pattern of said support; electrodepositing a metal on
said conductive film to a thickness necessary for forming said
support; and removing an unoxidized portion of said metal
sheet by chemical etching.

6. A method of making a device pervious to an electron

beam as defined in claim 5, wherein said oxidizing step com-
prises anodic oxidation; said conductive film-depositing step

comprises vacuum evaporation; and said chemical etching
step comprises etching with a solution selected from the group
consisting of hydrochloric acid, and a mixture of hydrochioric
acid a ferric chloride solution.



