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Edward C. Giaimo, Jr., Princeton, N.J., assignor to Radio 
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5 Claims. (CE. 96-1.1) 

This invention relates generally to the art of electro 
photographic reproduction, and more particularly to an 
improved method of developing electrophotographic rec 
ord elements of the type having a thermoplastic photocon 
ductive layer. The improved method of the present inven 
tion is particularly, but not exclusively, useful for provid 
ing ripple images in electrophotographic record elements. 

It has been proposed to form a ripple image in a thermo 
plastic photoconductive layer, hereinafter called “layer,” 
of an electrophotographic record element by a develop 
ing process wherein the layer is first charged electro 
statically and then exposed to a light image to discharge 
it selectively. Next, the record element is heated until the 
layer is softened. Then the electrostatic forces on the layer 
produce a ripple image of the latent image thereon. The 
record element is cooled, fixing, that is, freezing, the rip 
ple image in the thermoplastic photoconductive layer. 

It has been observed that the rate of decay of the elec 
trostatic charge on the layer is markedly increased after 
the record element has been exposed to the light image 
and also during the heating process. Under these condi 
tions, the retention of the electrostatic forces remaining 
on the layer, after the latter has been softened by heat, is 
desirably greater than is presently available in order to 
produce better ripple images, that is, images with better 
relief in the layer. 

It is an object of the present invention to provide an 
improved method of producing ripple images of good 
relief in an electrophotographic record element. 
Another object of the present invention is to provide an 

improved method of producing ripple images in electro 
photographic record elements wherein an electrostatic 
charge which may have leaked off during the process is 
replenished. 

Still another object of the present invention is to pro 
vide an improved method of developing an electrophoto 
graphic record element that is relatively easy to carry out 
S. is highly efficient in producing ripple images of good 

relief. 
Briefly stated, these and other objects and advantages of 

the present invention are accomplished by an improved 
method comprising the steps of (1) producing a light con 
ductivity pattern in the thermoplastic photoconductive 
layer of a record element by exposing the layer to a light 
image, (2) heating the layer to soften it, and (3) charging 
the layer with an electrostatic charge periodically prior to 
and/or during at least a portion of the time the layer is 
being heated. The layer may, if desired, be charged with 
a uniform electrostatic charge before it is exposed to pro 
duce the conductivity pattern in it, but electrostatically 
charging the layer prior to producing the conductivity pat 
tern is not necessary because the layer is charged electro 
Statically just prior to, and/or during the heating step in 
the improved developing method. 
The novel features of the present invention, both as to 

its organization and operation, as well as additional ob 
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2 
stood from the following description, when read in con 
nection with the accompanying drawing, in which similar 
reference characters refer to similar parts throughout, and 
in which: 

FIG. 1 is a cross-sectional view of an electrophoto 
graphic record element of the type used in the improved 
method of the present invention; and 
FIGS. 2, 3, 4, and 5 are cross-sectional views of the 

electrophotographic record element in different stages of 
the improved method of the present invention for produc 
ing a ripple image in the thermoplastic photoconductive 
layer of the record element. 

Referring, now, particularly to FIG. 1 of the drawing, 
there is shown an electrophotographic record element 10 
having either a flexible or a rigid substrate 12, such as 
“Mylar' or glass, a transparent or reflective conductive 
layer 14, such as tin oxide or aluminum, and an essentially 
transparent, thermoplastic photoconductive layer 16. The 
photoconductive layer 16 may comprise a solid solution 
of a leucobase dye intermediate, such as the leucobase of 
malachite green, in a thermoplastic resin, such as styrene. 
The photoconductive layer should be heat deformable 
over a relatively narrow range of temperatures. 
A ripple image may be formed in the layer 16 of the 

record element 10 by one embodiment of the improved 
method of the present invention, the steps of which are 
illustrated in FIGS. 2, 3, and 4. The layer 16 is charged 
electrostatically with a uniform electrostatic charge by any 
Suitable means, as by a corona discharge device, known 
in the art. Referring to FIG. 2, there is shown a plurality 
of interconnected wires 18, in cross-section, from which 
a corona discharge may be produced. The interconnected 
wires 18 are connected to a voltage terminal 20, and the 
conductive layer 14 is connected to a voltage terminal 22, 
the latter being connected to a common terminal, such 
as ground. A source of unidirectional high voltage of 
about 6,000 volts (not shown) may be connected between 
the terminals 20 and 22 to provide the corona discharge. 
When the negative terminal of the power supply is con 
nected to the terminal 20, the layer 16 is charged nega 
tively, as indicated in FIG. 2. 
The record element 10 is now exposed by a light image 

