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[57] ABSTRACT

Apparatus for converting a photon input image into an
electron image, intensifying the electron image, and
then depositing the electron image on a dielectric tar-
get medium as an electrostatic charge pattern which
corresponds to the input image. The apparatus com-
prises means for providing a photon image, a photo-
cathode to convert the photon image to an electron im-
age, a microchannel plate which intercepts and pro-
vides electron multiplication of the electron image, and
a multilead array which collects the multiplied elec-
trons. The multiplied electrons are then transferred
onto a dielectric target medium thereby disposing on
the target an electrostatic charge pattern which corre-
sponds to the input image and which may be developed
and fixed by standard techniques.

22 Claims, 7 Drawing Figures
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HIGH SPEED ELECTOSTATIC PRINTING TUBE
USING A MICROCHANNEL PLATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to improved photon to electron
or electrostatic image conversion devices and to elec-
trostatic printing apparatus utilizing the same. More
particularly, this invention relates to high speed appa-
ratus which converts a photon image to an electron im-
age, intensifies the electron image, and then deposits
the electron or electrostatic image on a dielectric tar-
get. The dielectric target may be paper to which toner
is added and fixed to develop the electrostatic image.

2. Description of the Prior Art

There are several well known methods for making a
photon image to electrostatic image conversion which
include “Xerox” and ‘Electrofax” processes. In such
processes a charged photo conductive surface is ex-
posed to the photon image to be reproduced. During
exposure to said image, those areas of the photocon-
ductive surface which are illuminated become conduc-
tive, dissipating the surface charge previously placed
on the photoconductive surface. Those areas which
were not illuminated remain charged and attract toner
particles to develop a visible image which is then fixed.
This process, although commercially successful is com-
plex, costly and is generally incapable of reproducing
half tones and heavy black areas with the desired qual-
ity.

Another known method uses a cathode ray tube,
(CRT), having, instead of a normal screen, an array of
conductive pins embedded in the CRT screen on which
the electron beam impinges. In this method, a televi-
sion type pick-up camera is used to convert the photo
image to a video signal, and the resulting signal then
controls the electron flow between the cathode and the
conductive pin array of the CRT. Standard television
scan speeds and methods of sweep and intensity control
are used to direct the image modulated electron beam
onto the pins. Electron flow from the conductive pin
array onto a dielectric medium results in an electro-
static image which is then developed and fixed by a
method such as that used by the *‘Xerox” process. The
cost and complexity of the combination cathode ray
tube, conductive pin array and auxiliary electronic
components prevents widespread application of this
system. .

Another more recent system is described in U.S. Pat.
No. 3,419,888 by R. M. Levy comprising a photo elec-
tric material which emits electrons in accordance with
an optical image desired to be reproduced. These elec-
trons are captured by a conductive pin or wire array
similar to that used in the cathode ray tube and conduc-
tive pin array combination. One end of said pins being
in very close proximity to the photo electron material.
This electron image is then carried by the conductive
pins or wires directly toward a dielectric material on
which it impresses an electron or electrostatic image
corresponding to the optical input image. The image
may then be developed and fixed by a method such as
the “Xerox” method. This system is presently unac-
ceptable for commercial use because of the very low
current density and the resulting slow writing speed.
Current density determines both the writing speed and
the photo cathode life span. If the current density is in-
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creased to incrcase the writing speed, the life of the
cathode is significantly decreased.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide simple, economical high speed apparatus for
converting a photon image into an electron image, and
transferring said electron image onto a dielectric tar-
get. The image may then be developed and fixed.

Briefly, the high speed photon to electrostatic print-
ing device of this invention comprises means for pro-
viding a photon image of an item or document to be
electrostatically reproduced. Also included is a photon
image to electron image converter and intensifier com-
prising an evacuated container having a first wall por-
tion through which said photon image may be pro-
jected, a photo cathode disposed within said container
to intercept said photon image and give off electrons
corresponding to said photon image, and a microchan-
nel plate disposed within said container for intensifying
said electron image. A multilead array comprises a sec-
ond wall portion of said evacuated container, said mul-
tilead array being disposed such that one surface of said
multilead array is within said evacuated container and
the other surface is outside of said evacuated container
whereby the intensifier electron image from said micro-
channel plate may be conducted out of said evacuated
container. A dielectric target is disposed adjacent to
said outside surface of said multilead array such tha
said intensified electron image may be transferred to
said dielectric target.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration, partly schematic and partly
in cross-section, of an electrostatic printer incorporat-
ing this invention.

FIG. 2 is an illustration, partly schematic and partly
in cross-section, of an alternate embodiment of the de-
vice illustrated in FIG. 1 showing a photon image input
produced by transparent originals.

