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3 Claims. (C. 96-1) 
This invention relates to contrast control in xerography. 
In a common form of xerography a positive electro 

static charge of the order of several hundred volts is placed 
on the selenium surface of a xerographic plate compris 
ing a layer of vitreous photoconductive insulating selenium. 
The selenium will normally have a sufficient resistivity 
in the dark to retain the applied charge for a considerable 
period of time. The xerographic plate is then exposed to 
a pattern of light and shadow corresponding to an image 
to be reproduced. The selenium becomes more conduc 
tive in illuminated areas allowing the electrostatic Surface 
charge to drain away in these areas, thus forming on the 
surface of the xerographic plate an electrostatic charge 
pattern corresponding to the image to be reproduced. This 
charge patteria, or electrostatic latent image as it is also 
called, is then made visible or developed through the at 
traction to it of finely divided electrostatically attractable 
particles. Many systems of xerographic image develop 
ment are known and may be used in connection with the 
present invention, but two such methods are particularly 
suitable for the reproduction of high quality images with 
which the present invention is principally concerned. One 
of these methods comprises introducing to the surface of 
the xerographic plate a gaseous suspension of finely di 
vided electrostatically charged particles, preferably pig 
mented particles. The other method comprises wetting or 
immersing the xerographic plate in a suspension of similar 
finely divided particles in an insulating liquid. In either 
method it has been found desirable to maintain a conduc 
tive equipotential electrode in close proximity to the 
selenium surface of the xerographic plate during develop 
ment and to use a conductive support behind the selenium 
layer where such a layer is not already an integral part 
thereof. Where charged area development is desired, that 
is development in which the least illuminated portions of 
the plate, which retain the greatest charge, attract the 
greatest amount of developer material, the electrode will 
be maintained at a potential close to that of the conduc 
tive support of the xerographic plate. On the other hand, 
uncharged area development may be carried out by main 
taining the electrode at a potential substantially that of the 
highest potential remaining on the selenium surface, and 
in this case those portions of the xerographic plate con 
taining the least charge will attract the greatest amount 
of developer. The developer image may be viewtd on the 
Xerographic plate or preferably the finely divided material 
comprising the image may be transferred in image con 
figuration to another support, such as a sheet of paper, 
and viewed there. 

It has been found in connection with xerographic image 
reproduction using vitreous selenium plates, particularly 
with charged area development, that the developed images 
are often excessively contrasty. To some extent, this may 
be a result of particular development techniques, but prin 
cipally it results from the fact that the amount of exposure 
required to bring a selenium xerographic plate from a 
slightly discharged condition to a substantially discharged 
condition is too small. This characteristic of the selenium 
plate limits the tonal range of an original image which 
can be reproduced by Xerography. This limitation in tonal 
range cannot be overcome by changing development tech 
niques, because any development system can develop only 
those patterns of charge which are actually present on 
the Xerographic plate as a result of exposure to a pattern 
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of light and shadow. If some parts of the pattern of light 
and shadow are not converted into variations in charge 
on the xerographic plate, they obviously cannot then be 
developed by any technique. While the particular exces 
sive contrast referred to herein is a characteristic of vitre 
ous selenium xerographic plates, such plates continue to 
be preferred for making high quality xerographic repro 
ductions because they are more sensitive to light than 
other Xerographic plates and can be made with greater uni 
formity and reliability and give higher quality images than 
are presently available with other types of plates. Meth 
ods have been proposed for reducing or controlling con 
trast in xerographic image reproduction, but these have 
generally been complex, requiring the use of special equip 
ment, or substantially increasing the complexity of the 
procedure to be followed in making a xerographic image. 

Accordingly, it is an object of the present invention to 
provide a simple technique of controlling contrast in 
Xerography. 

it is a further object of the invention to control the con 
trast obtained with selenium xerographic plates. 

It is a still further object of the present invention to 
control contrast in Xerography by controlling the spectral 
distribution of light used in exposing a selenium xero 
graphic plate. 
These and other objects will become apparent in the 

following description and claims and through the figures 
in which: 

FIG. 1 is a curve showing the spectral sensitivity of a 
selenium xerographic piate; 

F.G. 2 is a set of curves showing the light decay char 
acteristics of a selenium Xerographic plate; and, 

FIG. 3 is a set of transmission curves of suitable filters 
for use in carrying out the invention. 
FIG. 4 is a partially schematic representation of appa 

ratus for carrying out the invention. 
Turning now to FIG. 1, we see a curve relating the rela 

tive light sensitivity of a selenium Xerographic plate to 
the Wave length of light used in exposing the plate. It 
can be seen that there are two distinct regions of sensitivi 
ty. One Such region is sessentially in the blue part of the 
spectrum, and extends from the ultra-violet up to about 
5600 angstrom units. Going to longer wave lengths, there 
is a region in which the selenium shows substantially no 
photoconductive response to light. Finally, there is a sec 
ond sensitive region in the red centered about 7,000 ang 
strons. It is apparent that the sensitivity to red light is 
very much less than sensitivity to blue light. It is believed 
that the blue sensitivity is principally due to the vitreous 
Selenium itself. The shape and extent of the blue sensitiv 
ity have been found to be largely independent of the tech 
niques used in preparing the xerographic plate. The red 
Sensitivity, on the other hand, is believed to be due to the 
presence of selenium crystallites in the otherwise amor 
phous or vitreous selenium layer. Accordingly, the rela 
tive magnitude of the sensitivity to red light has been 
found to depend to a considerable extent on the techniques 
used in forming the selenium layer on the xerograph 
ic plate. Techniques for forming selenium xerographic 
layers are described in copending application Serial No. 
526,781. Regardless of manufacturing techniques, how 
ever, the red sensitivity is always substantially less than 
the blue Sensitivity. A suitable method of making sele 
nium Xerographic plates having enhanced red sensitivity 
particularly Suited for the present invention may be found 
in U.S. Patent 2,753,278. 
Although much time and effort has been spent in meas 