to produce a conductivity pattern, as well as an electro 
static latent image in the layer 16. The layer 16 may be 
eXposed to the light image through a mask 24 having 
dark areas 26 opaque or partially opaque to light and 
light transmitting areas 28. Light, illustrated by the ar 
rows 30, passing through the light transmitting areas 28 
of the mask 24 discharges the photoconductive layer 16 
Selectively in accordance with the intensity of the light 
impinging thereon, as illustrated in FIG. 3. The portions 
of the layer 16 beneath the dark areas 26 retain their 
electrostatic charges. 

It has been found that a previous exposure of the photo 
conductive layer 16 to light as well as the subjection of the 
charged layer 16 to heat causes a marked increase in the 
decay rate of the charges on the layer 16, especially the 
charges in the dark areas of the layer 16. 
Means to replenish the electrostatic charges on the 

layer 16 that may be lost upon heating and/or that may 
have been lost as a result of the increased decay rate 
caused by the previous light exposure are shown in the 
arrangement of apparatus illustrated in FIG. 4. The layer 
16 is exposed to heat of a temperature sufficient to soften 

jects and advantages thereof, will be more readily under- 65 it so that the electrostatic charges remaining on it may de 
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form it. Preferably, to accomplish such heating, a hot gas, 
such as hot air, illustrated by the arrows 32, is blown onto 
the surface of the layer 16 by any suitable means (not 
shown), such as a hot air blower. Means are also provided 
to charge the layer 16 electrostatically either immediately 
prior to or during at least a portion of the time that the 
layer 16 is being heated. To this end, there is provided 
a high voltage unidirectional power Supply 34 having its 
positive terminal connected to the common connection, 
ground, and its negative terminal connected to the volt 
age terminal 20 through a switch 36. The power Supply 
34 is capable of supplying a sufficient voltage (for exam 
ple, 6,000 volts) between the wires 18 and ground to 
charge the layer 16 electrostatically. 
The switch 36 may be any suitable switching means to 

interrupt the power supply 34 periodically. As shown in 
FIG. 4, the switch 36 comprises a rotary contact wheel 
37 having a plurality of contacts that are adapted to en 
gage a fixed contact 38 when the rotary contact wheel 37 
is driven by a motor 40. Thus, the layer 16 may be 
charged periodically with a suitable charge, depending 
upon the polarity connections of the power Supply 34, at 
a frequency depending upon the speed at which the Switch 
36 is driven. Although the switch 36 is shown as a me 
chanical switch herein, it may instead be an electronic 
switching circuit, whose frequency may be varied at Will, 
in a manner known in the art. The frequency of charging 
is not critical and may vary from 60 c.p.s. to 2000 C.p.s. 
The latent image produced on the layer 16 can now 

be developed by heating the layer 16, as shown in FIG. 4, 
until the layer 16 softens sufficiently so that electrostatic 
charges on the layer 16 can deform it to produce the 
ripple image. The layer 16 should be charged either im 
mediately before heat is applied to it, or during at least 
a portion of the heat application step. Although the elec 
trostatic charges may be deposited continuously upon the 
layer 16 to produce the ripple innage, it is preferable to 
apply the electrostatic charges repeatedly, and preferably 
periodically to provide better control of the charging proc 
ess. The layer 16 is then allowed to cool, freezing the 
ripple image in the layer 16. 

Preferably, the charging pulse duration should be less 
than the time required for the layer 16 to reach its satu 
ration voltage value. Thus, the shorter the pulse time, the 
finer is the control of the charging process to arrive at a 
desired voltage level on the layer 16. 

