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57 ABSTRACT 

This invention relates to a method of producing a 
copy image of a transparent relief image on at least 
one thermoplastic layer which comprises passing light 
from a substantially point source through a layer con 
taining the relief image, and obtaining the copy image 
in a plane located at a distance other than zero behind 
the relief image. 

8 Claims, 2 Drawing Figures 
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1 
METHOD OF REPRODUCING A RELEF IMAGE 

The invention relates to a method of reproducing, 
i.e., copying by projection and/or duplicating, a trans 
parent relief image on at least one thermoplastic coat 
ing. * 

Relief images are obtained by various methods, usu 
ally photographic reproduction methods. Layers of 
photoresists can be so treated after developing that, de 
pending upon the nature of the coating, either the ex 
posed or the unexposed portions of the coating are re 
moved. With the aid of dies, it is possible to impress im 
ages in deformable materials, particularly in thermo 
plastic films at high temperatures. Relief duplicates 
also can be made from relief images by the impression 
method whereby the relief image is coated with a hard 
enable film-forming composition which is later re 
moved. 
Relief images produced by electrophotographic 

methods may consist of a carrier, made of a dielectric, 
and optionally transparent material such as a plastic 
substance or glass which may have a conductive coat 
ing of tin oxide, aluminum or the like, or a conductive 
material such as aluminum foil having a coating usually 
made of thermoplastic resin together with photocon 
ductive substances which may be present in the form of 
separate layers. The surface may be provided with a 
non-conducting coating which alters the light reflec 
tion. This electrophotographic recording material is 
electrostatically charged under a corona discharge 
unit, exposed to produce the image and softened. 
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Under the effect of the latent charge pattern the sur 
face of the plasticized resin deforms to provide a relief 
image. Depending upon the test conditions and specifi 
cally upon the level of charge, different types of relief 
images are obtained. When the charge is relatively 
high, the surface assumes an irregular structure in the 
charged areas so that the image produced by light 
scattering is obtained which can be viewed or pro 
jected. This method of recording is known as the "Frost 
process.' If the recording material is not so heavily 
charged as for the Frost process, a continuous relief 
line is formed on the otherwise smooth background 
which line marks the boundary where there is a discon 
tinuity in the magnitude of the charge as a result of ex 
posure. This recording process in which relief images 
consisting of continuous deformation lines are obtained 
is known as “Photoplastic Recording." In this specifi 
cation, the term "relief image' will be understood to 
mean this type of electrophotographic deformation im 
age. m 

In recent years electrophotographic releif images 
have been the subject of intensive development opera 
tions, and difficulties have been encountered in pro 
jecting these images and particularly in optically dupli 
cating them. These relief images have been classified as 
phase images on account of the change in the thickness 
of coating, it has been necessary to view them through 
phase microscopes. No suitable duplicating process has 
existed for relief images produced by electrophoto 
graphic means. When impressions have been made, the 
relief image has been previously intensified by galvanic 
means. Casts using hardenable coatings are time 
consuming to prepare. Copying by projection has been 
carried out by means of Schlieren optical systems. 
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The object of the invention is, therefore, to provide 
a method of reproducing relief images, and particularly 
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relief images produced electrophotographically, which 
avoids the aforementioned high costs and complica 
tions and which enables copies of relief images to be 
obtained by projection and/or for the purpose of mak 
ing duplicates. 
The present invention provides a method for repro 

ducing a transparent relief image on at least one ther 
moplastic coating in which parallel light or divergent or 
convergent light from a point of substantially point 
source is passed through the relief image, and the copy 
image is collected in a plane located at a non-zero dis 
tance from the rear of the relief image. 
The method of the invention can be used for all types 

of relief images. It is, however, suitable for reproducing 
a relief image that has been produced electrophoto 
graphically as a deformation image. 

It has been found that light having a controlled direc 
tion of propagation, i.e., parallel light or divergent or 
convergent light from a point or substantially point 
source, provides images having especially good resolu 
tion and good contrast when certain conditions regard 
ing the distance between the relief image to be repro 
duced and the plane of the image are observed. Ac 
cording to the invention, a distance is maintained that 
is large compared with the known duplicating proc 
esses used in connection with photographic reproduc 
tion wherein the original and the recording material are 
in contact. It has been found that the distance is 
roughly directly proportional to the width of the relief 
line and can be determined with the aid of the annexed 
graph (FIG. 1). The width (y) of the relief line and the 
distance (x) can be determined by the equation 

y = mx + b 
wherein x and y are in millimeters, n is between ap 
proximately 0.02 and 0.15, and b is between approxi 
mately zero and -0.02. 