FIG. 3 is an illustration, partly schematic and partly
in cross-section, of another alternate embodiment of
the device in FIG. 1, showing the photo cathode ap-
plied to the wall portion of the evacuated container.

FIG. 4 is an illustration, partly schematic and partly
in cross-section, of still another alternate embodiment
of the device of FIG. 1, showing the dielectric target
spaced at a distance from the multilead array.

FIGS. 5§ and 6 are exploded oblique illustrations of

two additional alternate embodiments of this invention.

FIG. 7 is a fragmentary illustration of still another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the copier shown in FIG. 1, light modulated by the
image of a document, original paper or other item 10
which is to be reproduced is represented by undulated
arrows 12. The modulated light or photon image is pro-
duced by light from light source 14 being reflected off
of the document 10 to be copied. FIG. 2 shows an alter-
nate method of producing said photon image wherein
light from light source 100 is projected through a docu-
ment or other item 102 to be copied. The term photon
image when used herein not only includes images being
transmitted by visible light rays, but also includes im-
ages transmitted by invisible light rays such as infrared,
ultraviolet and X-rays. Referring again to FIG. 1, lens
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system 16 projects and focuses said photon image
through a first wall portion 18 of evacuated container
20 onto photo cathode 22 supported by glass substrate
24 which converts said photon image into an electron
image by emitting electrons represented by arrow 26 in
a density pattern corresponding to variations in the
photon image of the document being reproduced. Con-
tainer 20 is a sealed structure evacuated to a vacuum
level within the range commonly used by standard vac-
uum tubes such as approximately 107 torr. Said con-
tainer 20 may be formed from any suitable material
such as metal, glass or the like except for said first wall
portion 18 which is formed of a material that will
readily transmit said photon image, such as transparent
glass, and a second wall portion comprising a multilead
array 28 hereinafter described. Suitable photo-
cathodes may readily be fabricated by one familiar with
the art by depositing a layer of photo emissive material
over one surface of a transparent glass substrate. Photo
emissive layers consisting of the alkali metal cesium in
combination with silver, bismuth or antimony will re-
spond to wavelengths of light in the range from infrared
through the visible and ultraviolet and up to and includ-
ing X-rays. Photo emissive layers consisting of any of
the alkali metals or combinations thereof will respond
to wavelengths of light in the range from visible
through ultraviolet and up to and including X-rays.
Photo emissive layers of most other metals will respond
to wavelengths of light in the range from ultraviolet and
up to and including X-rays. The most suitable metals
being aluminum, gold or nickel.

FIG. 3 shows an alternate embodiment of the present
invention wherein the photo-cathode is fabricated by
depositing a layer 104 of photo emissive material or
transparent wall portion 106 of the evacuated con-
tainer.

The negative side of potential source 30, which
source is outside of evacuated container 20, is con-
nected to photocathode 22 by conductive means 32
and the positive side of said potential source is con-
nected to ground. The negative side of potential source
34, which source is also outside of evacuated container
20 and the potential of which is less than potential
source 30, is connected to conductive layer 36 on the
input surface of microchannel plate 38, hereinafter dis-
cussed, by conductive means 40. The positive side of
potential source 34 is also connected to ground. As will
be understood, the potential on conductive layer 36
will therefore be greater than the potential on photo
cathode 22. Accordingly, a potential or electrical field
E, will exist between photo-cathode 22 and conductive
layer 36 which will focus and accelerate the electrons
emitted by photo-cathode 22 toward microchannel
plate 38. The electrons traveling between the photo-
cathode and the microchannel plate may also be fo-
cused by applying a magnetic field which is represented
by arrow B,. However, if an. electrical field E, of be-
tween 10 volts/0.001 inch and 50 volts/0.001 inch ex-
ists between the photo-cathode and the input surface of
the microchannel plate, said electrical field will be suf-
ficient for focusing, and additional magnetic focusing
of the electrons would ordinarily be unnecessary. For
example, if the spacing between the two members is
about 0.02 inch and a potential or electrical field of
300 volts exists between photo-cathode 22 and conduc-
tive layer 36 the electrical field will be about 15
volts/0.001 inch, and the electrons will travel in sub-
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stantially parallel paths without magnetic focusing.
Testing indicates that an electrical field of approxi-
mately 30 volts/0.001 inch and a spacing of betwcen -
0.010 inch and 0.1 inch will produce the most effective
focusing.

