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[571 ABSTRACT

A process and a device for electrophotographic repro-
duction using a photoconductive layer placed in
contact with a uniform layer of developer between
two electrodes. An alternatively modulated voltage is
applied to the electrodes. ’

14 Claims, 5 Drawing Figures
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1
ELECTROPHOTOGRAPHIC METHOD OF
IMAGEWISE PARTICLE TRANSFER EMPLOYING
ALTERNATING MODULATED FIELD

This application is a continuation-in-part of my appli-
cation Ser. No. 715,313, filed Mar. 22, 1968 now aban-
doned which in turn is a continuation-in-part of my ap-
plication Ser. No. 613,792, filed Apr. 18, 1967 now
abandoned.

This invention relates to the production of electro-
graphic images from a light image forming a conductiv-
ity pattern in a layer of a photoconductive material.

As used herein, the term “conductivity pattern” is to
be understood as including any virtually plane surface
formed by parts having different electric conductivi-
ties.

In accordance with prior art, the term “insulating” is
to be understood as defining the quality of having an
electric conductivity lower than 10~"Siemens/cm and
the term “non-insulating” as defining the quality of
having an electric conductivity superior- to 107t
Siemens/cm.

In the actual art, a feature of electrographic methods
resides in the use of an original provided with a conduc-
tivity pattern including high insulating parts which will
selectively hold electric charges to form a latent elec-
trostatic image; thus an electrographic image may be
developed by an electrically responsive powder which
adheres to the charges parts of the latent image. This
electrographic image will not be obtained in a stable
way because of the passage of electric charges even
through the high insulating parts of the original, which

would cause the effacement of at least a part of the la-

tent image during the step of the development. A typi-
cal original of actual electrography consists in a photo-
conductive insulating layer provided with a conductiv-
ity pattern resulting from an exposure to a light image;
such a photoconductive layer will be a high insulator in
the dark in order to obtain a conductivity pattern in-
cluding the non-illuminated high insulating parts serv-
ing to develop an electrographic image according to ex-
isting methods. These photoconductive insulating lay-
ers are slow in their response to successive different ex-
posures to the light and, consequently, they may not be
used to afford high speed processes to produce succes-
sive different -electrographic images. Furthermore,
these insulating layers having a very low sensitivity to
the light, the enlarging of a document is still difficult to
obtain in electrography.

I have found, however, that a stable electrographic
image may be formed and simultaneously developed
from any original provided with a pattern of conductive
and low conductive parts in the absence of a latent
electrostatic image; to this end an alternating electric
field is generated to charge a thin layer of developer
powder from the conductivity pattern of the original
and thus to apply to this powder electric charges having
different maximum values according to the different
conductivities of said pattern. Under the influence of
the electric field, the most charged particles are electri-
cally removed from the layer of powder, while a stable
electrographic image is developed by the remaining
part of the powder which is never sufficiently charged
to be removed. One of such form of electrographic
method is disclosed in my co-pending application Ser.
No. 631,792, filed Apr. 18, 1967, now abandoned. The
present invention thus relates to the formation and the
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simultaneous development of a stable electrographic
image from an original consisting in a photoconductive
layer forming a pattern of conductive and low conduc-
tive parts as a result of an exposure to a light image.
This application is a continuation-in-part of application
Ser. No. 631,792, filed Apr. 18, 1967 now abandoned.

Now in accordance with the present invention, it has
been found that a stable electrographic image may be
produced from a light image forming a pattern of con-
ductive and low conductive parts in a layer of photo-
conductive material. In the preferred form.of the inven-
tion a photoconductive layer is used which is highly
conductive when exposed to the light, the dark conduc-
tivity of this layer being not critical to obtain a stable
electrographic image of satisfactory quality according
to the invention. Such a photoconductive layer can be
called photoconductive non-insulating layer to distin- -
guish it from the photoconductive insulating layers
teached by Carlson in the U.S. Pat. No. 2,297,691. The
non-insulating layers of the type of the well known pho-
toconductive layers used in .the photoelectric cells,
offer the advantage of having a virtually instantaneous
response and a high sensitivity to the light and thus they
are well adapted for the high speed production of stable
images and for the electrographic enlarging of docu-
ments. »

