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[57] ABSTRACT 

In the formation of visible copies of an image, the use 
of an ion modulating array provided with an asymmet 
rical photosensitive coating together with means to 
electrostatically develop the ion image. 
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IMAGING SYSTEM IEMI’LOYING IONS 
This application is a continuation in part of our ear 

lier ?led application Ser. No. 178,521 ?led Aug. 27, 
1971. 
This invention relates to image reproduction and 

more particularly to a method and apparatus for the ef 
ficient formation of ion patterns corresponding to an 
optical image. 

In conventional plain paper electrostatic photogra 
phy, an insulating photoconductor is charged with a co 
rona source of ions, exposed, the charge image devel 
oped with toner, the developed image transferred to 
plain paper, and ?nally, the toned image is fixed, gener 
ally by fusing. After the transfer operation, the residual 
image is erased from the surface of the photoconductor 
and the photoconductor is cleaned in preparation of a 
repetition of the process. Although employing plain pa 
per, this process is complicated by the requirement for 
a number of different machine operations. In addition, 
the photoconductor suffers wear over a period of time, 
since the surface of the photoconductor is repeatedly 
rubbed by toner particles, cleaning brushes and paper 
surfaces. 
A related process employs a photoconductively 

coated conducting paper. The photoconductor, gener 
ally zinc oxide (although organic photoconductors may 
be employed), is first charged, then exposed, and the 
image toned. Here the photo-conductor is not reusable 
and thus the wear and tear restrictions in the aforemen 
tioned process are eliminated. In addition, the machine 
operation, requiring four steps, is simpli?ed. The disad 
vantage of this process is associated with the require 
ment for coating the paper with a photoconductor. 
These photoconductively coated papers are signifi 
cantly more expensive than plain uncoated paper. In 
addition, because of the heavy photoconductor coating 
(the coating weight generally amounting to 20 pounds 
per 3,000 ft2 ream), the papers are heavy and have a 
feel quite different from plain paper. 
A principal object of the present invention is to sim 

plify the conventional plain paper electrophotographic 
process and the apparatus by which it is carried out. 
Another object of the invention is to provide an 

image reproduction method wherein there is no physi 
cal contact of the photoconductor with either devel 
oper or paper. 

In addition to having the advantages of eliminating 
photoconductor wear and simplifying the number of 
machine operations, the method and apparatus of this 
invention do not require a photoconductively coated 
paper. In comparison therefore to electrostatic copy 
processes employing photoconductive paper, the pro 
cess of this invention has the advantage of lower paper 
cost through the use of a dielectric coated paper which 
has the feel, weight and appearance of a plain bond pa— 
per. 
Another object of the invention is to provide an 

image copying means whereby photoconductor de 
fects, attracted dust and the like do not appear in the 
final copy; these defects being integrated out during an 
exposure. 

In the present invention, a fine mesh screen or grid 
coated with a photoconductor is employed to spatially 
modulate a ?ow of ions in accordance with an optical 
image projected onto said fine mesh screen or grid. 
U.S. Pat. No. 3,220,324 discloses an apparatus and 

method of forming an electrostatic charge pattern con 
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2 
forming to an optical image on a chargeable member 
which includes an electrically conductive screen having ' 
a photoconductive layer thereon. In following the 
teachings of this patent, it is found that the control ra 
tio, i.e., the ratio of ion current passing through the 
screen between nonilluminated and illuminated condi 
tions, is quite low. Under optimum conditions, this 
ratio is near 2. 

According to the present invention, a conductive 
screen or apertured plate which is coated asymmetri 
cally with a photoconductor is utilized. Asymmetry, as 
employed in this sense, refers to a variation in photo 
conductor thickness with position around the periphery 
of the apertures in the screen or plate. (Presence and 
absence of photoconductor is an extreme case of thick 
ness variation.) As a consequence of this asymmetry, it 
is possible to obtain a contrast ratio of several hundred. 
One preferred embodiment of the present invention 

employs an insulating screen woven from a Nylon or 
Dacron mono?lament which is first coated with an 
electrically conductive material and then coated, in an 
asymmetrical fashion, with a photoconductor. 
The screen structure, the method of forming the 

screen and the apparatus for utilizing the screen for the 
formation of visible images will be more fully apparent 
from the description which follows taken with the 
drawings in which: 
FIG. 1 is a schematic view of an apparatus for prepar 

ing electrostatic charge images, corresponding to a pro 
jected optical image, upon an image receptive surface; 

FIGS. 2, 2A and 2B are cross section views ofa mod 
ulating conductive screen illustrating the asymmetric 
nature of the photoconductive coating thereon; 
FIG. 3 is a similar cross section illustrating the geom 

etry of a dielectric or insulating screen coated asym 
metrically with both a conducting layer and a photo 
conductor; 
FIG. 4 is a fragmentary view of a section through a 

metal plate having a plurality of apertures and which is 
asymmetrically coated with a photoconductor; 
FIGS. 3A and 4A are enlarged views, in section, of 

portions of FIGS. 3 and 4; 
FIG. 5 illustrates schematically a means for moving 

the photoconductively coated screen and the corona 
wires during an exposure; 
FIG. 6 illustrates a means for continuously supplying 

a fresh modulating screen during the operation of a 
copy device; 
FIG. 7 illustrates a modi?cation including a photo 

conductively coated screen in copy operations wherein 
the final image is formed upon plain paper, that is, 
paper which is not capable of sustaining a charge im 
age; and 
FIG. 8 illustrates an embodiment of the invention 