The electrons emitted by photo-cathode layer 22 and
illustrated by arrow 26 then enter the electron multi-
plying microchannel plate 38 which is also within evac-
uated container 20. It is to be noted that the drawings
are illustrative only and are not to scale. The micro-
channel amplifier and the multilead array are greatly
enlarged with respect to the other portions of the draw-
ings so that the operation of these components may be
more readily understood. The microchannel plate con-
sists of a plurality of glass tubes or microchannels 42
each having a secondary emissive surface 44 formed on
the inside wall surface of said tubes. The microchannel
plate may be formed in accordance with the teachings
of U.S. Pat. No. 3,341,730 to G. W. Goodrich et al. Mi-
crochannel plates for use as electron multipliers are
normally formed of tubes with an inside diameter of
about 50 microns, and the thickness of the plate or the
length of the tubes are normally in the range of 25 to
100 times the tube diameter. The tube inside diameter
range and the microchannel plate thickness range here-
tofore set out are not critical and in some instances it
may be desirable to operate outside of these given
ranges. The inside diameter range and the length range
as given represent particularly suitable dimensions for
microchannel amplifier plates produced to date. How-
ever, new developments in the field of microchannel
amplifiers may result in other more favorable dimen-
sions. Secondary emissive surface 44 comprises a metal
oxide such as tin oxide, lead oxide, aluminum oxide and
the like, or any other semi-conductive material having
good secondary emissive characteristics such as stron-
tium titanate or vanadium phosphate and the like. A
particularly suitable microchannel plate with a second-
ary emissive surface 44 for use with this invention may
be obtained by forming said microchannel plate from
glass tubes containing lead oxide, and then reducing
some of the lead oxide in the glass to a semiconductive
lead oxide. The technique comprises subjecting the in-
side surfaces of the glass tubes, which form the chan-
nels, to a hydrogen reducing atmosphere at an elevated
temperature ‘which results in a semiconductive lead
oxide being formed. This semiconductive lead oxide
forms in minute globules which are randomly scattered
in the inside surface glass of each tube. The input and
output surfaces of the microchannel plate are provided
with conductive layers 36 and 46 respectively. Each
conductive layer being at least 1000A in thickness and
may be deposited on the ends of microchannel plate 38
by such methods as including but not limited to sputter-
ing and evaporation, said conductive layers may consist
of such materials as aluminum, gold, silver, chrome
filled alloys or the like. In addition to potential source
34 which is connected to conductive layer 36 of said
microchannel plate, the negative side -of potential
source 48, is connected to conductive layer 46 on the
output surface of microchannel plate 38 by conductive
means 50 and the positive side of said potential source
48 being connected to ground. Source 48 is also out-
side of evacuated container 20 and has a potential less
than potential source 34. As will be understood, the po-
tential on conductive layer 46 will therefore be greater
than the potential on conductive layer 36. Accordingly,
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a potential will also exist between the input and output
surfaces of said microchannel plate. During operation
of the microchannel plate, electrons represented by
arrow 26, which have entered said microchannel plate,
impact with channel secondary emissive surface 44,
and give rise to secondary electrons represented by ar-
rows 26’ which in turn impact said secondary emissive
surface further down the channel giving rise to still ad-
ditional secondary electrons represented by arrows
26'’. This cascading process continues for the length of
the channel thereby resulting in a large electron gain.
In addition to intensifying the electron image by in-
creasing the number of electrons available for deposit-
ing on multilead array 28, described hereinafter, micro-
channel plate 38 has a further advantage of requiring
no focusing field in the region of the microchannel
plate since it has parallel tubular holes therein within
which the electrons are confined.

Microchannel plate 38 can provide extremely high
current gains of around 104 to 108, and the gain may be
adjusted below such range to any appropriate value.
Such adjustment may be accomplished by varying the
potential that exists between the input and output sur-
faces of said microchannel plate. This potential is typi-
cally around 1000 volts and provides the operating po-
tential for the microchannel plate. As a result of electri-
cal field E,, to be further discussed hereinafter, which
exists from the output surface of the microchannel
plate, across multilead array 28, to dielectric target 56,
the multiplied electrons will leave the end of the micro-
channel plate and impact on multilead array 28,
thereby depositing an intensified electron image which
corresponds to the input photon image on said multi-
lead array. For the sake of clarity, only the secondary
electrons represented by arrows 26’' in FIG. 1 are
shown leaving said microchannel plate. If necessary or
if otherwise desired, the electrons traveling between
the output surface of said microchannel amplifier and
the adjacent and parallel side of said multilead array
may be focused by a magnetic field represented by
arrow B, s0 that they travel in a path substantially per-
pendicular to the plane of the microchannel plate and
the multilead array. However, if electrical field E, is at
least 10 volts/0.001 inch there will normally be no need
for magnetic focusing between these two members.