According to one embodiment of the present inven-
tion, a thin photoconductive layer is affixed to an insu-
lating material, the photoconductive layer is exposed to
a light image forming a conductivity pattern in this
layer, and an alternating electric field is generated to
charge a thin layer of developer powder from said con-
ductivity pattern and thus to apply to the powder elec-
tric charges having different maximum values accord-
ing to the different conductivities of said pattern.
Under the influence of the alternating field, the
charged powder is electrically attracted away from the
most conductive parts of said pattern, while the re-
maining powder is never sufficiently charged to be re-
moved from the least conductive parts of said pattern
and it develops a stable electrographic image thereon.
The satisfactory quality of the obtained image is irre-
spective of a critical duration of the electric field. This
method is well adapted to exactly reproduce the dense
large areas and the half-shadow areas of the light jm-
age.

According to another embodiment of this invention,
the photoconductive layer is affixed to an insulating
backing material and it is coated with a thin layer of de-
veloper powder, an insulating layer is: placed against
the layer of powder, and an electric field is generated
to charge the powder from the conductivity pattern of
the photoconductive layer; because of the insulation of
the coated photoconductive layer between the insulat-
ing backing and the insulating layer, the coating pow-
der will receive electric charges having maximum val-
ues in proportion to the conductivities of said pattern.
Accordingly, the charged powder is electrically at-
tracted away from the most conductive parts of said
pattern while the remaining part of the coating powder
is never sufficiently charged to be removed from tbe
least conductive parts of said pattern and it develops a
stable electrographic image thereon. By using a photo-
conductive non-insulating layer exposed to a contrast-
ful light image, this method is well adapted for the high
speed production of stable electrographic images. In
addition, by generating an alternating or an alterna-
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tively modulated electric field this method is well
adapted to produce stable electrographic images from
a photoconductive layer exposed to a low contrastful
light image. Accordingly, under the action of the mod-
ulated field particles of powder receive electric charges
of successive opposite polarities and they are attracted
away from the most conductive parts of said pattern.
Because of the opposite charges of the powder parti-
cles, the removal of the powder may be prosecuted to
electrically remove all of the powder coating the most
conductive parts of said pattern while tbe remaining
part of the coating powder is never sufficiently charged
to be removed from the least conductive parts of the
layer and thus it forms a stable electrographic image
thereon.

According to a further embodiment of the invention,
the thin layer of developer powder is placed against and
sandwiched between a photoconductve layer and an
image carrier having a uniform electric conductivity
between a photoconductive layer and an image carrier
having a uniform electric conductivity between the
maximum and the minimum conductivites of the pat-
tern in the photoconductive layer, and an electric field
is generated to charge the powder from said conductiv-
ity pattern and said image carrier. Because of the inter-
mediate conductivity of the image carrier, under the
influence of the electric field the particles of powder
are electrically charged under the sign of that surface
in contact which is the lesser conductive and they are
attracted away from the most conductive parts of said
pattern to form a first stable electrographic image on
said image carrier, while another part of the powder is
electrically attracted towards the least conductive parts
of said pattern to form a second stable electrographic
image thereon. The best quality of the images is ob-
tained by generating an alternating or an alternatively
modulated electric field. This method is well adapted
to the high speed development of two simultaneous sta-
ble electrographic images from the same light image.

An object of this invention is to improve electro-
graphic methods and to provide means and devices for
use in electrography.

Other objects of this invention will be apparent from
the following description and accompanying drawings
taken in connection with the appended claims.

In the drawings:

FIG. 1 is a schematic side elevation view of a first em-
bodiment for the carrying out of the invention;

FIG. 2 is a schematic side elevation view of a second
embodiment;

" FIG. 3 is a diagram of the forces acting on the powder
grains coating the photoconductive layer;

FIG. 4 is a second diagram of the forces acting on the
powder grains placed against the photoconductive
layer and the image carrier;

FIG. 5 is a diagrammatic side elevation view of a me-
chanical device according to the FIG. 2 embodiment.