which employs a screen grid to electrically isolate a 
chargeable member’s surface potential from the screen 
potential. 
Referring now to FIG. 1, illustrating an apparatus for 

preparing electrostatic images on an image receptor 
surface, the apparatus comprises an electrically con 
ductive platen 10 upon which is supported a conduct 
ing paper 12 having a thin dielectric coating 114. A co 
rona modulating screen, grid or aperture plate 16 con 
trols the ion current reaching the surface of the dielec 
tric paper in accordance with an optical image pro 
jected onto element 16. A corona source is provided, 
which may comprise one or more fine wires I8. The co 
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rona operating potential is supplied by power supply 
20. The paper support substrate 10 is maintained at a 
selected potential provided by power supply 21. Elec 
tronic controls 24 provide a means for simultaneously 
turning on power supplies 20, 21 and an illumination 
source for a projector 22. Projector 22 provides the 
image which is to be copied; this image being focused 
upon screen 16. 

Although in this embodiment the optical image is 
provided by a projector such as might be employed in 
the projection of microfilm images to obtain hard copy, 
it will be understood that projector 22 could be re 
placed by a cathode-ray tube display using a projection 
lens system or by an original document support plus a 
projection system for conventional office copy, or any 
other suitable source of optical image depending upon 
the application of the apparatus. It should also be un 
derstood that, although these examples herein employ 
an optical (light) exposure, the input to the screen may 
consist of alternate forms of energy to which the photo 
conductor employed exhibits sensitivity. These other 
radiations generally include X-rays, gamma rays, and 
alpha and beta particles. 
A single corona wire 18 is shown in FIG. 1. In order 

to provide a uniform corona over a large area, a plural 
ity of corona wires may be utilized — all connected in 
parallel to power supply 20. In order to provide suffi 
cient corona current, the corona wire diameter should 
be less than 10 mils and to simplify handling of the 
wire, the wire diameter should be greater than 1 mil. A 
preferable wire diameter for this application is 2 mils. 
Using a single corona wire spaced approximately 1 inch 
above modulating screen 16, uniform charging, in ac 
cordance with the projected optical image, of the di 
electric paper occurs over an area equal to the length 
of the corona wire and a distance between 1 and 2 
inches normal to the direction of the corona wire at the 
paper. In order to provide for more uniform charging, 
the corona wire(s) may be moved, in a plane parallel 
to the screen, during the exposure. 
A dielectric paper 12 is shown in FIG. 1, such papers 

being available from a variety of paper mills and being 
employed widely in high speed computer printers and 
recorders. The dielectric coated paper may be replaced 
with any of a wide variety of plastic films ranging in 
thickness of 0.1 to 5 mils. Images have been success 
fully formed on both polyester and acetate ?lms; and, 
indeed, any ?lm which has a dielectric relaxation time 
in excess of a few seconds and which falls within the 
aforementioned thickness range may be employed in 
the apparatus of FIG. 1. 

Since, under conditions of toner development to 
completion, the final image density is proportional to 
the charge density on the dielectric coating; variations 
in dielectric coating thickness do not lead to variations 
in the ?nal image density and thus the uniformity of the 
dielectric coating is not critical in this application. 
Means for mechanically transporting the dielectric 

paper or plastic film under the corona modulating 
screen, maintaining said paper (film) stationary during 
the exposure, and then removing the paper from the 
imaging station are not shown in FIG. 1; these mechani 
cal features being well known to those skilled in the art. 
FIG. 1 shows the corona modulating screen maintained 

“ at ground potential. In this event, the potential on the 
corona wire 18 and backing plate 10 must be opposite 
in polarity. Thus, if the corona wire is maintained at a 
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4 
positive potential, the backing plate must be main 
tained at a negative potential so that positive ions emit 
ted from the corona wire are accelerated to the dielec 
tric paper after passing through the meshes of screen 
16. Alternately, the backing plate 10 might be main— 
tained at ground potential, screen 16 at a positive po 
tential, and corona wire 18 at an even higher positive 
potential. 
A single corona wire may be mounted upon a car 

riage and, during an exposure, the wire may be made 
to traverse the screen thus providing a uniform corona 
current exposure at the screen. In this case, a scanning 
imaging system, well known in the art and employed in 
a number of commercial copy machines, may be uti 
lized to project a traveling section of the image at the 
corona wire. 

The potential required between corona wire 18 and 
screen 16 must be at least sufficient to initiate a corona 

current, i.e., at least 4 to 5 kv. The higher the potential 
the greater the ion current and hence the more rapidly 
dielectric paper may be charged and the lower the re 
quired exposure time. The upper limit of corona poten 
tial is realized when sparking occurs between corona 
wire 18 and screen 16. This is, of course, a function of 
the spacing between 16 and 18. Corona potentials as 
high as 25 kv have been successfully employed in this 
invention. 
The potential required between screen 16 and back 

ing plate 10 depends upon the spacing between said 
members and the required resolution of the electro 
static image formed on the charge supporting member. 
If the potential for a given spacing is too high, sparking 
will occur between the chargeable member and screen 
16. Furthermore, at high potentials for a given spacing, 
the resolution of the charge image is sufficiently high 
so that a screen pattern corresponding to the screen 16 
is observed in the charge pattern laid down on the 
chargeable member. A preferred electric ?eld, in this 
region, is 20 kv per inch. This corresponds to an ap 
plied potential of 10 kv at a ‘A inch spacing or 1 kv at 
a 50 mil spacing. At this electric field, the corona cur— 
rent passing through screen 16 and onto the chargeable 
member follows the ?eld line sufficiently well so that a 
resolution of 6 to 10 line-pairs/mm is readily obtained 
with screens having from 325 to 500 meshes per inch. 
At electric fields in the range of 50 to 100 kv per inch, 
sparking occasionally occurs and the screen mesh pat 
tern appears in the image. At ?elds below approxi 
mately 3 kv per inch, ion spreading is observed with 
subsequent degradation of image resolution. 
The exposure times required are a complicated func 

