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This :invention reldtes ‘in ‘general to “electron-sensitive
photographic.plates and more particularly to plates which
are “capable “of recording “electron images but which are
relatively insensitive ‘to ordinary light.

It ‘Has ‘been found ‘desirable to have some method of
photographing images produced by &lectron ‘optical sys-
tems ‘where the ‘electrons ‘dare geherated by a thermiofiic
emitter. ‘This :problem arises, for example, in plotting
the positions at which phosphor dots are to be deposited
on ‘the ‘viewing ‘screen ‘of ‘one ‘type ‘of tricolor kKinescope
tube. ‘One ‘method utilized for plotting the positions of
the dots'is to‘éxpose a photographic pldte throigh a pre-
detérmined -grid ‘of crossed wires to a thermionically gen-
erdated béai ‘of “electrons scanned across the area of ‘the
plate Thie ‘apertures of the grid of wires perrhits passage

of 'the %lectron ‘bedm 4t ‘the poits ‘it 'is désired to ‘place

a phosphot -dot: on the ‘completed screen. After the pho-
tographic ‘plite has been properly exposed ‘to the electron
bedin fo form ‘a multiplicity of latent dot:images, the plate
is "de"v'e'Iop'ed ‘and ‘a Pprint is then made ‘on a medium,

suéh-as‘a silk scréen, ‘which is to 'be used ‘for actual . print- '

ing of the’ phosphor dots on a basemember. This ‘meth-
od ‘of plotting ‘is more fully described in a co-pending
application ‘of Harold B. Law, Serial No. 277,133, filed
March 18, 1952 and assigned to the same assignee ‘as’the
indtant ‘application. )

In “developing the foregoing process ‘it was found ‘that
ordmary types of photographic plates are not suitable for
at ‘ledst ‘two ‘reasors. One reason is that a ‘theriionic
emltter Eenerates visible' hght
plate 'is ‘exposed unmedrately by the light #nd rendered
useless to optrcally record electron 1mages Another 1ea-

able ‘effect ‘on ‘thie ‘chdfadteristics ‘of "the “eléétron optlcal
lets $ystem used to plot the. position of the ‘phosphor dots.
It was therefore found riecessary to devise a photographlc
plate ‘Which i is 1n1t1ally, at Ieast, sensitive to record elec-
tron—optlcal ‘images but relatively insensitive to visible
light stid is' 4t ‘the safie ‘time a fairly good electrical con-
ductor.

‘Otfe ‘object of the present invention is to provide a
photographic plate which is sensitive to electrons, -elec-
trically conductive, and relatively insensitive to ordinary
visible Tight of pledetermmed wavelengths.

Another ob]ect is to.provide an improved. photographic
plate ‘Which is sensitive to -electron irradiation but -rela-
trvely insensitive to the-light -generated by a .thermionic
emltter

Another ob]ect is to provide -an-improved-photographic
plate for recording images formed by electron optical

'Still another object-is to provide an improved electron-
sensitive : :photographic :plate ‘which may be wused -in an
electron -optical -system -without -producing ‘undesirable
effects -on-the-lens characteristics of the system.

An ordinary photographic
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A still further object of the invention is ‘to ‘provide
animproved ¢léctron-sensitive photographic plate ¢apable
of producing relatively high contrast images.

These and ‘other objects may be accomplished by the
practice of the present invention which comptises ‘-
proved photographic plates and methods of ‘making
them. In ‘a preferred émbodiment -of the invention, the
plates comprise a base having a metal surface and a layer
covering the ‘metal surface of a material such as ‘a syn-
thetic resin ‘or ‘shellac ‘which is insolubilized by electron
boibardinent. The synthetic resin or shellac may ‘be
electron-sensitized by any desired sensitizing agent such
as-potassium dichromate. The exposed surface of'the ma-
terial may also be advantageously provided ‘with a réla-
tively thin, semi-trarisparent film-of a metal such as aliliii-
num.