In the preferred form of this invention a layer of a
photoconductive non-insulating material is used which
has a high sensitivity and a virtually instantaneous re-
sponse to the light. Alternatively, many pbotoconduc-
tive non-insulating materials may be used such as, for
example, metallic selenium, thallium sulfide, cadmium
sulfide, cadmium selenide, lead sulfide as well as in
general all the materials which are used in the well
known photoresistive cells. Layers having a high sensi-
tivity to the visible part of the spectrum may be used to
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reduce the loss of light transmitted across the lens, mir-
rors etc serving to form the optical image to be repro-
duced. Cadmium selenide and sulfide layers are well
adapted for the high speed production of copies from
successive different light images because of the virtual
instantaneous response of these layers to the light and
to the dark.

In the arrangement of FIG. 1, a transparent electrode
1 is disposed beneath a transparent backing material 2
to which is applied a photoconductive layer 3. A light
image comprising illuminated parts 5 and low illumi-
nated parts 4 is formed on the layer 3. Owing to the dif-
ferences of light intensity between the parts 4 and §,
the photoconductive layer is provided with a conduc-
tivity pattern including conductive parts 5 and low con-
ductive parts 4, respectively. It will be appreciated
however that between the maximum and the minimum
conductivities in the layer, any intermediate electrical
conductivity may be found in the photoconductive
layer accordingly to the half-shadows of the light image
to reproduce. In order to form the light image, for ex-
ample, an objective 10 is located in front of the trans-
parent electrode 1, and beneath the objective 10, the
document 11 to be reproduced. Light sources 12 illu-
minate the document 11 that reflects the light toward
the objective 10 which projects it across the electrode
1 and the transparent backing 2 on the photoconduc-
tive layer 3 over which the optical image to be repro-
duced is formed. Document 11 may be a sheet of paper
carrying printed or typewritten matter, or a photo-

‘graph, for example, although other things may be pho-

tographed such as three-dimensional objects, for exam-
ple. Alternatively, other radiations than light may be
used to form the pattern 4, 5 such as, for example, X-
or gamma-rays; furthermore, any other means inducing
in the layer 3 a pattern of conductive parts 5 and low
conductive parts 4 may be used to produce. electro-
graphic images according to the present invention. If a
visible light image is formed on layer 3, electrode 1 may
consist, for example, in a thin uniform layer of *“Nesa,”
a high conductive transparent varnish sold by Pittsburg
Plate Glass Co, Pittsburg. The layer of “‘Nesa’” may be
affixed to a support of glass, for example. Moreover
and for example, a sheet of aluminium may constitute
the transparent electrode 1 when a X-rays image is
formed on layer 3. As shown in FIG. 1, a thin uniform
layer of developer powder 6 is disposed between layer
3 and an image carrier 7. The powder 6 may be applied
to coat layer 3 or image carrier 7 or both, alternatively,
for the uniform application of the powder, classic
spraying or cascading devices may be used, provided
that a thin uniform layer of powder 6 is formed rather
than a particular amount of grains. In order to develop
electrographic images, an electric field is generated be-
tween the electrode 1 and a second electrode 8 by ap-
plying an electric voltage to terminals 9. Electrode 8
may be placed in contact with the image carrier 7 or,
alternatively, an insulating layer (not shown) may be
inserted between them. Under the influence of an elec-
tric field, the layer of powder 6 is electrically distrib-
uted between the conductivity pattern 4, 5 and the
image carrier 4. When subsequently, electrodes 1 and
8 are separated and the image carrier 7 is detached
from layer 3, a part of powder 6 will be found forming
a first electrographic image on the image carrier 7,
while the remaining part of the powder forms a secod
electrographic image on layer 3, the two electrographic
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images being obtained in substantial configuration with
the optic image 4, 5.