Multilead arrays of the type used in this invention are
fabricated by embedding parallel, miniature diameter
on cross-section conductors 52 perpendicular to the
plane of an insulating plate 54 of a material such as
glass, glass-ceramic or ceramic. The ends of conductors
52 are exposed on both faces of said insulating plate 54
thereby providing a plurality of individual conductive
paths through said insulating sheet. A typical multilead
array may contain conductive pins with a diameter of
0.001 inch on 0.004 inch centers. The diameter of the
conductors in a suitable multilead array for this inven-
tion is not critical, and may vary greatly with different
arrays. Some arrays may use conductors with a diame-
ter no greater than 5 microinches, while other arrays
may use conductive pins with a diameter as large as
0.010 inch. The diameter of the glass tubes used in the
microchannel amplifier may also vary greatly as ex-
plained heretofore. Therefore, as an example, FIG. 1
shows the conductive pins of the multilead array as
having a diameter slightly smaller than that of the in-
side diameter of the microchannel amplifier tubes. It is
entirely feasible, however, to use a multilead array hav-
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ing conductive pins with diameters many times grcater
than even the outside diameter of the microchannel
amplifier tubes. If such a selection of components is
chosen, the only change in operation from that illus-
trated by FIG. 1 is that a plurality of microchannel
tubes will feed a single conductive pin. However, be-
cause of the extremely small size of even the largest di-
ameter pin likely to be used in the multilead array, any
decrease in the resolution of the electron image would
be imperceptible to the unaided eye. The thickness of
the multilead array may also vary according to the spe-
cific need.

The electrons on the multilead arraY which comprise
the intensified electron image may then be transmitted
outside of said evacuated container by the conductors
of said multilead array and deposited on a dielectric
target 56 such as paper, glass or the like as an electron
or electrostatic image which correspOnds to the pho-
ton input image. The electrostatic image may then be
developed and permanently fixed by well known tech-
niques such as those commonly used by *“Xerox™ or
“Electrofax’ copiers.

If dielectric target 56 is initially at any potential more
positive, such as ground for example, than conductive
layer 46 of microchannel plate 38, electrical field E,
will exist. As a result of said electrical field E,, not only
will the multiplied electrons from the microchannel
plate be focused and accelerated such that they collect
on said multilead array, but said multiplied electrons
that have collected on said multilead array will be at-
tracted towards said dielectric target where they may
be deposited. Therefore, areas of said target where
electrons are deposited will be charged by said depos-
ited electrons such that the potential of said areas var-
ies from the initial dielectric target potential to a level
significantly below such potential. The electrostatic
image created by the potential variation on the dielec-
tric target corresponds to the intensified electron image
on the multilead array which in turn corresponds to the
input photon image. In the preferred embodiment illus-
trated in FIG. 1 one surface of dielectric target 56 is
fully in contact with a conductive plate 58 which is con-
nected to ground. Therefore, prior to any electron de-
position by multilead array 28, dielectric target 56 is
substantially at ground potential. Consequently, a po-
tential will exist not only between dielectric target 56
and conductive layer 46 of said microchannel plate 38
but also between conductive plate 58 and conductive
layer 46. As a result of grounded conductive plate §8
the potential on said dielectric target will not tend to
vary. It will be readily understood by those skilled in
the art that the toner used to develop electrostatic im-
ages such as those discussed above may be positively or
negatively charged as necessary for proper image de-
velopment.

Since the intensity of the electrostatic image on the
dielectric target determines the quantity of toner at-
tracted to any one portion of said image, a continuous
gray scale between white and black can be reproduced
if the intensity of different portions-of the electrostatic
image corresponds to the gray scale of the correspond-
ing portions of the document or item being reproduced.
The intensity of any portion of an electrostatic image
is determined by how many electrons are deposited in
that portion of the electrostatic image by the corre-
sponding portion of the multilead array, and the
amount of charge or the number of electrons deposited
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by a particular conductive pin will vary proportionally
with variation of the photon image input.

Methods of transferring an electrostatic image from
the multilead array to a dielectric target include but are
not limited to the three discussed below. The first and
simplest method is to place the dielectric target directly
against the multilead array, as is illustrated in FIG. 1,
such that the electrons flow directly from the conduc-
tive pins on to the surface of the dielectric target.

Two other methods involve the use of an arc dis-
charge between the conductive pins and the dielectric
target which is at some predetermined distance from
the conductive pins. Results satisfactory for most appli-
cations may be achieved as long as such distance is no
greater than about 0.002 inch. As is illustrated in FIG.
4, in both arc discharge methods, when the electrical
potential difference between conductive pins 108 of
multilead array 110 and dielectric target 112 reaches
the value necessary for electrical breakdown, the air
therebetween ionizes and an arc discharge occurs as
illustrated by arrows 114.