tion of the corona voltage, corona-to-screen spacing, 
light intensity at the screen, nature of the photoconduc 
tor, and also the nature of the charge receiving member 
and the type of development employed in converting 
the electrostatic image into a visible image. In general, 
the required screen illumination ranges from 1 to 50 
ft.-candles of tungsten illumination and the exposure 
times range from 0.1 to 3 seconds. 
FIG. 2 is a cross-sectional view of a wire mesh screen 

coated with a photoconductor. The wire mesh 30 may 
be formed of any available metal or alloy, typical mate 
rials including brass, stainless steel, aluminum or phos 
phor bronze. The mesh size, i.e. the numbers of wires 
per linear inch, may range from 100 to 1,000. A 200 
mesh screen will provide a resolution of 2 to 4 line 
pairs/mm while a 500 mesh screen is capable of provid 
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ing 7 to 14 line-pairs/mm. The photoconductive coat 
ing 32 is shown here as being offset by an angle of 45° 
from the normal. Hence one side of the mesh openings 
will have a thicker photoconductive coating than the 
other side (said other side may have no such coating at 
all). By forming the photoconductor in an asymmetri 
cal manner such as this, much higher contrast ratios, 
i.e., ion current transmissivity ratio between dark and 
light areas, are obtained in comparison to when the 
photoconductor either totally surrounds the screen or 
is evaporated normal to the plane of the screen. In 
creases in contrast ratio are observed at deposition an 
gles from the normal between 15° and 75°, the region 
of 30° to 60° providing the highest contrast ratios. 
One preferred way of applying the photoconductor 

to the screen 30 is by vacuum vapor deposition. The 
material to be vaporized is placed in a crucible or metal 
container which is electrically heated. The screen to be 
coated is supported above the crucible at an angle, gen 
erally 45°, with the normal. The orientation of the 
weave of this screen is not critical. Thus, either the 
warp or Woof of the weave may be parallel to the 
ground or run at any angle to the ground without ad 
versely affecting the contrast ratio. 

In FIG. 2A, a single element of the array is shown, in 
section, showing the manner in which the photosensi 
tive coating 32 is disposed on the base 30 in order to 
produce the asymmetry relative to the mesh aperture 
peripheries. FIG. 3A is a similar view showing the dis 
position of both the photoconductive coating 37 and 
the electrically conductive coating 36 on the insulating 
filament base 34. FIG. 4A is a similar view of the array 
in FIG. 4. 
FIG. 2B is a diagrammatic cross section 'of another 

suitable asymmetrical grid structure. Here, a large 
number of fine wires 30 are stretched to form a parallel 
wire grid. Typical wire diameters are 1 mil and the cen 
ter-to-center spacings 2.5 mils. Only alternate wires are 
coated with a photoconductive layer 32. These alter 
nate wires may be precoated by dipping in a molten se 
lenium bath, or by vacuum vapor deposition, or any of 
a number of techniques for providing such coatings. 
The grid is formed by simultaneously winding the two 
wires (the one photoconductively coated and the other 
bare) on a mandrel to form the precise required grid 
structure. 
FIG. 3 shows another embodiment of the present in 

vention; the screen 34B being fabricated from an insulat 
ing material. Typical insulating materials employed in 
this invention are woven fabrics consisting of monofila 
ment polypropylene, polyester or polyamide. Such 
woven fabric screens are available in mesh sizes to over 

325 mesh, are extremely strong and are much less ex 
pensive than corresponding metal woven screens. In 
FIG. 3A, the dielectric mesh 34 is shown having a con 
ductive coating 36 on the bottom and a photoconduc~ 
tive coating 37 on the top and offset from the normal 
by 45°, the two coatings overlapping or otherwise 
touching so as to produce an electrical connection 
therebetween. The conductive layer is preferably 
formed by vacuum vapor deposition of an electrical 
conductor, such as aluminum, gold or Nichrome. 

Satisfactory results are obtained if the woven screen 
is replaced by a grid of closely spaced wires; the wires 
being formed either from conducting material, as illus 
trated in FIG. 2, or from insulating mono?laments 
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6 
which are subsequently coated with a conductive mate 
rial, as shown in FIG. 3. 
An alternate photoconductor support is shown in 

FIG. 4, which is a cross-sectional view of an aperture 
plate. The supporting plate 38, having a thickness in 
the range of l to 5 mils, may be fabricated by etching 
a plurality of holes through the surface and then coat 
ing the material with a photoconductor at an angle 
from the normal as shown in FIG. 4. Alternately, the 
plate 33 may be fabricated from a plastic sheet which 
also contains a plurality of holes etched in the surface. 
In the case of an insulating support sheet, a conductor 
would be deposited on the sides of the holes and bot 
tom of the plate in a manner similar to that shown in 
FIG. 3. 
The mesh screens may be woven with either a plain 

square weave or a twill square weave. With a twill 

square weave, however, the resolution in one direction 
is degraded slightly. 