According to one embodiment of the present inven-
tion an image carrier 7 is used which has a uniform
electric conductivity between the maximum and the
minimum conductivities of the pattern 4, § of layer 3.
A sheet of a conductive paper may be used as image
carrier 7. Moreover, the image carrier 7 may also con-
sist in a thin uniform metallic layer on a sheet of insu-
lating material, as, for example, a sheet of mylar. Refer-
ring to this embodiment of the invention, FIG. 4 sche-
matically shows two grains 113 and 113’ of layer of
powder 8, a part of layer 3 and a part of the image car-
rier 7 having said intermediate conductivity between
the conductivities of the parts 4 and 5 of layer 3. De-
pending on the relative conductivities of the parts 4, 5
and 7, the contact conductance r; between grains 113
and the illuminated part 5 of layer 3 is higher than the
contact conductance r, between grain 113 and image
carrier 7; the contact conductance r; between grain
113’ and image carrier 7 is higher than the contact con-
ductance r, between grain 113’ and the low illuminated
parts 4 of layer 3. Under the influence of the electric
field generated between electrodes 1 and 8, each grain
of powder 6 is electrically charged under the sign of
that surface to which the contact conductance is the
more, and thus it will be electrically attracted away
from this surface. For this reason, irrespectively of the
direction of the electric field, the powder 113 will elec-
trically migrate from the illuminate conductive part 5
towards the image carrier 7, while powder 113’ mi-
grates from image carrier 7 towards the low illuminated
low conductive part 4, The electrographic image thus
formed by powder 6 on the parts 4 of layer 3 will be
termed positive upright image, and negative reversed
image is called the electrographic image formed on the
image carrier 7 by the powder facing the parts 5 of
layer 3. :

From the foregoing explanations it becomes apparent
that, by using an image carrier 7 having said intermedi-
ate -conductivity, the development of the electro-
graphic images is irrespective of the minimum conduc-
tivity of layer 3; thus, according to the invention, a
photoconductwve non-insulating layer having a rela-
tively high dark conductivity may be used. .

Satisfactory continuous tone electrographic images
may be produced by applying an alternating or of an
alternatively modulated electric voltage to terminals 9,
for example, from 1 to 10 KV. In order to develop elec-
trographic images from the pattern of a photoconduc-
tive non-insulating layer, an electric voltage ionizing
the gap of air 13 interposed between image carrier 7
and layer 3 may be advantageously applied to terminals
9. To this end also a direct electric field may be gener-
ated which is modulated by an alternating signal to pro-
duce copies. On the other hand, it will be appreciated
that the best quality of continuous tone electrographic
images is obtained by using a layer 3 which has a photo-
electric linear character as for example a cadmium sul-
fide layer. :

In the arrangement shown in FIG. 2, a powder-coated
photoconductive layer 3 provided with a pattern of illu-
minated conductive parts § and low illuminated low
conductive parts 4 is disposed under an electrode 108

20

25

30

35

40

45

60

in the form of a grid. The coating powder 6 is insulated

from the grid 108 by a fluid dielectric consisting, for ex-
ample, of an air layer 107. For example, the grid 108

6

may be made of brass and have a mesh width of about
0.5 mm; the spacing between the grid 108 and layer 3
may be from 0.5 to 5 mm, for example. A voltage gen-
erator (not shown) may be connected to terminals 9 to
create an electric field between the grid-electrode 108
and a second electrode 101. The thin layer of powder
6 is applied loosely-adhering to the layer 3. According
with the experience, the adherence of the powder may
be improved by providing an electrode 101 in the form
of parallel wires so that the lines of force of the electric
field strongly converge toward the electrode 101.