When said arc discharge occurs between all of the
charged conductive pins and the dielectric target an
electrostatic image is deposited on said dielectric target
which corresponds to the photon input image received
by the photo cathode. The amount of charge deposited
on the target by each conductive pin will vary if either
(1) the number of arc discharges between pin and tar-
get is different for each pin, or if (2) the duration and
intensity of the arc discharge of each pin varies. For ex-
ample, it is assumed that a document to be reproduced
varies from very black through all shades of gray to
very white.

In the first arc discharge method, the light reflected
from the white portions of the document may stimulate
the corresponding areas of the photo cathode to emit
such a large number of electrons that when said elec-
trons are multiplied by the microchannel plate, the cor-
responding conductive pins in the multilead array may
charge up to the level necessary for electrical break-
down and arc discharge several hundred times as the
original document is being exposed. In contrast, the
stimulus to a corresponding area of the photo cathode
from the very black portions of the document may be
so slight and the emitted electrons so few that, even
after multiplication by the microchannel amplifier, the
corresponding pins in the multilead array may never
reach the necessary potential for even a single arc dis-
charge during the time the original document is being
exposed. Between these extremes, an electrostatic
image with varying charge intensity is produced which
corresponds to the gray scale of the original document.
That is, the number of arc discharges of different con-
ductive pins will vary from zero up to the maximum
possible as the portions of the document being repro-
duced vary from black through various shades of gray
to white. _

In the second arc discharge method, an electron im-
age, which corresponds to the document being repro-
duced is generated on the multilead array by charging
the individual pins in said multilead array to different
levels during the period said document is exposed.
Variations in the level of charge between any one con-
ductive pin and another is determined by variations in
the gray scale of the document being reproduced. After
the electron image has been generated on the multilead
array, the complete array is then discharged at one time
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onto the dielectric target. The amount of charge depos-
ited on any one portion of said target depends upon the
amount of charge existing on the corresponding con-
ductive pin or pins just prior to the arc discharge. The
discharge of the multilead array may be initiated when
desired by any suitable technique including but not lim- -
ited to bringing the target closer to said array, thus re-
ducing the potential difference necessary for an arc dis-
charge; or by changing the target potential or the po-
tential of the conductive back plate in a step change
such that the electrical potential difference between
each of the conductive pins and the dielectric target is
sufficiently great to initiate an arc discharge.

In tests using an apparatus built in accordance with
the present invention, excellent high quality electro-
static images have been produced by exposing the
photo cathode to a photon image of a document to be
reproduced for a period of time of not less than 2 milli-
seconds, and acceptable quality images have been pro-
duced by exposure periods of as low as 0.1 millisec-
onds. Therefore, apparatus built in accordance with the
teachings of this invention has a theoretical copying
speed or reproducing speed of at least 500 copies per
second. It is to be further noted that this high copying
speed is possible because of the high amplification
available from the microchannel amplifier. The copy-
ing speed may be increased by increasing microchannel
amplifier gain.

In addition to transferring the electrostatic image di-
rectly onto a target where it is developed and perma-
nently fixed, the electrostatic image may be transferred
from multilead array 120 onto a dielectric drum 122 or
plate for temporary storage and then subsequently
transferred onto another dielectric material such as
paper 124 or glass on which the electrostatic image is
developed and permanently fixed, as illustrated in FIG.
7.

FIG. § illustrates one embodiment of the present in-
vention wherein an electrostatic image of the entire
document to be copied is produced at once. For the
sake of clarity the evacuated container is not shown in
this illustration. The entire document 200 is illumi-
nated by light source 202, and a photon image corre-
sponding to the complete document is projected from
said document through lens system 204 toward photo
cathode 206. The photo cathode 206, microchannel
amplifier 208, multilead array 210, and the dielectric
target 212 are all at least of a size sufficient to produce
a resulting electrostatic copy of the complete docu-
ment. Accordingly, all portions of the photon image are
converted to an electron image, intensified and then
deposited on the dielectric target at substantially the
same time.