In another embodiment of the method of the present 
invention, the layer 16 of the record element 10 need not 
be charged electrostatically prior to exposing the layer 16 
to a light image. The conductivity pattern, which is in 
fact a latent image, can be produced in the layer 16 by 
exposing the uncharged layer 16 to a light image by any 
suitable means. Thus, as shown in FIG. 5, a conductivity 
pattern is produced in the layer 16 by directing light 30 
through the light portions 28 of the mask 24. The mask 
24 may also be a photographic negative or positive, for 
example. 
A ripple image of the latent conductivity pattern in the 

layer 16 can now be formed by heating the layer 16 and 
applying an electrostatic charge thereto either continu 
ously or periodically, as shown in FIG. 4, during at least 
a portion of the time the layer 16 is being heated. The 
layer 16 may also be charged electrostatically, either 
periodically or continuously, immediately preceding the 
heating of the layer 16. 
From the foregoing description, it is apparent that 

there has been provided improved methods of forming 
ripple images of good relief in thermoplastic photocon 
ductive layers of electrophotographic record elements. 
While only two embodiments of the improved method of 
the present invention have been described, variations in 
the method, all coming within the spirit of this invention, 
will, no doubt, readily suggest themselves to those skilled 
in the art. Hence, it is desired that the foregoing shall 
be considered as illustrative and not in a limiting sense. 
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4. 
What is claimed is: 
1. In a method of developing an electrophotographic 

record element of the type comprising an electrically con 
ductive layer and a thermoplastic photoconductive layer 
thereon, and wherein a conductivity pattern is produced 
in said photoconductive layer, the improvement compris 
ling 

(a) applying heat to said photoconductive layer hav 
ing said conductivity pattern therein, and 

(b) charging said photoconductive layer periodically 
with an electrostatic charge in pulses during at least 
a portion of the time said heat is applied to Said pho 
toconductive layer to replenish any electrostatic 
charge dissipated by said heat, whereby to allow elec 
trostatic charges to deform said layer and to produce 
a ripple image therein. 

2. A method of developing an electrophotographic rec 
ord element of the type comprising a thermoplastic pho 
toconductive layer, said method comprising the steps of 

(a) charging said layer with a uniform electrostatic 
charge, 

(b) exposing said layer to a light image to discharge 
it selectively, 

(c) heating said exposed layer, whereby to soften said 
layer so that the electrostatic forces thereon form a 
ripple image therein, and 

(d) applying a further replenishing electrostatic charge 
to said layer in pulses during at least a portion of 
the time said layer is being heated. 

3. In a method of developing an electrophotographic 
record element of the type comprising an electrical con 
ductive coating and a thermoplastic photoconductive lay 
er thereon, wherein said layer is uniformly charged with an 
electrostatic charge, and wherein said charged layer is ex 
posed to a light image to discharge said layer selectively, 
the improvement comprising 

(a) heating said exposed layer, whereby to soften it 
and to allow electrostatic charges thereon to deform 
said layer to produce a ripple image therein, and 

(b) further charging said layer in pulses periodically 
just prior to and during at least a portion of the time 
said layer is being heated to replenish any charge dis 
sipated during said heating. 

4. In a method of forming a ripple image in an elec 
trophotographic record element of the type comprising a 
substrate, an electrical conductive coating on said sub 
strate, and a thermoplastic photoconductive layer on said 
coating, wherein said layer is uniformly charged with an 
electrostatic charge, and wherein said charged layer is ex 
posed to a light image to discharge said layer selectively 
and to produce a latent image, the improvement compris 
ling 

(a) directing a stream of hot air onto said exposed 
layer from one side of said layer to heat said layer 
first, whereby to soften said layer and to allow elec 
trostatic charges thereon to deform said layer and to 
produce a ripple image therein, 

(b) applying a further replenishing electrostatic charge 
to said layer in pulses periodically during at least 
a portion of the time said stream of hot air is directed 
onto said layer, and 

(c) cooling said record element. 
5. A method of developing an electrophotographic 

record element of the type comprising a thermoplastic 
photoconductive layer, said method comprising the steps of 

(a) eXposing said layer to a light image to produce a 
conductivity pattern thereon, 

(b) heating said exposed layer, whereby to soften said 
layer, 

(c) charging Said layer in pulses periodically during at 
least a portion of the time said layer is being heated 
to replenish any charge dissipated during said heat 
ing, and 

(d) cooling said layer when a ripple image correspond 
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ing to the light of said conductivity pattern has FOREIGN PATENTS 
formed in said layer. 612,087 4/1962 Belgium. 
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