Thie ‘invention ‘will be ‘described in greater -detail ‘with
reference’to the drawing of which:

Figures 1, 2 and 3 ‘are schematic, cross-sectional, ‘ele-
vational views of respective embodiments of photographic
plates constructed in accordance with the priticiples of

‘the ‘present invention.

‘Similar reference characters have been applied to sim-
ilar ‘elements throughout the drawing.

Accordmg to ‘a first embodiment of the ‘invention ‘as
illustrated‘in Figure 1, an‘improved type of electron-sensi-

‘tive photograpliic plate may be made by first applying a

coating 2 of silver upon the surface of a glass base 4.
The coating of silver may be applied by any known ‘tech-
nigire such as ‘evaporating By heating silver in vacuo, or
by chemically depositing silver from an ammoniacal silver
nitrate soliition as commonly practiced in the martifactiire
of ‘mirrors. The thickness of the silver layer is not criti-
cal ‘but is preferably sufficient to vender the layer opaque.

The silvered suiface s tinsed and dried and coated
with ‘a relatively thin layer 6 of a material which is in-
solubilized By exposuire to an élection beam. This may
be a polymenzable resin such .as shellac or photoen-
graver's cold-top enamel resist. ‘The polymerizable ma-
terial ‘midy be dissolved in a suitable solvent such as an
alcohol or acetone to produce a solution having a vis-
cosity “stich ‘that When it is-flowed over the silvered sur-
face it will form a film of a desired thickness. It is pre-
ferfed ‘to ake the film relatively thin so that it may be
polymerrzed throughout its-complete thickness by a rela-
tively ‘short - exposure to an electron ‘beam. Films
a feW icrons thick are preferred although -for .applica-
tioris ‘Where it is desired to provide relatively long elec-
tron exposures the films may be up to about 0.1 mm. thick.

Tt is also. preferred to include a sensmzmg agent such
as potassium dlchromate in the resin. The amount -of
such a sensitizing agent-is not critical and .may be with-
ing the range:generally useful-in photoengraving. A suit-
able filin material may be made according to the formula
described in “Modern Photoengravmg” by Flader and
The material comprises di-
chromate-sensitized shellac in an -alkaline water solu-
tion. The mixture is placed in a vessel having an ‘aper-
ture and is .permitted -to -flow out ‘through the aperture.
The silvered .glass plate-is held -at-an. angle of about 30°

#from the vertical with one edge clesely adjacent the ap-

erture -so -that the -solution flows -across ‘the entire surface
of the pplate. ‘The plate is passed once across the : ‘aper-
ture ‘and:permitted-to dry. Conventoinal spinning-on ‘of
the: coatmg may also be-employed according to-the prac-

‘tice-in the photoengraving trade.

The _plate -thus . produced is relatively insensitive to
visible light -except in the very short wavelength portion
of -the spectrum. It may be exposed without harm to
relatively -intense -illumination -by light .of wavelengths

“longer than-about 4500 Angstroms.
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The photographic plate heretofore described may be
utilized in a manner similar to the plates described and
claimed in the previously mentioned co-pending applica-
tion of H. B. Law. As explained in said co-pending ap-
plication, the plate may be exposed to electron bombard-
ment by an electron beam generated by a thermionic emit-
ter such as a glowing wire filament. The plate itself is
made anodic with respect to the filament. Exposures
may be made over a relatively wide range of current den-
sities, accelerating voltages and times. Generally an ac-
celerating voltage of 10 to 20 kilovolts is satisfactory when
utilizing effective current densities of 0.2 to 2.0 micro-
amperes per square inch. The exposure time may vary
from about 30 seconds to about 10 minutes depending on
such factors as the thickness of the coatings on the plate,
the sensitivity of the polymerizable material, the accel-
erating voltage and the effective current density.

_The silver film provides a relatively high conductivity
that minimizes the accumulation of electrons on the plate.
An electrical contact may be made to the silver film by
a point contact made by penetrating through the sensi-
tive layer, or by scraping away a relatively small portion
of the sensitive layer.

The filament gives off visible light within a broad range
of wavelengths in the visible portion of the spectrum.
Ordinary photographic emulsions are relatively sensitive
to light within the broad range of the visible spectrum.
In the present case, however, the sensitivity of the poly-
merizable material is restricted to a spectral range where-
in the filament gives off relatively little light.