FIG. 6 illustrates another embodiment of the present
invention wherein the original document to be copied
moves past the photo cathode. For the sake of clarity,
the evacuated container is not shown in this illustra-
tion. Document 300 to be copied is illuminated by light
source 302 such that a photon image of a portion of
said document is projected through lens system 304
onto photo cathode 306. Document 300 moves in di-
rection X such that said photon image of the top por-
tion of the document is projected onto photo cathode
306, and as the document continues to move said pho-
ton image of said top portion passes out of range of said
photo cathode and the photon image of a succeeding
lower portion of the document moves into range. The
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movement of the document past the photo cathode
continues until said photo cathode has been exposed to
photon images comprising the entire document. The
electrons emitted by said photo cathode are multiplied
by a microchannel amplifier 308 and impinge and are
collected by multilead array 310 from which they are
transmitted to a dielectric target precisely in the same
manner as previously described. Dielectric target 312,
of a material such as paper, moves in direction Y past
the output end of the multilead array at a speed syn-
chronized to the speed of the document moving past
the photo cathode and illuminating light. Because of
such synchronous motion an electrostatic image corre-
sponding to the complete document is transferred to
said dielectric target as said target moves past said mul-
tilead array 310. The electrostatic image may then be
developed and permanently fixed by known methods.
This embodiment, although more complex than the
embodiment of FIG. 5§ due to the requirement of syn-
chronous movement of the document to be copied and
the target paper, can use a photo cathode, microchan-
nel amplifier, and multilead array of considerably
smaller size than can be used in the embodiment of
FIG. 5. This smaller size is possible because the com-
plete electrostatic image of the document to be copied
is not produced at one time. Although the embodiment
of FIG. 6 is described in terms of the original document
moving past the photo cathode, and the dielectric tar-
get moving past the multilead array, there are other
possible methods of obtaining the necessary motion be-
tween the respective components still consistent with
the teachings of this invention. For example, the docu-
ment and the dielectric target may be stationary during
the exposure period while the photo cathode, micro-
channel plate and multilead array combination move
between or past said document and dielectric target.
Further, there may be a combination of linear or arcu-
ate movement of any or all of the document, target, and
the combination of the photo cathode, microchannel
plate and multilead array.

A specific example of working prototype of an elec-
trostatic copying device of the type illustrated in FIG.
3 and built in accordance with the teachings of this in-
vention follows. A muitilead array of approximately
0.090 inch thick comprising a sheet of glass in which
approximately 0.001 inch diameter conductive pins
were embedded on approximately 0.004 inch centers.
The ends of said conductors were exposed in the multi-
lead array input and output surfaces. A cylindrically
shaped hollow container was provided and the multi-
lead array was used to cap off one end thereof compris-
ing the output end of the device.

The photo cathode was fabricated by vacuum evapo-
rating a film of aluminum having a thickness of 300A
onto one surface of a % inch thick disk shaped glass
substrate. Such a photo cathode is readily stimulated by
ultraviolet light with a wavelength of approximately
2537A.

A disk shaped microchannel amplifier was aligned
with said photo cathode and spaced approximately
0.020 inch away from the coated size of said photo
cathode. Said amplifier comprised of a plurality of lead
oxide containing glass tubes of approximately 0.1 inch
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inches. The secondary emissive layer on the inside sur-
face of each of the microchannel glass tubes was pro-
duced by subjecting said surfaces to a hydrogen atmo-
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sphere at approximately 425°C. A conductive alumi-
num film was deposited by vacuum evaporation on the
input and output surfaces of said amplifier. '

The above components were placed in said container
and disposed so that the output surface of the micro-
channel amplifier was spaced approximately 0.01 inch
away from the inner surface of the multilead array.

The negative side of an approximately 1600 volt DC
source was connected to said photo cathode and the
positive side of said 1600 volt source was connected to
ground. The negative side of an approximately 1300
volt DC source was connected to said conductive layer
on the input side of said microchannel plate, and the
positive side of said 1300 volt source was connected to
ground. Therefore, a potential of approximately 300
volts existed between said photo cathode and the input
side of said microchannel plate. As a result of said 300
volt potential and the small spacing between the two
components magnetic focusing was not required to di-
rect the electrons emitted from the photo cathode onto
the microchannel amplifier plate. The negative side of
an approximately 300 volt DC source was connected to
the conductive layer on the output side of said micro-
channel plate, and the posiitive side of said 300 volt
source was connected to ground. Therefore, a potential
of approximately 1000 volts existed between the input
and output of said microchannel plate. A sheet of trans-
parent glass sealed the remaining open end of the cylin-
der. The container was then evacuated to 1077 torr.

The components contained inside the cylinder and
the multilead array were all oriented such that the de-
sired electron image flow was parallel to the axis of said
cylinder. That is, the photon image entered the input
end of the cylinder through the transparent sheet of
glass, and an electrostatic image was generated on the
multilead array at the output end.