Particularly good results can be obtained if m is be 
tween approximately 0.03 and 0.07 and b is less than 
minus 0.01. These equations apply approximately in 
the case of thicknesses of relief line of > 0.002 mm. 
Thus, in the case of broad relief lines, the distance is 
greater than when the relief lines are narrow. The pre 
ferred distance between the relief image and the plane 
of the image that enables copies having maximum con 
trast and sharpness to be obtained is within the range 
extending from approximately 0.1 to 5 mm. 
Reproductions of relief images can be obtained by 

projection onto screens. However, it is preferred to 
make copies on copying material such as diazo films or 
vesicular films in the plane of the copy image. Very 
considerable advantage results from the use of copying 
material that has a hard action and has a narrow expo 
sure range in which the image builds up. In the photo 
graphic industry, this latter property is generally speci 
fied quantitatively by the gradation. 
Thus, legible duplicates are obtained by using diazo 

films having gradation values of about 2. It has been 
found that contrast is considerably improved by the use 
of vesicular films which are therefore particularly suit 
able for the purpose of the present invention. These 
films have a softenable film-forming coating containing 
photosensitive substances which decompose when ex 
posed to light-rays and form gaseous products, for ex 
ample, aromatic diazo compounds, so that after devel 
oping, usually by thermal means, a high-contrast image 
formed by light scattering is obtained. Gradation values 



3 
of between 2.6 and 4.8 are indicated for vesicular films 
having diazonium salts as the photosensitive compo 
nents, in the production of light-scattering images, 
these values being dependent to some extent upon the 
optics of the reproduction equipment. 5 
According to the invention, by using the optimum 

distances found from the above-mentioned formulae, 
the relief images can be duplicated with parallel light 
while maintaining the same scale, as shown diagram 
matically in the accompanying FIG. 2 wherein the re- 10 
lief image 1, having a striation width y, is shown as 
being reproduced in the plane 2 at a distance of x. It is, 
however, also possible to obtain an enlarged image in 
the image plane by using divergent light as obtained 
from a point or substantially point source. It is also pos- 15 
sible to produce a reduced image by using convergent 
light as obtained from a point source with a convergent 
lens. As in duplicating, all these images can be used for 
exposing a light-sensitive recording material, or they 
can be captured for direct viewing on a screen. For the 20 
purposes of projection, the image in the image plane is 
projected onto the screen by way of an optical system 
to the rear of the image plane. Various types of receiv 
ers, for example light-sensitive recording elements, for 
example television cameras or photoelectric cells, are 25 
suitable as screens. 
For the purpose of achieving uniform lighting of the 

objects to be reporoduced, use is generally made of 
areal lamps as employed in duplicating or optical re 
production methods and containing several coils of 30 
wire; use may also be made of one or more linearly ex 
tending lamps, usually in the form of tubes, or of a 
sheet of ground glass interposed between the object to 
be reproduced and the lamp. However, the use of such 
means results in a considerable reduction in contrast 
when reproducing relief images. According to the in 
vention, point light sources are used for producing light 
having a controlled direction of propagation, such 
sources being, for example, gas-discharge lamps with 
short arcs or incandescent lamps comprising a small 
coil, and the light from these lamps may be reflected by 
way of a condensing unit. The diameter of the light 
zone must in each case be very much smaller than the 
distance between the relief image and the lamp. The 
use of parallel light represents a special case for repro 
ducing the lighted zone with the aid of a condenser unit 
when the latter is located at a distance from the lighted 
zone that is precisely equal to the focal length. Lasers 
are also suitable for the reproduction method of the in 
vention, the laser beam advantageously being broad 
ened. When the light source is a laser, only its charac 
teristic of an extremely small angle of divergence is em 
ployed. Moreover, the phase coincidence occurring at 
the same time in the laser beam leads to undesirable 
diffraction phenomena at the edges of the image which, 
although not affecting resolution, do spoil the impres 
sion given by the image. 
Hitherto it has only been possible to use duplicating, 