After exposure the plate is developed by washing in a
solvent such as alcohol to dissolve unexposed portions
of the resist material. A suitable developer is described
on page 160 of “Modern Photoengraving.” The devel-
oper removes the unexposed portions of the resist and
does not dissolve the exposed portions that have been
polymerized by the electron beam. The exposed por-
tions may be further hardened by heating to about 70°
C. or by drying by exposure to a desiccant. The por-
tions” of the silver film thus laid bare are removed by
etching the surface in a silver etchant such as Farmer’s
solution. Any silver etchant may be used but it should
be sufficiently mild so that it does not attack the poly-
merized resist material,

When substantially all the exposed portions of the silver
film have been dissolved, the plate is rinsed and dried. It
may be utilized as a negative to make a print on a trans-
fer medium such as a sitk screen or to produce a pattern
directly upon a stencil material. The presence of the
opaque silver film beneath the electon-sensitive material
provides a relatively high degree of contrast between the
exposed and the unexposed portions of the plate. The
optical density of the polymerized electron-sensitive ma-
terial is therefore not important in the practice of the in-
vention according to this embodiment.

- Photographic plates constructed according to the first
embodiment of the instant invention are relatively easy
to handle, relatively insensitive to visible light, and pro-
duce optical images of high contrast. They are subject,
however, to a difficulty known as an ion spot. During
exposure of the plate in an imperfectly evacuated or leaky
vessel ions are often produced by the electron beam. Such
ions may travel toward the plate and strike it in a con-
centrated group producing an exposed effect on a rela-
tively small area of the plate.

A preferred embodiment of the invention, therefore,
comprises an electron-sensitive photographic plate gen-
erally similar to the photographic plate heretofore de-
scribed but including a thin semi-transparent metallic film
disposed on the surface of the electron-sensitive material.
A photographic plate constructed according to the pre-
ferred embodiment of the invention is illustrated in Fig-
ure 2 and may be constructed in a manner generally simi-
lar to the construction of the photographic plate hereto-
fore described in connection with the first embodiment.
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A glass base 4 is provided with a silver surface 2 and a
coating 6 of an electron-sensitive material. On the sur-
face of the electron-sensitive material there is flowed a
relatively thin transparent coating 8 of a water-soluble
sizing such as glue or starch. A film 10 of a metal such
as aluminum is evaporated over the sizing. The metal
film is preferably about 500-2000 Angstroms thick. The
purpose of the metal film is primarily to prevent ions
from striking the sensitive material during exposure. Its
thickness is relatively critical. If the film is too thin,
it will not act as an effective ion barrier. Electron ex-
posures may be made through aluminum films up to at
least 3600 Angstroms thick. However, films substantially
thicker than about 2000 Angstroms are relatively imper-
meable to water and cannot be readily removed by dis-
solving the sizing.

A photographic plate produced according to the pre-
ferred embodiment may be exposed in an exactly similar
manner as a plate produced according to the first embodi-
ment. After exposure the plate is immersed in water.
Water penetrates the porous aluminum film and dissolves
the sizing. When the sizing is dissolved the aluminum
film floats off the surface and is removed. The plate
may then be developed in the same manner as the plate
heretofore described in connection with the first embodi-
ment.

In order not to disturb the sensitive coating when ap-
plying the sizing to it, it is desirable that the sizing be
insoluble in the coating solvent and that the coating be
insoluble in the sizing solvent. For example, if an al-
cohol-soluble resin such as shellac is utilized for the elec-
tron-sensitive layer, a water-soluble material such as glue
or starch is satisfactory for the sizing layer. Conversely,
if a water-soluble electron-sensitive material such as poly-
vinyl alcohol is used, the sizing may conveniently be
a material such as notrocellulose that is insoluble in wa-
ter but is soluble in an organic solvent such as amyl ace-
tate. The use of a sizing having a different solution char-
acteristic from the electron-sensitive material also facili-
tates the removal of the sizing and the metallic film from
the exposed plate without damage to the electron-pro-
duced image.