During operation, a document was illuminated for at
least 2 milliseconds by a mercury light source which
emitted ultraviolet light waves of approximately
2537A, and the photon image reflected from said docu-
ment was focused by a lens system through the trans-
parent glass at the input end of the cylindrical con-
tainer onto the photo cathode. A grounded backing
plate supported a piece of common bond paper which
was placed against the output end of the multilead
array such that the electron image generated on said
multilead array was transferred to said paper. The
paper containing the electrostatic image was then de-
veloped and permanently fixed. Experiments showed
that excellent copies could be obtained even if up to
eight hours elapsed between the time the electrostatic
image was impressed on the paper and the time the
paper was developed. Relative humidity of the sur-
rounding atmosphere was found to be one of the most
critical factors affecting the life span of the underdevel-
oped electrostatic image on the paper.

Although the present invention has been described
with respect to specific details of certain embodiments
thereof, it is not intended that such details be limita-
tions upon the scope of the invention except insofar as
is set forth in the following claims.

I claim:

1. A high speed electrostatic printing apparatus com-
prising

means to provide a photon image;

a photon to electron image converter and intensifier

comprising



3,757,351

i1

an evacuated container having a first wall portion
through which said photon image may be pro-
jected,

a photo cathode disposed within said evacuated
container for intercepting said photon image and
converting it to an electron image,

a microchannel plate having an input surface and
an output surface disposed and aligned within
said evacuated container such that said input sur-
face is adjacent and parallel to said photo cath-
ode for intensifying said electron image,

a multilead array comprising a second wall portion

of said evacuated container having a plurality of

conductors embedded in an insulating plate hav-
ing two broad surfaces parallel to the plane of
said plate, said conductors being oriented per-
pendicular to the plane of said insulating plate
such that one end of insulating conductor is ex-
posed at each broad surface of said insulating
plate, said multilead array being disposed such
that one broad surface is within said evacuated
container and is adjacent and parallel to said out-
put surface of said microchannel plate for col-
lecting said intensified electron image and the
other broad surface forms a portion of the out-
side surface of said evacuated container; and
dielectric target for receiving said intensified
electron image from said conductors of said mul-
tilead array, said dielectric target having one sur-
face thereof disposed adjacent to said other
broad surface of said multilead array.

2. The electrostatic printing apparatus of claim 1 fur-
ther comprising means for applying an electrical poten-
tial between said photo cathode and said input surface
of said microchannel plate for accelerating and focus-
ing electrons leaving said photo cathode.

3. The electrostatic printing apparatus of claim 1 fur-
ther comprising a magnetic field between said photo
cathode and said microchannel plate to focus said elec-
tron image onto said microchannel plate.

4. The electrostatic printing apparatus of claim 1 fur-
ther comprising means for applying an electrical poten-
tial between the input and output surfaces of said mi-
crochannel plate.

5. The electrostatic printing apparatus of claim 1 fur-
ther comprising means for effecting an electrical poten-
tial between said output surface of said microchannel
plate and said dielectric target.

6. The electrostatic printing apparatus of claim 1.fur-
ther comprising a magnetic field between said micro-
channel plate and said multilead array to focus said
electron image onto said multilead array.

7. The electrostatic printing apparatus of claim 1 fur-
ther comprising an electrically conductive plate con-
nected to ground disposed adjacent to and in contact
with the surface of said dielectric target opposite said
multilead array.

8. The electrostatic printing apparatus of claim 1
wherein said dielectric target is disposed in contact
with said conductors of said multilead array.

9. The electrostatic printing apparatus of claim 1 fur-
ther comprising

means for applying a potential between said photo

cathode and said input surface of said microchan-

nel plate such that said photo cathode is at a lower
potential than said input surface of said microchan-
nel plate, :
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means for applying a potential between said input
and output surfaces of said microchannel plate
such that said input surface is at a lower potential
than said output surface,

a conductive plate connected to ground in contact
with said dielectric target, and

means for applying a potential between said output
surface of said microchannel plate and said con-
ductive plate such that said output surface of said
microchannel plate is at a lower potential than said
conductive plate.

10. The electrostatic printing apparatus of claim 1
wherein said means to provide a photon image includes
an item to be electrostatically copied further compris-
ing a means to move said item and said dielectric target
in synchronous motion.

11. The electrostatic printing apparatus of claim 1
wherein said means to provide a photon image includes
an item to be electrostatically copied further compris-
ing means to move said image converter and intensifier
between said item and said dielectric target.

12. The electrostatic printing apparatus of claim 1
wherein said means to provide a photon image includes
an item to be copied further comprising means to move
said image converter and intensifier, said item, and said
dielectric target in synchronous motion.

13. The electrostatic printing apparatus of claim 1
wherein said means comprises

an item to be electrostatically copied,

a light source, the light of which is modulated by said
item to be copied thereby producing a photon im-
age, and

a lens system for projecting said photon image.