in which the original is in contact with the copying ma- 60 
terial, as a basis for the duplication of holograms, laser 
light and the phase coincidence peculiar thereto being 
necessary for the duplication in order to enable that 
portion of the beam passing through the hologram and 
that portion diffracted thereon to interfere at the rear 
of the hologram. Apart from the fact that holograms 
are not directly legible interference images whereas the 
relief images with which the invention is concerned 
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contain information in the form of directly legible sym 
bols, in-phase light is required for the known method 
of duplicating holograms, whereas on the other hand 
phase coincidence is undesirable in the reproduction 
method of the invention. It follows from this that the 
method of the invention is not comparable with the du 
plication of holograms. 
As already stated, the plane in which a sharp copy of 

the relief image is obtained is located at a certain finite 
distance from the relief image and it is not necessary to 
interpose an additional optical reproduction unit. Pre 
viously, it has been customary, when duplicating on a 
non-contact basis, to provide an optical system behind 
the object that is to be optically reproduced. 

In perfecting the method of reproducing relief images 
in accordance with the invention, it has been found that 
the precise distance necessary between the relief image 
and the copying, material depends largely upon the 
method used for producing the relief image. For exam 
ple, for the purpose of making sharp reproductions of 
relief images produced by stamping with a die having 
raised portions of rectangular cross-section, smaller 
distances are required that when producing sharp re 
productions of relief images produced by electrophoto 
graphic processes and probably having a cup-shaped 
relief cross-section. A feature common to all relief im 
ages is that, for the purpose of reproduction, it is neces 
sary to maintain a certain distance which can vary up 
wards or downwards within certain limits, and although 
the information becomes increasingly more difficult to 
read, it still can be read until comprehensibility ceases 
completely when the distance is too great or too small. 
As previously stated, this is quantitatively represented 
in FIG. 1 in the case of relief images produced by elec 
trophotographic means. 
Conditions are more favorable for the reproduction 

of a relif original consisting only of letter type, for ex 
ample, of a typewritten page recorded as a relief origi 
nal to a different scale, or of computer output micro 
film signals recorded in the form of electrophoto 
graphic relief images, - 
The method of the invention will now be described 

in greater detail by reference to the following Exam 
ples. 

EXAMPLE. 

One gram of copper phthalocyanine, for example Mi 
crolith Blau 4 GT, marketed by CIBA, Basle, Switzer 
land, 5 g of low-molecular weight poly-2- 
methylstyrene, for example 276V9, marketed by Dow 
Chemical Company, U.S.A., and 10 g of polystyrene . 
having an average molecular weight of appoximately 
30,000, for example PS3, marketed by Dow, were dis 
solved in 50 ml of CHCla. The chloroform contained 
one spot of silicone oil per liter. Using this solution, a 
50 pu, thick polyester film was coated with a 2 pu thick 
covering layer of polyvinyl chloride in a centrifuge, and 
was dried for 10 minutes at 21°C and then for 20 min 
utes at 50 C in a recirculated air drying cabinet. 
Charging was carried out in the dark on a grounded 
metal plate under a -8 KV needle corona. With the aid 
of a projection lamp (200 watt) an image reduced to 
one-fifteenth was produced over a period of 10 seconds 
from groups of striations of different sizes on the 
charged film through an optical system (f= 3.5 cm). 
The film was then developed by means of a thermal ra 
diator, the relief image thus being created. The radiator. 



5 
was a steel sheet located at a distance of 0.5 cm and 
having the dimensions 20 x 80 x 0.1 mm, to which 2.8 
volts were applied for 1.5 seconds in the longitudinal 
direction; the heating effect was approximately 0.5 
KW. 
The groups of lines on the relief image were mea 

sured off with the aid of a microscope. The relief image 
was then irradiated with parallel light from a point 
source high pressure mecury lamp (200 W) having a 
quartz lens (f= 10 cm). A diazo film produced in the 
following manner was positioned at predetermined dis 
tances behind the film carrying the relief image: 
A cellulose acetate film was coated with the follow 

ing solution and then dired: 2.6 g of citric acid, 6.0 g 
of thiourea, 1.4 g of 2-hydroxy-3-naphthoic acid 
-(6-hydroxyethyl)-amide, 1.75 g of 3-hydroxy-4- 
methylphenyl urea, 1.2 ml of formic acid, 70 g of 4 
diethylamino-benzenediazonium-tetrafluoroborate, 38 
ml of water, and 48 ml of isopropanol. 
The diazo film was exposed for 60 seconds and devel 

oped with ammonia. The groups of lines recorded on 
the diazo film and observed in the form of a positive 
image in which the unexposed zones of the film were 
darkened were detected with the aid of a microscope. 
The relationships between the necessary distance (x) 
and the thickness (y) of the relif striation that were 
found are plotted in the annexed FIG. 1. The distance 
range which should be adhered to for producing legible 
duplicates was located between the curves marked A 
and B. The values determined in accordance with the 
stated formula are: 