In many cases, a higher contrast ratio is observed if 
the screen is mounted so that the photoconductor 
coated side faces the corona wires. A somewhat lower 
contrast is obtained with the photoconductor coated 
side facing away from the corona wires. 
One of the many advantages of the present invention 

in comparison to conventional electrostatic photo~ 
graphic systems involves a relaxation in the require 
ments for high dark resistivity of the photoconductor. 
A typical selenium xerographic plate or drum has a ca 
pacity close to 100 pf/cmz. If such a plate is charged to 
500 volts and the allowable voltage decay must be 100 
volts or less in a period of 1 second (the minimum time 
interval between charging and image development), 
then a simple calculation will show that the dark cur 
rent through the plate must be less than 10'8 amp/cm’, 
or the plate dark resistance must be in excess of 5 X 
10"’ ohm/cm2 of plate area. In a typical screen modula 
tion apparatus, as described herein, the corona current 
to the screen might be in the range of 3 X 10‘6 
amp/cmz. In order to provide effective modulation of 
the screen corona current, it is estimated that a voltage 
drop of at least 100 volts is required across the photo 
conductor coating of the screen. Thus, the photocon 
ductor resistance in the dark must be in excess of 3 X 
107 ohm/cm2 of the screen area. This represents a 
1,000 fold reduction in the maximum dark resistance 
of the photoconductor coating the screen in compari 
son to photoconductors employed in conventional 
electrostatic photography. The relaxation of this con 
straint permits the utilization of a much wider range of 
photoconductor materials, particularly those having 
higher sensitivity and/or extended red response. Evapo 
rated photoconductors such as zinc cadmium sul?de, 
zinc cadmium selenide and cadmium sulfide, which, in 
the vapor deposited form, have too low a resistivity for 
conventional electrostatic photography are suitable for 
preparing screens in the manner described in this in 
vention. In addition, the selenium alloys having ex 
tended red light response such as selenium-tellurium 
alloys containing more than 10 percent tellurium and 
selenium-arsenic alloys containing at least 50 percent 
arsenic may also be employed in this invention. 
Although the asymmetrical photoconductor deposi 

tion onto either a conducting or nonconducting screen 
may be readily carried out by vacuum vapor deposi 
tion, it is also possible to prepare photoconductive 
coated screens using photoconductor binder layers. 
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One preferred method of forming such a screen is to 
spray, using an air gun, the photoconductor binder 
layer material on the screen; the spray being directed 
onto the screen at an angle. Either suitably doped and 
dye sensitized zinc oxide or doped cadmium sulfide dis 
persed in ‘a suitable solvent with any of a number of ap 
propriate binders may be sprayed onto the screen or 
mesh at the appropriate angle to form an effective 
asymmetrical ion control screen. As previously indi 
cated, because of the requirement for a relaxation of 
the dark resistivity requirement, the concentration of 
photoconductor pigment in the binder that may be em~ 
ployed on screens is significantly higher than that 
which must be utilized for the standard electro~ 
photographic processes. This permits the fabrication of 
higher photosensitivity surfaces. 
Another alternate approach for preparing binder 

layer screens involves settling the powder onto a screen 
held at an angle away from the horizontal; such settling 
operation being carried out in a liquid bath. The set 
tling operation is carried out by first supporting a 
screen, at an angle of approximately 45° to the horizon 
tal, at the bottom of a large beaker. A suspension of 
photoconductor particles in a fluid is poured into the 
beaker and the particles are allowed to settle onto the 
screen under the influence of gravity. The binder may 
be either dispersed or actually dissolved in the ?uid. 
After the particles have all settled onto the screen, the 
fluid is siphoned out of the beaker and the screen al 
lowed to dry in the beaker. 
Organic photoconductors in a binder layer may also 

be employed as photoconductors suitable for the pres 
ent invention. 

Photoconductors possessing a “memory” or high fa 
tigue, such as certain types of ZnO, may be employed 
with this invention if it is desirable to separate the expo 
sure from the actual time of charging an ion receptor 
member. 
As previously mentioned, the screen pattern on the 

chargeable member may be eliminated by operating at 
electric fields sufficiently low so that the screen is not 
resolved on the chargeable member. In inexpensive 
commercially available wire or plastic monofilament 
screens having very small mesh sizes or high mesh 
counts, the weave is found to be somewhat nonuni 
form, i.e., there are small random variations in mesh 
spacing which result in mesh irregularities appearing in 
the image developed upon the chargeable member. 
These small irregularities, which appear as mesh lines 
in the copy, may be eliminated by moving the screen 
over a very slight distance during the exposure. One 
manner of effecting this motion is illustrated schemati 
cally in FIG. 5. Here, the modulating screen 16 and a 
series of corona wires 18 are mounted together on a 
rigid framework 40. This framework is supported in 
such a manner that it may be translated transversely 
from left to right. The frame is also spring loaded so 
that it is urged against cam 42 which is driven by low 
speed motor 44. Motor ‘M is energized during the expo 
sure so that the corona wires and screen move relative 

to the dielectric receptor sheet during the exposure. 
Motions as small as 0.1 inch are generally sufficient to 
eliminate all screens nonuniformities from the devel 
oped image. It has been found that the maximum 
screen velocity during an exposure is approximately 1 
to 2 inches per second before image smear occurs, de 
pending upon the intensity of the corona current to the 
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screen and the nature of the response time of the pho 
toconductive coating. The screen may be advanta 
geously moved in two directions as by a circular or fig 
ure eight motion. In addition to eliminating screen vari 
ations from the developed image, the technique of 
moving the screen during an exposure also provides the 
advantage of eliminating the development of other 
screen defects such as random dirt and dust which set 