A photographic plate according to a third embodiment
of the invention is illustrated in Figure 3. This plate
comprises an insulating base 4 bearing a coating 6 of a
polymerizable material, but no conductive film between
the base and the polymerizable material. A layer of a
sizing covers the polymerizable material and separates it
from an electron-transparent metal film 10. The plate
is generally similar to the plate according to the preferred
embodiment but for the omission of the conductive layer
2 upon the base. In this plate the electron-permeable
metal film acts as a conductive member and provides an
electron discharge path to prevent the accumulation of
an electrostatic charge on the insulating surface.

This plate may be exposed in an exactly similar manner
as the plates heretofore described. Development is ac-
complished by removing the metal film by dissolving the
sizing in a suitable solvent and dissolving the unexposed
portions of the polymerizable material. The material is
preferably dyed to increase the contrast of an image.
The dye may be included in the material when it is first
laid down on the base or during or after development as
may be desired.

Many organic materials are polymerizable by electron
energy. Materials such as natural and synthetic resins,
collodion, gelatins, gum arabic and albuminous materials
are especially sensitive to electron bombardment and are
satisfactory for use in the practice of the instant inven-
tion.

The effects of electron bombardment on the molecular
structures of these materials are not definitely known.
The gross effect, however, is generally similar to the poly-
mierization of resins by other means. Therefore the term
polymerization is used in this application to mean any
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molecular change induced in 4 material by electron bom-
bardment ‘that fenders the material substantially ifisoluble
in its normal solvérts.

In the practice of the instant invention it is preferred
to 'sensitize the polymerizable material with a sensitizing
agent such as potassium dichromate. ‘A sensitizing agent
permits the forming of a latent image on the film by a te-
latively short exposure to the electron beam. Shortening
of the exposure is desirable for the reasons given herein-
after and also to minimize the effect of the electron beam
on the sizing. If ‘the ‘expostire is ‘téo long the electron
beam may polymerlze the sizing as well as the sensitive
layer, ‘thereby imaking it difficult to remove the profective
metal flih without ‘damaging the séisitive layer.

In certain exposure processes siich as that described by
H. B. Law in his co-pending application heretofore men-
tioned, the electron exposure time is relatively short. For
example, when exposing the photographic plate through
a so-called shadow mask, a total scanning time of about
thirty seconds to five minutes is utilized. The total scan-
ning time is the time during which the electron beam is
permitted to scan across the mask. In certain masks there
may be as many as 300,000 spaced apertures, the aper-
tures comprising about ¥4 or less of the total area of the
mask. It may be seen, therefore, that if a total scanning
time of thirty seconds is utilized the electron beam pene-
trates each hole for a time of only 149,000 Of a second.
If the total scanning time is about five minutes, the ex-
posure time per hole is about 14,000 of a second. Photo-
graphic plates according to the instant invention that
utilize unsensitized polymerizable materials generally re-
quire about four to eight minutes total scanning time in
this process. Plates utilizing sensitized materials may be
fully exposed by scanning for about thirty seconds. It

is desirable to minimize the total scanning time in order to -

minimize the effect of variations in the electrical scanning
circuits that occur over relatively short periods of time.

Generally, electron beams are generated and electron
photographic exposures are made in relatively low pres-
sure vacuums such as about .02y to .04u of mercury. It
is, therefore, important that the materials used in the
photographic plates according to the invention have rela-
tively low vapor pressures. Materials having relatively
high vapor pressures tend to vaporize in a vacuum, ad-
versely affecting both the vacuum system and the photo-
graphic plate.

Although electron-sensitive photographic plates compris-
ing glass bases have been described herein, photographic
plates according to the invention may be constructed
utilizing bases of other materials. For example, trans-
parent materials such as Lucite or mica provide satisfactory
bases.