By generating an electric field between electrodes
101 and 108, the powder is electrically charged and re-
moved from the conductive parts 5, while the powder
coating the low conductive parts 4 is never sufficiently
charged to electrically overcome its adherence to layer
3 and thus it develops a stable electrographic image
thereon. The grains of powder which are electrically
attracted away from the parts 5 of the layer 3 will pass
through the fluid layer 107 and the grid-electrode 108.
The intensity of the electric field cannot exceed
3.3v/micron in the layer of air 107 to avoid a sudden
electric discharge between electrode 108 and coating
powder 6, which would reduce the electric field serving
to the development of the image. Instead of this, the
quality of the electrographic images is improved by
generating between electrodes 101 and 108 an electric
field having, in the air layer 107, a gradient between 2.5
and 3.1 v/micron to obtain a silent ionizing discharge
in the air 107 simultaneously with the development of
the electrographic image; in this manner powder 6 will
be electrically charged from the slight conductive air
107 to adhere to the low conductive parts 4, while the
electric field remains sufficiently intense, in the air 107,
to electrically charge and remove the coating powder
from the conductive parts 5. When a layer3 affixed to
an insulating backing 2 is used a direct electric field
may be generated between electrodes 101 and 108.

Devices of FIGS. 1 and 2 serve to electrically photo-
graph a document 11 as well as three-dimensional ob-
jects, for example. Furthermore and for example, as
shown in FIG. 2, the layer 3' may move in the direction
of arrow 29 in the device simultaneously with docu-
ment 11 in the direction indicated by the arrow, the lat-
ter having a synchroneous parallel movement beneath
objective 10. During the movement of document 11
and of layer 3, the powder 106 drops from a container
30 on the layer 3 and it is uniformly distributed in a thin
uniform layer 6 coating the photoconductive layer 3.
As shown in FIG. 2, the photoconductive layer 3 may
be affixed to a backing sheet 2 separated from the insu-
lating layer 1062. Document 11, illuminated by light
sources 12, moves in the direction indicated by the
arrow whereas the photoconductive layer 3 and its sup-
port 2 moves in opposite direction with a synchroneous
movement capable of immobilizing, in relation to the
photoconductive layer, the optic image formed on the
latter. An electric field is created between electrodes
101 and 108 and thus the powder 6 is drawn by elec-
trode 108 from the illuminated zones 5 of the photo-
conductive layer whereas it remains on the layer 3 over
the dark zones 4 of the projected image.

According to one embodiment using the device illus-
trated in FIG. 2, an alternating voltage is applied to ter-
minals. The powder 6 thus receives from the pattern 4,
5 alternating electric charges having different maxi--
mum values in proportion to the conductivities of said
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pattern and the most charged powder is electrically at-
tracted through the grid-electrode 108. Referring to
this method, FIG. 3 schematically shows two grains
113, 113’ of the powder 6 coating the photoconductive
layer 3; by tbe letter b is indicated the equal force
which retains the grains 113, 113’ on layer 3, this force
b may be due to the gravity, for instance. Because of
the different illuminations of the parts 5§ and 4 of layer
3, the contact conductance r; between grains 113 and
the illuminated part 5 is higher than the contact con-
ductance r, bet-ween grain 113’ and the low illumi-
nated part § of layer 3. By generating an alternating
electric field between electrodes 101 and 108 (FIG. 2),
grains 113 and 113’ receive from layer 3 alternating
charges having different maximum values according to
the different contact conductances rz and r,; under the
action of the field the charged grains 113, 113’ are at-
tracted away from layer 3 by modulated electric forces
having maximum values a and ¢’ in substantial propor-
tion to the contact conductance rg and ry, respectively;
the amplitude of the alternating voltage is then adjusted
to apply to grain 113 the force a more intense that its
adherence b to layer 3 while, because of the alternating
character of the charges, the electric force a’ applied
to grain 113’ is never sufficiently intense to overcome
the adherence of this grain 113’ to the low illuminated
part 4 of layer 3.

The electrographic image being obtained in a stable
way, its good quality is irrespective of a critical dura-
tion of the electric field.