tle upon the screen. The screen motion, in order to 
eliminate irregularities in the direction of both screen 
wires or monofilaments, should be such that the motion 
is not in the direction of either wire or monofilament. 
A preferred direction of the motion is at an angle of 45° 
with each wire. Besides a linear motion, orbital motion 
or a zigzag motion may be employed to successfully 
eliminate screen nonuniformities from the image and 
mechanism in place of cam 42 to provide such motions 
is readily available. 
FIG. 6 illustrates a means for moving the screen dur 

ing an exposure and for simultaneously providing for 
the replenishment of new screen within the exposure 
region. As shown screen 46, having a width of between 
4 and 18 inches, depending upon the copy size desired, 
and coated asymmetrically with a photoconductor is 
supplied from supply drum 45. A takeup drum 47 col 
lects the screen after it passes through the exposure 
area. In operation, during each exposure, the screen 
advances a distance of approximately 1/16 inch. In this 
way for every few hundred copies that are made, the 
screen is completely replaced with previously unused 
screen from drum 45. With many vacuum coated 
screens, several thousands of copies have been formed 
from each screen with no degradation of the process. 
Thus far, in the description of this invention, the use 

of dielectric coated paper or plastic films have been in 
dicated. In addition to these materials, papers fabri 
cated from plastic (the so-called plastic papers) may 
also be employed in this invention. Conventional plain 
papers fabricated from cellulose generally contain a 
sufficient quantity of moisture and free ions so that 
these papers will not support an electrostatic charge 
image for the time intervals required to practice the 
present invention. By suitably treating plain papers, 
however, images may be formed using this invention. 
Plain bond papers or plain blade-coated papers may be 
rendered sufficiently insulating by first heating the pa 
pers to a temperature of between 120° and 200° C for 
a period of a few seconds. This may be carried out in 
a small oven. Immediately after removal from the oven 
and while the paper is cooling down, the paper is wet 
with a hydrocarbon. A preferred material for this appli 
cation is the aliphatic hydrocarbon solvent known 
under the tradename of Isopar, manufactured and mar 
keted by the Humble Oil & Re?ning Company. Paper 
so treated is capable of sustaining an electrostatic 
charge on the surface for long periods of time. A lateral 
surface conductivity is still present, however, so that 
once a charge image has been placed on the surface of 
the paper, the development must be carried out within 
a period of 1 to 2 seconds if excessive resolution degra 
dation is to be avoided. 
The latent electrostatic image formed by the corona 

modulation screen may also be employed in recording 
an image using a deformable thermoplastic film com 
posed of polystyrene, Staybelite, Piccolastic or other 
deformable synthetic polymer material. After the for 
mation of an electrostatic image on the film surface, 
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the latent image is developed by softening the film by 
exposure to either heat or solvent vapors as is well 
known in the art. 

In addition to providing a permanent image, the co 
rona modulating screens of this invention may also be 
employed with electric ?eld sensitive cholesteric liquid 
crystal films in display applications. Here, the dielectric 
coated paper of FIG. l is replaced by a liquid crystal 
film and the support platen ill} replaced by a glass sheet 
having a transparent conductive coating on the side ad 
jacent the film. Under the influence of an electric ?eld 
provided by ions reaching the free surface of the liquid 
crystal film, the optical scattering and/or re?ective 
properties of said film are modi?ed, leading to the for~ 
mation of a visible display on the film. Cholesteric ma 
terials suitable for this application are described in Brit 
ish Patents 1,123,117 and 1,167,486, and also by L. 
Melamed and D. Rubin, Appli. Phys. Lett. 16, 4, 149 
(1970) and by J. J. Wysocki, J. Adams, and W. Haas, 
Phys. Rev. Lett. 20, 19, 1024 (1968). 
FIG. '7 illustrates an apparatus in which the toned 

image is ?rst formed on an intermediate endless belt 
and subsequently transferred to a plain paper sheet or 
web. In this drawing an endless plastic belt 62, prefera 
bly fabricated of polyester and containing a conductive 
coating on the inside surface is supported on rollers 6d 
and 71]). An electrostatic image is formed on this belt 
using a corona modulation screen, corona wire and 
projection source in a manner similar to that shown in 
FIG. 11. After the electrostatic image has been formed, 
it is developed by immersion in liquid developer tank 
66 in the region between roller 64 and '70, the devel 
oped image is partially dried and then offset onto a 
paper sheet or web 72 as the paper and plastic ?lm are 
held in contact by rollers 76]]. The image is fixed on the 
paper and some residual solvent removed as the paper 
is heated by radiant heater '74. Cleaning brush re re 
moves residual toner from the plastic endless belt. 
Rather than employ the endless plastic belt (as shown 

in FIG. 7), a conductive drum coated with a hard insu 
lating surface, such as a glass-based enamel, may be 
employed. in apparatus employing a drum, the opera 
tional steps are the same. The electrostatic image is 
formed using a corona wire and a corona modulating 
screen; the electrostatic image is toned, employing ei 
ther a dry or liquid electrostatic developer; the image 
transferred by offset to a plain paper sheet or web; and 
the drum cleaned. This apparatus is rather complicated 
but does possess several advantages over conventional 
plain paper electrostatic photography. A principal ad 
vantage is the fact that the photoconductor is never in 
physical contact with either a developer material or 
paper and, hence, is not subject to the usual wear which 
occurs in standard electrophotographic plain paper 
copies. An insulating surface enameled drum possesses 
a hard abrasion resistant surface and hence has a lift 
significantly greater than a typical selenium drum. lDe 
vices employing an endless plastic belt would be sub 
ject to a higher degree of wear; however, the belt may 
be readily changed and is relatively inexpensive com 
pared to a selenium drum. 