An opaque base may be utilized if it is desired to leave
the electron-formed image on the plate, or to transfer the
image by means of reflected light. In this instance any
of a large number of materials is satisfactory, and a metal
may be advantageously utilized. When a plate according
to the first-described embodiment of the invention is con-
structed on a metal base it is, of course, not necessary to
provide a silver film, and the electron-sensitive material
may be placed directly on the metal base. The surface of
a metal base provides ample electrical conductivity for
the purpose of electron exposure.

In respect of the first and the preferred embodiments
of the invention a dye or other opacifying material may
be added to the electron-sensitive material to produce a
photographic plate having reudecd sensitivity to ordinary
light, Inclusion of a dye may also be desirable to increase
the contrast of the developed polymerized image when it
is desired to make photographic prints by reflected light
from the plate. However, the use of a dye is not an
essential part of the instant invention. Electron-sensitive
plates according to the invention may be made relatively
insensitive to light of longer wavelength than about 4500
Angstroms. Inclusion of a dye is, therefore, desirable
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only when it is desired to rehder the plate insensitive to
shiort waveletigth light such ‘ds ‘Blise Tight and ultfa-violét
light. »
What is claimed 1s:
1. ‘An &lectron-sénsitive ph"‘tographlc plate comprxsmg
a meétallic ‘base ‘Having a coating ‘of ‘an organic ‘material
d1sposed theleon sa1d matenal bemg 1nsolub1hzable by

film ‘disposed “over and coextensive with said coatmg on

the opposite surface of said coating from said metallic

base for preventing accumulation of electron charges on
said coating.

2. A plate according to claim 1 in which said base
comprises a transparent material and bears an opaque
metal film upon its surface.

3. A plate according to claim 2 in which said trans-
parent material is glass and said metal film is of silver.

4. A plate accerding to claim 1 in which said insolu-
bilizable material is selected from the group consisting
of natural resins, synthetic resins, collodion, gelatin, al-
bumin and gum arabic.

5. A plate according to claim 1 in which said insolu-
bilizable material includes a sensitizing agent thereby to
render it more readily insolubilizable by electron bom-
bardment.

6. A plate according to claim 5 in which said sensitiz-
ing agent is a dichromate salt.

7. An electron-sensitive photographic plate comprising
a base having a metallic surface, a coating of a material
insolubilizable by electron bombardment disposed on
said surface, a coating of a sizing material superimposed
on said insolubilizable material, said sizing being readily
soluble in a solvent in which said insolublizable ma-
terial is relatively insoluble and said sizing being in-
sensitive relative to said insolubilizable material to elec-
tron bombardment, and an electron-transparent metal
film superimposed on said sizing.

8. A plate according to claim 7 in which said base
comprises a transparent material and bears an opaque
metal film upon its surface.

9. A plate according to claim 8 in which said trans-
parent material is glass and said opaque metal film is
silver.

10. A plate according to claim 7 in which said insolu-
bilizable material is selected from the group consisting of
natural resins, synthetic resins, collodion, gelatin, albumen
and gum arabic.

11. A plate according to claim 10 in which said insolu-
bilizable material includes a sensitizing agent thereby to
render said material more readily insolubilizable by elec-
tron bombardment.

12. A photographic plate comprising a base, a film of
a material which is insolubilizable by electron bombard-
ment disposed on a surface of said base, a coating of a
sizing material superimposed on said insolubilizable ma-
terial, said sizing being readily soluble in a solvent in
which said insolubilizable material is relatively insoluble
and said sizing being insensitive relative to said insolu-
bilizable material to electron bombardment, and an elec-
tron-transparent metal film superimposed on said sizing.

13. A photographic plate according to claim 12 in which
said base is of an insulating material.

14. A photographic plate according to claim 12 in
which said base is of a conductive material.

15. A methed of making a photographic image com-
prising treating a film of an insolubilizable, electron-sen-
sitive material by bombarding selected portions of said
film with electrons according to a predetermined pattern
thereby to insolubilize said selected portions to produce
a latent image in said film, and developing said latent
image by dissolving non-bombarded portions of said film
in a solvent.

16. A method of making a photographic image of rela-
tively high contrast comprising placing an opaque metal
film on the surface of a transparent base, superimposing
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