According to a further embodiment using the device
of FIG. 2, a photoconductive layer 3 is used which is
affixed to an insulating backing 2. By applying an alter-
natively modulated voltage to terminals 9, the coating
powder 6 receives from the pattern 4, 5 alternating
electric charges having maximum values in proportion
to the conductivities of said pattern 4, 5; the amplitude
of the alternating modulation of the electric voltage is
adjusted to electrically attract powder 6 away from the
illuminated parts 5 while the remaining powder devel-
ops a stable electrographic image on the low iltumi-
nated parts 4. Because of the insulation of the pattern
4, § from electrode 101, electric currents filterring
through the low conductive parts 4 are avoided and
thus a low frequency of the field is not critical in order
to produce stable images from a photoconductive non-
insulating layer 3. This frequency may be as low as 50
Hz, for example. The amplitude of the modulated field
is then adjusted to attract particles of powder having
successive opposite polarities away from the most illu-
minated parts 5 of the layer, while the powder coating
the least illuminated parts 4 is never sufficiently
charged to be removed; because of the opposite
charges of these grains, the removal of the powder may
be prosecuted to electrically remove ali the powder
coating the most illuminated parts § of the layer 3 while
the remaining part of the coating powder forms a stable
electrographic image of high density. This method is
well adapted to produce satisfactory electrographic im-
ages from a photoconductive layer 3 having low differ-
ences in conductivity between its parts 4 and 5. On the
other hand, a direct voltage may be applied to termi-
nals 9 to produce stable images from a photoconduc-
tive non-insulating layer 3 having high differences in
conductivity.

For carrying out the invention as described with ref-
erence to FIGS. 2 and 3, an apparatus of the type illus-
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trated in FIG. 5 may be used. This apparatus comprises
four rollers 115 over which an endless belt 2 - 3 travels
in the direction of arrow 120. This endless belt is con-
stituted by a transparent and flexible support 2 on to
which is affixed a photoconductive layer 3. A transpar-
ent dielectric plate 102 is made of glass, for example,
and it serves to guide the belt 2-3. The transparent
electrode 1 and the grid-electrode 108 are connected
to the terminals 9 of a voltage generator. A microfilm
projector comprises a light source 112, an objective -
110 and a film unroller 140 of which the unrolling di-
rection is reversed that the endless belt 2-3, as indi-
cated by arrows 120’ and 120, respectively. In opera-
tion, the photoconductive layer 3 is affixed to its flexi-
ble transparent support 2 is driven by rollers 115 at a
constant speed in synchronism with the movement of
the projector film 111. The light source 112 being
lighted, the image is projected on layer 3 through the
transparent electrode 1 and the glass plate 102. Belt
2-3 moving in the direction of arrow 120, the devel-
oper powder 106 of the container 130 uniformly coats
the photoconductive layer 3 and the thin uniform layer
of powder 6 is driven by the upward movement of the
latter in the electric field generated between electrodes
1 and 108. In order to insure the adherence of powder
6 to the layer 3, a slight adheisve powder may be used,
as for example, a powder 106 the grains of which are
coated with zinc stearate. Under the action of the elec-
tric field, the powder coating illuminated parts § of
layer 3 is electrically attracted through the grid-
electrode 108 and falls again in the container 130, whie
the powder coating low illuminated parts 4 forms a sta-
ble electrographic image thereon. Thereafter, the pow-
der image 104-105 is transferred on to the layer 3 by
rollers 114 and 115’. Web 116 may be a web of copy
paper. If an excited photoconductive layer 3 is used
which is provided with a pattern 4, 5 having low differ-
ences in conductivity, an alternatively modulated volt-
age is applied to terminals 9. ‘

In the device of FIG. 1 it will be advantageous to use
a developer powder having an electric conductivity be-
tween the maximum and the minimum conductivities
of the parts forming the pattern 4, § of layer 3. Further-
more, in the device of FIGS. 2 and §; it will be expedi-
ent the use of a developer powder having an electric
conductivity about equal to that of the least conductive
parts of the pattern 4, 5. Although the exact conductiv-
ity of the powder is not critical in order to obtain elec-
trographic images of satisfactory quality.