14. The electrostatic printing apparatus of claim 13
wherein said dielectric target is disposed in contact
with said conductors of said multilead array and further
comprising

means for applying a potential between said photo
cathode and said input surface of said microchan-
nel plate such that said photo cathode is at a lower
potential than said input surface of said microchan-

~nel plate,

means for applying a potential between said input
and output surfaces of said microchannel plate
such that said input surface is at-a lower potential
than said output surface,

a conductive plate connected to ground in contact
with said dielectric target, means for applying a po-
tential between said output surface of said micro-
channel plate and said conductive plate such that
said output surface of said microchannel plate is at
a lower potential than said conductive plate, and

means to move said item to be copied and said dielec-
tric target in synchronous motion.

15. The electrostatic printing apparatus of claim 13
wherein said dielectric target is disposed in contact
with said conductors of said multilead array and further
comprising

means for applying a potential between said photo
cathode and said input surface of said microchan-
nel plate such that said photo cathode is at a lower
potential than said input surface of said microchan-
nel plate,

means for applying a potential between said input
and output surfaces of said microchannel plate
such that said input surface is at a lower potential
than said output surface,
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a conductive plate connected to ground in contact
with said dielectric target,

means for applying a potential between said output
surface of said microchannel plate and said con-
ductive plate such that said output surface of said
microchannel plate is at a lower potential than said
conductive plate, and

means to move said image converter and intensifier
between said item to be copied and said dielectric
target.
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16. The electrostatic printing apparatus of claim 13 -

wherein said photo cathode, microchannel plate, multi-
lead array and dielectric target each have at least as
much surface area as the resulting electrostatic copy of
said item such that said item may be reproduced at one
time, said dielectric target being in contact with said
conductors of said multilead array and further compris-
ing

means for applying a potential between said photo

cathode and said input surface of said microchan-
nel plate such that said photo cathode is at a lower
potential than said input surface of said microchan-
nel plate,

means for applying a potential between said input

and output surfaces of said microchannel plate
such that input surface is at a lower potential than
said output surface,

a conductive plate connected to ground in contact

with said dielectric target, and

means for applying a potential between said output

surface of said microchannel plate and said con-
ductive plate such that said output surface of said
microchannel plate is at a lower potential than said
conductive plate.

17. The electrostatic printing apparatus of claim 13
wherein said light from said light source is modulated
by reflecting at least a portion of said light from said
item to be copied.

18. The electrostatic printing apparatus of claim 13
wherein said light from said light source is modulated
by transmitting at least a portion of said light through
said item to be copied.

19. The electrostatic printing apparatus of claim 1
wherein said dielectric target is no further than 0.002
inch from said conductors, and said intensified electron
image is transferred to said dielectric target by arc dis-
charge.

20. The electrostatic printing apparatus of claim 1
wherein said microchannel plate embodies a plurality
of channels, the inner surfaces of said channels con-
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taining a resistive secondary-electron emissive layer,
the openings at the ends of said channels being at said
input and output surfaces of said microchannel plate.

21. The electrostatic printing apparatus of claim 22
wherein said microchannel plate comprises a plurality
of tubular members, the ends of which form said input
and output surfaces of said microchannel plate.

22. A high speed electrostatic printing apparatus
comprising

means to provide a photon image;

a photon to electron image converter and intensifier

comprising

an evacuated container having a first wall portion .
through which said photon image may be pro-
jected,

a photo cathode disposed within said evacuated
container for intercepting said photon image and
converting it to an electron image,

a microchannel plate having an input surface and
an output surface disposed and aligned within
said evacuated container such that said input sur-
face is adjacent and parallel to said photo cath-
ode for intensifying said electron image,

a multilead array comprising a second wall portion
of said evacuated container having a plurality of
conductors embedded in an insulating plate hav-
ing two broad surfaces parallel to the plane of
said plate, said conductors being oriented per-
pendicular to the plane of said insulating plate
such that one end of each conductor is exposed
at each broad surface of said insulating plate,
said multilead array being disposed such that a
first broad surface is, within said evacuated con-
tainer and is adjacent and parallel to said output
surface of said microchannel plate for collecting
said intensified electron image, and the second
broad surface forms a portion of the outside sur-
face of said evacuated container;

a first dielectric target for receiving and temporar-
ily storing said intensified electron image from
said conductors of said multilead array, said first
dielectric target having one surface thereof dis-
posed adjacent to said second surface of said
multilead array; and

a second dielectric target disposed in such manner
as to receive said electron image from said first
temporary storage target, said second target
being the one on which the electrostatic image is

permanently developed and fixed.
* * * * *