It has been found that when the surface of a charge 
receptor member is charged to voltages high in com 
parison to the voltage existing between screen in and 
backing plate id, image distortion occurs. This distor 
tion arises from ?elds at the surface of the chargeable 
member; these fields, existing between a charged and 
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id 
uncharged region. This results in corona generated ion 
beam bending in a manner so as to reduce the width of 
uncharged lines. Secondly, when a high potential is 
built up in a signi?cantly large area, a reduction in the 
local field immediately below screen 16 occurs in this 
region with subsequent diffusion of ions passing 
through the screen in this region. This effect is not seri 
ous for low charging voltages, particularly when high 
potentials are applied between screen 116 and backing 
electrode 110. In charging relatively thick plastic films, 
which requires high surface voltage potentials (several 
thousand volts, for example, in case of 3 to 5 mil poly 
ester or acetate film) these distortions are observed. 
A means for circumventing this problem is shown in 

FIG. 8. This apparatus is identical to that shown in FIG. 
11 but includes a second find mesh screen 100 whose 
potential is established by power supply 102. This ?ne 
mesh conducting screen is spaced very close to the sur 
face of the chargeable member, generally within a dis 
tance of 5 to 25 mils. The screen potential, as estab 
lished by power supply 102, is maintained between the 
potential of backing plate It) and screen 116. This 
screen serves the same function as a screen grid in a 

conventional tetrode electron vacuum tube; its func 
tion being to isolate the potential at the surface of a 
chargeable member from potentials existing in the re 
gion between screen 100 and screen 16. Thus, surface 
potentials may be built up without resulting in the ion 
beam diffusion and distortions mentioned previously. 
We have found that, because of the high system resolu 
tion, moire patterns are formed in the image corre 
sponding to screen mesh overlap between screen 100 
and screen to. In order to eliminate this problem, 
screen Wt) may be vibrated or caused to move by em 
ploying a motor and cam assembly 1041 operating in a 
manner similar to that shown in FIG. 5. 
The following examples illustrate the techniques of 

the method, process and apparatus described in this 
disclosure. These examples are not meant to be restric 
tive in any way, however. 

EXAMPLE l 

A plain square weave 1W0 mesh phosphor bronze 
screen was stretched over a square brass frame whose‘ 
inside dimension was 4 inches on a side'and whose out 
side dimension was 5 inches. The phosphor bronze 
screen was soft soldered onto the frame. The frame was 
mounted in a vacuum coater an average distance of 12 
inches from a quartz crucible mounted in tantalum 
heater. The screen was inclined 45° from the normal. 
A charge of 30 grams of xerographic grade selenium 
was placed in the evaporation crucible. The system was 
evacuated to a pressure of 10'5 torr and the selenium 
evaporated from the boat onto the screen over a period 
of 45 minutes. During the evaporation, the screen was 
heated, with an electrical heater, to a temperature of 
90° C. The selenium coating thickness was found to be 
25 microns. " 

The screen was removed from the vacuum evapora 
tor and mounted in the apparatus shown in FIG. 1. A 
6 inch corona wire comprised of a 3.5 mil thick diame 
ter platinum wire was supported a distance of 1 inch 
above the screen. The screen to conducting platen 
spacing was is inch. 
The contrast ratio, defined here as the ratio between 

the ion current to the conductive backing plate it} with 
the photoconductive screen in the dark and ion current 
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with the same screen illuminated, was determined by 
connecting a Keithley Model 600A electrometer be 
tween paper supporting electrode llll and power supply 
21. At a counterelectrode potential of —5 kv and a co 
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rona potential of +1 6 kv, the dark current was 24 Mam- 5 
peres and the current obtained when the screen was 
uniformly illuminated with tungsten illumination at a 
level of 10 foot-candles was 0.3 pamperes. The con 
trast ratio was thus 80. At a corona potential of +1 2 kv, 
the dark current was 1 1 pamperes and the light current 10 
was 0.15 ,aamperes; yielding a contrast ratio of 75. 

It may be seen from the aforementioned measure 
ments that a higher contrast potential is obtained at 
lower corona potentials. In this event, however, the co 
rona current is lower, and longer exposure times are re- I5 
quired to charge the dielectric paper. At a screen~paper 
separation of 11% inch, an applied potential of —3 kv is 
sufficient to accelerate the ions to the surface of a di 
electric coated paper and still maintain a resolution of 
3 line-pairs/mm in the developed image. 
Copies of a projected image were obtained by placing 

sheets of dielectric coated paper on the counterelec 
trode 10. An image having a high~light brightness of 10 
foot-candles was projected on the screen with a simul 
taneous application of corona and counterelectrode 
potentials; the total exposure time being 3 seconds. The 
paper was then removed from the counter-electrode 
and immersed in a beaker of liquid electrostatic toner 
containing positively charged particles and having a 
solids concentration of 1 percent. Since the paper sur 
face was charged positively and since the liquid devel 
oper toner particles are also positively charged, a rever 
sal image was obtained. When the same image was pro 
jected on the screen and the resulting latent electro- 35 
static image developed in liquid toner with negatively 
charged particles, then the developed image was a posi 
tive image, i.e. black characters on a white background 
as exhibited by the positive original. After the paper 
was removed from the developer, excess liquid was 40 
squeegeed from the surface and the paper dried in an 
air stream which, in accordance with a preferred mode, 
was heated. The image was of high quality, having neg 
ligible background and a maximum density of 1.1. The 
development time was 3 seconds. 