In carrying out this invention a developer powder of
charcoal has been found useful; alternatively, other de-
veloper powders, such as metallic or thermoplastic
powders mzy be used. By way of example, a suitable
developer powder can be produced by oxidizing at a
temperature of about 700° C a commercial bronze to
obtain a black powder containing copper bioxide as
well as other metallic oxides; the powder is then passed
through sieves to reduce the grains size between 2 and
25 microns. The resulting powder can advantageously
be coated with stearic acid or zinc stearate or alumin-
ium stearate, alternatively; such a treatment will render
the powder somewhat adhesive and give to its grains a
very thin insulating coat which prevents electric dis-
charges between contiguous parts of the layer of pow-
der 6 during the application of the electric field. Fur-
thermore, after the formation of the images in the de-
vice of FIG. 1, the grains of powder 6 conserve intense
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residual electric charges because of their thin insulating
coat and thus the obtained electrographic images will
electrically adhere to the non-insulating parts of layer
3 and to the uniformly conductive image carrier 4.

The conductivity of copper bioxide powder is gener-
ally between about 10”7 and 10-5Siemens/cm. It is
moreover possible to use a commercial bronze co-
loured powder; such powder has a conductivity from
1075 to 10~Siemens/cm.

Other types of developers, such as thermoplastic
powders may be used as, for example, powders of poly-
styrene resins; these plastics materials may be rendered
conductive by mixing them with pure carbone, as it is
well known in the art. Furthermore, an insulating ther-
moplastic powder may be made conductive by coating
its grains with a thin metallic layer, for example.

While the method herein described and the appara-
tus used for carrying out this.method into effect consti-
‘tute preferred embodiments of the invention; it is to be
understood that the invention is not limited to this pre-
cise method and apparatus, and changes may be made
in either without departing from the scope of the inven-
tion which is defined in the appended claims.

What I claim is:

1. A method for producing an electrographic image
comprising the steps of placing a layer of electrically
chargeable particles against a photoconductive layer,
exposing said photoconductive layer to a pattern of ra-
diation to form a conductivity pattern in said photocon-
ductive layer, generating across said layer of electri-
cally chargeable particle and said photoconductive
layer an alternatively modulated electric field thereby
transferring alternating electric charges from said con-
ductivity pattern to said layer of electrically chargeable
particles whereby said layer of particles receives a pat-
tern of greater and lesser alternating charges, said
greater alternating charges removing a part of said par-
ticles while said lesser alternating charges maintain the
remaining particles in said layer of particles thereby de-
veloping a stable electrographic image.

2. The method of claim 1 wherein said photo-
conductive layer is Jocated between an insulating back-
ing and said layer of electrically chargeable particles
and said alternatively modulated electric field is gener-
ated across said layer of electrically chargeable parti-
cles, said photoconductive layer and said insulating
backing.

3. The method of claim 1 wherein said layer of elec-
trically chargeable particles is located between said
photoconductive layer and an insulating layer, and said
alternatively modulated electric field is generated
across said insulating layer, said layer of electrically
chargeable particles and said photoconductive layer.

4. The method of claim 3 wherein said insulating
layer is formed from a fluid layer interposed between
said photoconductive layer and a grid-shaped elec-
trode, and said alternatively modulated electric field is
generated between said photoconductive layer and said
grid-electrode, whereby said removed part of the parti-
cles is definitively attracted across said fluid and said
grid-electrode away from said electric field.

5. The method of claim 1 wherein said layer of elec-
trically chargeable particles is located between said
photoconductive layer and an image carrier whereby a
second stable electrographic image is developed on
said image carrier by said removed part of said parti-
cles.
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6. A method for producing an electrographic image
comprising the steps of placing a layer of electrically
chargeable particles against a photoconductive layer,
exposing said photoconductive layer to a pattern of ra-
diation to form in said photoconductive layer a conduc-
tivity pattern including maximum and minimum elec-
tric conductivities, sandwiching said layer of electri-
cally chargeable particles between said photoconduc-
tive layer and an image carrier having a uniform elec-
tric conductivity between the maximum and minimum
conductivities which are included in said conductivity
pattern, generating across said image carrier, said layer
of electrically chargeable particles and said photocon-
ductive layer an alternatively modulated electric field
charging said layer of electrically chargeable particles
from said conductivity pattern and said image carrier
simultaneously, said layer of electrically chargeable
particles thereby receiving electric charges attracting a
part of said particles away from said image carrier to
develop a first stable electrographic image on said pho-
toconductive layer and opposite electric charges at-
tracting the remaining particles away from said photo-
conductive layer to develop a second stable electro-
graphic image on said image carrier.