A 0.43 OOO2 
B 0.022 0.01 

The preferred range of distances that enable dupli 
cates of maximum contrast and sharpness to be ob 
tained was found to be approximately midway between 
the curves A and B and is indicated by hatching in FIG. 
I. In accordance with the stated formula, the values for 
m and b were as follows: 

0.06 0.00 
0.039 0.003 

Various lettering can be reproduced simultaneously 
in a legible manner for differing widths of striation, for 
which purpose reference should be made to the graph 
for selecting a suitable distance. 
The sharp reproduction of the relief image provided 

in the image plane for each width of striation can be 
projected by an optical system onto a screen, a legible 
image being obtained. A. 

EXAMPLE 2 

The diazo film used in Example 1 was replaced by a 
vesicular film marketed by Kalvar, New Orleans, La., 
USA. The exposure time was 60 seconds. Developing 
was effected by laying the vesicular film for 3 seconds 
on a plate heated to about 100 C. This resulted in a 
negative light-scattering image, i.e., the exposed por 
tions of the film were cloudy. When the light-scattering 
image was projected, a high-contrast and very legible 
image was obtained. 
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EXAMPLE 3 

A zinc plate was coated with the following solution 
in a centrifuge and dried for 6 minutes at 100°C: 

100 ml of glycol monomethyl ether, 2.8 g of 1,2- 
naphthoauinone-2-diazide-5-sulfo-acid monoester of 
2,3,4-trihydroxybenzo-phenone (esterified in position 
4) and 4.5 g of novolak having a melting range of be 
tween 108 and 118°C. This was then exposed beneath 
an arc lamp through an original having groups of lines. 
After developing in an alkaline aqueous medium, 
ethching was carried out for 20 seconds at 22°C using 
an iron chloride solution (40 Baume). The flat etched 
image exhibited sharp edges under the microscope. 
The zinc plate carrying the etched image was 

clamped, together with a colorless polyvinyl chloride 
film (100 pu), for 5 minutes in a vice having smooth 
jaws. The vice had been previously warmed with hot 
air. The impressed film was used in place of the electro 
photographically produced relief image of Example 1. 
Sharp images were obtained at distances amounting to 
only about one-third of those used in Example 1. The 
exposure time for the diazo film when duplicating the 
relief image in the polyvinyl chloride film was consider 
ably shorter than in Example 1 and amounted to only 
approximately 5 seconds. . 

It will be obvious to those skilled in the art that many 
modifications may be made within the scope of the 
present invention without departing from the spirit 
thereof, and the invention includes all such modifica 
tions. 
What is claimed is: 
1. A method of producing a copy image of a transpar 

ent electrophotographic deformation image having re 
lief lines on at least one thermoplastic layer, comprising 
passing light from a substantially point source through 
a layer containing said deformation image and onto 
said thermoplastic layer while simultaneously maintain 
ing a predetermined distance x between said layer con 
taining said deformation image and the plane of said 
thermoplastic layer, said distance x determined by the 
formula: 

y = m x + b 
where: 
y is the width of said relief lines in mm, 
m is between about 0.02 and 0.15, 
x is said distance x in mm, and 
b is between about 0 and minus 0.02, to obtain a copy 
image. 

2. A method as claimed in claim 1 wherein a copying 
material is placed in the image plane. 

3. A method as claimed in claim 2 wherein the copy 
ing material is one having a hard effect. 

4. A method as claimed in claim 3 wherein the copy 
ing material is a vesicular film. 

5. A method as claimed in claim 1 wherein the light 
is parallel light. 

6. A method as claimed in claim 1 wherein the light 
is divergent light. 

7. A method as claimed in claim 1 wherein the light 
is convergent light. 

8. A method in accordance with claim 1 wherein m 
is between about 0.03 and 0.07 and b is less than minus 
0.01. 
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