EXAMPLE 2 (PRIOR ART) 

A selenium coated ion current modulating screen 
was prepared in a manner identical to that of Example 
1 with the exception that the evaporation was carried 50 
out with the screen mounted normal to the line of evap 
oration. When evaluated in the apparatus of FIG. 1, it 
was found that the dark current was 7.3 ,uamperes and 
the current, with an illumination level of 10 foot 
candles, was 4.6 namperes; providing a contrast ratio 5 5 
of 1.6. A number of attempts were made to obtain satis 
factory copies of the light image in a manner described 
in Example l. in no case was it possible to obtain a high 
contrast between light and dark areas on the paper. 
High background levels were obtained together with 
low image density. 
Example 2 illustrates results obtained employing the 

teachings of U. S. Pat. No. 3,220,324. This example is 
included to indicate the advantages realized when one 
practices the teachings of the present invention. 
The following examples illustrate the diversity of 

photoconductor materials, deposition methods, and ge 
ometry of screen arrangements suitable for utilization 
in the present invention. 
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EXAMPLE Illl (PRlOlR ART) 
in order to further demonstrate that symmetrically 

coated photoconductor screens are inferior to asym 
metrically coated screens, a 6 inches X 6 inches 325 
mesh stainless steel screen was selenium coated on 
both sides by a technique designed to produce a uni 
form or symmetrical deposit on the wires. The screen 
was mounted in a motor driven rotating jig at a 45° 
angle with respect to the evaporating selenium direc 
tion. Average distance from boat to screen was 15 
inches, and 60 grams of selenium were evaporated 
from the boat held at 260° C. Once the evaporations 
proceded to completion, the screen was reversed at the 
same angular orientation and coated in an identical 
manner on the opposite side. This reversal of the same 
angular orientation resulted in uniform coverage of the 
screen wires with photoconductor, producing a sym 
metrically coated screen. Test conditions were: corona 
voltage, —l4 kv at 1 inch spacing; screen at ground po 
tential; accelerating plate potential, —5 kv at ‘k inch 
spacing; light level 140 foot candles, steady state mea 
surement. The contrast ratio was found to be only 2.1 
on one side of the screen and 2.6 on the other. 

EXAMPLE t2 _ , 7 _ 

Several screens were asymmetrically coated on both 
sides with photoconductor, one example of which is de 
scribed below. A framed 325 mesh stainless steel V 
screen with an area 50 cm2 was coated with selenium 

by vacuum deposition at an angle of 45°, the boat 
charge being 60 g. The screen was then reversed and 
rotated 180° and only 5 g of selenium was evaporated 
onto the opposite side. This coating arrangement led to 
an exaggeration of the asymmetry of the deposit with 
respect to the opening as viewed from either side of the 
screen. Steady state test measurements under the con 
ditions noted in Example 11 showed the contrast ratio 
of the 60 gram side of the screen to be 900216 llnfobt" 
candles. The opposite or thinner coated side indicated 
a lesser though relatively high contrast ratio of 32 at 7 

EXAMPLE 113 
Several screens were prepared to determine the ef 

fect of angle of deposition for achieving asymmetry. 
Type 304 plain weave, 325 mesh stainless steel screen 
was stretched and cemented to aluminum frames 7 
inches X 7 inches 0.11). with 6 inches >< inches open 
screen area. iFive screens were cleaned by solvent 
vapor Vdegreasing and subseqpently selenium coated 

, by vacuum, evaporation under idsmiqs1_-2<>hdi?9as 
exceptfornariglei'ofhdeposition. Conditions were as 
follows: substrate temperature, 90° C; selenium 
charge, 65 grams; target-to-boat distance, 18 in— 
ches; evaporator boat temperature, 250° to 270° 
C; pressure 2 ><l0-5 torr. Deposition angles, as 
measured from the normal, were 15°, 30°, 45°, 
60° and 75°. The results are shown below in Table 
Ili. _While the angle "is not criti% the optimum 
vvalueis between 30°“and'15°.Test'cbnditions were: cor 
rona voltage, +14 kv at 1 inch spacing; screen at 
ground potential; accelerating plate potential, — 5 kv at 
‘rt inch spacing; light level, 140 foot candles while 
chopped at a rate of 100 cycles/minute. 

TABLE II ' _ 

Angle of Deposition in (°) 
15 30 45 60 75 

Contrast ratio 
4 170 170 120 6 
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Without intending to limit the present invention to a 
speci?c mechanism, it is believed that the asymmetrical 
ion current modulating screen functions through the 
control of ion transport through the screen apertures 
by a transverse electric field, i.e., a ?eld set up in a di 
rection of the plane of the screen which arises due to 
the asymmetrical nature of the photoconductivc coat 
ing on the screen. 

While but a limited number of embodiments of the 
present invention have been here disclosed, it will be 
apparent that many variations may be made therein 
without departing from the spirit of the invention as de 
?ned in the following claims. 
We claim: 
1. In the formation of visible copies of an image, an 

apparatus for modulating the flow of an ion beam in 
conformance with an optical image, which apparatus 
includes: 
an electrically conducting element having a series of 
ion-permable locations distributed thereover in an 
array, and a layer of photosensitive material on said 
element and asymmetrically disposed about said 
locations. 