7. The method of claim 6 wherein said photoconduc-
tive layer is located between an insulating backing and
said layer of electrically chargeable particles and said
electric field is generated across said image carrier, said
layer of electrically chargeable particles, said photo-
conductive layer and said insulating backing.

8. The method of claim 6 wherein said image carrier
is located bewteen said layer of electrically chargeable
particles and an insulating layer, and said electric field
is generated across said insulating layer, said image car-
rier, said layer of electrically chargeable particles and
said photoconductive layer. .

9. The method of claim 6 wherein the sandwich,
formed by said layer of electrically chargeable particles
disposed between said photoconductive layer and said
image carrier, is located between two insulating layers,
and said electric field is generated across said two insu-
lating layers, said image carrier, said layer of electri-
cally chargeable particles and said photoconductive
layer. '

10. A method for producing an electrographic image
comprising the steps of coating a conductive image car-
rier with a layer of loosely-adhering electrically charge-
able particles, placing said coated image carrier against
a photo-conductive layer so that said layer of electri-
cally chargeable particles is sandwiched between said
photoconductive layer and said conductive image car-
rier, exposing said photoconductive layer to a pattern
of radiation to form a conductivity pattern in said pho-
toconductive layer, generating across said conductive
image carrier, said layer of electrically chargeable par-
ticles and said photoconductive layer an alternatively
modulated electric field so as to charge said layer of
electrically chargeable particles from said photocon-
ductive layer and said conductive image carrier simul-
taneously, said layer of electrically chargeable particles
thereby receiving a pattern of greater and lesser alter- .
nating charges, said greater alternating charges attract-
ing a part of said particles away from said image carrier
to develop a first stable electrographic image on said
photoconductive layer while said lesser alternating
charges maintain the remaining particles on said image
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carrier thereby developing thereon second stable elec-
trographic image.

11. The method of claim 10 wherein said photocon-
ductive layer is located between said layer of electri-
cally chargeable particles and an insulating backing,
and said alternatively modulated electric field is gener-
ated across said conductive image carrier, said layer of
electrically chargeable particles, said photoconductive
layer and said insulating backing.

12. The method of claim 10, wherein said conductive
image carrier is located between said layer of electri-
cally chargeable particles and an insulating layer, and
said alternatively modulated electric field is generated
across said insulating layer, said conductive image car-
rier, said layer of electrically chargeable particles and
said photoconductive layer.

13. The method of claim 10, wherein the sandwich,
formed by said layer of electrically chargeable particles
disposed between said image carrier and said photo-
conductive layer, is located between two insulating lay-
ers, and said alternatively modulated electric field is
generated across said two insulating layers, said image
carrier, said layer of electrically chargeable particles
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and said photoconductive layer.

14. A method for producing an electrographic image
comprising the steps of affixing a photoconductive
layer on an insulating backing material, coating said
photoconductive layer with a layer of electrically
chargeable particles, disposing said layer of electrically
chargeable particles between said photoconductive
layer and an insulating layer, exposing said photocon-
ductive layer to a pattern of radiation to form a con-
ductivity pattern in said photoconductive layer, gener-
ating across said insulating layer, said layer of electri-
cally chargeable particles, said photoconductive layer
and said insulating backing material an alternatively
modulated electric field thereby transferring alternat-
ing electric charges from said conductivity pattern to
said layer of electrically chargeable particles whereby
said layer of particles receives a pattern of greater and
lesser alternating charges, said greater alternating
charges removing a part of said particles while said les-
ser alternating charges maintain the remaining particles
in said layer of particles thereby developing a stable

electrographic image.
X % ok x %