2. The apparatus of claim 1, wherein said array com 
prises a mesh screen, the openings through said screen 
comprising said ion-permeable locations. 

3. The apparatus of claim 2, wherein said mesh is 
formed of wire. 

4. In the apparatus of claim 1, means operatively con 
nected to said element for moving it substantially at 
right angles to the direction of travel of said ion beam 
during operation of said apparatus. 

5. In the combination of claim ll, a source of ions on 
one side of said element, a chargeable member on the 
other side thereof, and means for forming an optical 
image on said element. 

6. The apparatus of claim 5, wherein said array com 
prises a mesh screen, the openings through said screen 
comprising said ion-permeable locations. 

7. The apparatus of claim 6, wherein said mesh is 
formed of wire. 

8. In the apparatus of claim 5, means operatively con 
nected to said element for moving it substantially at 
right angles to the directions of travel of said ion beam 
during operation of said apparatus. 

9. The combination of claim 5, in which said optical 
image is formed on the side of said element facing said 
source of ions. 

10. .The apparatus of claim 9, wherein said array 
comprises a mesh screen, the openings through said 
screen comprising said ion-permeable locations. 

111. The apparatus of claim 10, wherein said mesh is 
formed of wire. 

112. In the apparatus of claim 9, means operatively 
connected to said element for moving it substantially at 
right angles to the direction of travel of said ion beam 
during operation of said apparatus. 

113. The apparatus of claim ll including, in addition: 
a source of ions and an electric-?eld sensitive choles 

teric liquid crystal film, which are positioned on 
opposite sides of said element. 

lld. The apparatus of claim ll including, in addition: 
a source of ions and a deformable thermoplastic film 
which are positioned on opposite sides of said ele 
ment. 

115. The apparatus of claim ll, in which said element 
is a non~conductor and is provided with a conductive 
layer thereon in electrically conductive relation to said 
phstsuensitivs layer 



3,761,173 
15 

H6. The apparatus of claim 15, in which said element 
comprises an organic filament woven mesh screen. 

17. The apparatus of claim 15, in which said conduc 
tive layer is on one side of said element and said photo 
sensitive layer is on the other side thereof, said layers 
making electrical connection with one another. 

18. The apparatus of claim 1, wherein said element 
comprises a plurality of strands arranged to de?ne a 
plurality of openings between strands, said photosensi 
tive layer being on said strands and having substantially 
a crescent shape when viewed in a cross section taken 
perpendicular to the axis of said strands. 

19. The apparatus of claim 18, in which said photo 
sensitive layer is disposed of a sector of the periphery 
of said strands which is circumferentially offset from 
the top-to-bottom direction of said element by between 
about 15° and 75°. 

20. The apparatus of claim 19, in which said angle is 
about 45°. 
21. A screen comprising a plurality of strands ar 

ranged to de?ne a plurality of openings between 
strands, and a photosensitive layer on said strands ar 
ranged asymmetrically around said openings. 

22. The screen of claim 21, wherein the photosensi 
tive layer on the strands, when viewed in a section 
taken as a plane perpendicular to the axis of each 
strand, is a crescent shape. 

23. The screen of claim 22, in which said photosensi 
tive layer is disposed on a sector of the periphery of 
said strands which is circumferentially offset from the 
top-to-bottom direction of said screen by between 
about 15° and 75°. 

24. The screen of claim 23, in which said angle is 
about 45°. 

25. The screen of claim 21, wherein said screen is a 
woven screen and said strands are metallic. 

26. The screen of claim 21, wherein said strands are 
nonmetallic and said strands are coated on a ?rst por 
tion of their outer surface with a layer of photosensitive 
material and on a second portion of their outer surface 
with an electrically conductive layer, said layers mak 
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16 
ing electrical connection with one another. 

27. The method of fabricating a screen to modulate 
its ions discharged from a corona source and passing to 
an image receptor member in a copying apparatus, 
which comprises: 

providing a flow of photosensitive material moving 
along a path having a given direction; 

positioning in said path a screen comprising an ele 
ment having a series of recesses distributed over a 
face thereof, and 

orienting said screen in said path so that the plane of 
said recesses makes an angle with said given direc 
tion between about 15° and 75°. 

28. The method of claim 27, in which said angle is 
about 45°. 

29. The apparatus of claim 1 wherein said element is 
an apertured plate. _ 

30. The apparatus of claim 2 including means to sup 
ply fresh screen within an exposure region in order to 
provide for continued and repetitive operation of said 
apparatus. 

31. The apparatus of claim 1 including, in addition, 
an image receptor surface, means to develop a visible 
image on said surface and means to transfer the visible 
image developed on said image receptor surface onto 
a permanent record member. 

32. The apparatus of claim 6 including, in addition, 
a second screen positioned very closely adjacent to the 
chargeable member, and means to maintain said sec 
ond screen at a suitable potential. 

33. The apparatus of claim 31 wherein said charge 
able member is a conductive drum coated with an insu 
lating layer. 

34. The apparatus of claim 1 wherein said array is 
and endless belt. 
35. The apparatus of claim 1 wherein the electrically 

conducting element is comprised of a grid of parallel 
electrically conductive strands and alternate strands 
are coated with a photosensitive layer. 
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