uring and analyzing the properties of selenium xerographic 
plates and in attempting to influence those properties, it 
has not hitherto been observed that the red light photo 
conductive response of such plates is not only quantita 
tively different from the blue light response but qualita 
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tively different as well. I have, however, found that there 
is such a difference and that this difference can be used 
to modify and improve the quality of xerographic repro 
ductions obtained with selenium plates. These findings 
will be apparent from a consideration of FIG. 2 which 
contains three different curves showing the potential on a 
selenium Xerographic plate as a function of the quantity 
of light received by that plate. Each of these curves was 
experimentally obtained by charging the plate, measuring 
the potential on the plate, exposing the plate for an in 
crement of time to a constant intensity light source, meas 
uring the potential on the plate, and repeatedly exposing 
and measuring. The curve identified as "blue' was made 
by exposing the plate to blue light as selected by a Wrat 
ten filter No. 49. The characteristics of these and other 
filters used are shown in FIG. 3. It is apparent that this 
filter transmits no red light and only relatively little of 
the blue light to which the plate is sensitive. Such a 
filter was chosen to compensate for the very much greater 
blue sensitivity of the plate as compared to red sensitivity. 
Because the xerographic plate is far more sensitive to blue 
than to red light, the blue curve in FIG. 2 is typical of 
the response of a xerographic plate when exposed to 
"white' light, even that from an incandescent lamp which, 
of course, is relatively rich in the longer wave lengths. It 
can be seen as a characteristic of a selenium Xerographic 
plate when exposed to blue, or white, light that the curve 
is relatively steep and spans a relatively short range on the 
horizontal or log exposure axis. This is equivalent to say 
ing that a selenium plate under normal exposure condi 
tions is rather contrasty and has a short exposure range or 
short tonal reproduction scale. 
The curve identified as "red' was made by a similar 

technique except that exposure was made to red light 
which had been selected by a Wratten filter No. 25. It is 
apparent that this filter transmits substantially all of the 
red light to which the plate is sensitive. It can be seen 
that this curve does not have as steep a slope and covers 
a larger span on the log exposure axis. It would appear 
from this curve that the contrast of a xerographic print 
could be reduced and its tonal range increased by making 
the exposure of the xerographic plate solely by red light. 
It will be noticed, however, that the red curve of FIG. 2 
has started to level out at its right end and, as a matter 
of fact, the potential of the xerographic plate when exposed 
solely to red light will not fall much below 80 volts. 
Accordingly, the range of potential available in such a 
plate for effecting development is considerably reduced, 
and for this reason exposure to red light, while it does 
decrease contrast and increase the exposure acceptance 
range, may result in a developed image which has a high 
background density and which lacks clear whites. This 
may occur because the 80 volts minimum potential on 
the xerographic plate may cause a substantial attraction 
of the finely divided material used in development. I 
have, however, found that by combining the red light with 
a certain amount of blue light it is possible to reduce con 
trast and increase exposure acceptance range without com 
promising the performance of the xerographic plate in 
other respects. Such as result is shown by the curve 
labeled "red plus blue' in FIG. 2. This curve was made 
by selecting the light used for exposure by a combination 
of Wratten filters No. 3 and No. 31. An examination of 
the characteristics of these filters as shown in FIG. 3 
shows that the combination will pass substantially all of 
the red light to which the plate is sensitive, but very little 
of the blue light. Hence, the amount of blue light used 
was very small in comparison to the red. It can be seen 
that this curve has a smaller and far more uniform slope 
than that for blue light and that it covers a much larger 
range on the log exposure axis and that the plate can be 
discharged to at least as low a residual potential as is ob 
tainable with blue light. It should be noted that the slight 
difference in the initial potential of this curve as compared 
with the other two is merely due to the experimental diffi 
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4. 
culty in successively recharging a Xerographic plate to 
precisely the same potential. This difference of about 6 
volts has no effect on the results obtained. Obviously, the 
slope and characteristics of a curve such as the one labeled 
“red plus blue” can be controlled by varying the relative 
proportions of red and blue light used. Thus, as the pro 
portion of blue light is increased the curve would approxi 
Inate the blue curve and as the proportion of blue light is 
decreased the curve would approximate the red curve. 
Here and throughout this specification the terms red and 
blue are, of course, used to refer to the long and short 
wave length portions of the spectrum respectively, and not 
to the corresponding visual sensations. 

Thus, in carrying out my invention a xerographic plate 
comprising a layer of vitreous selenium is first charged to 
a potential of several hundred volts and is then exposed 
to light of a controlled spectral distribution. The means 
of controlling the spectral distribution will depend upon 
the nature of the orginal image being reproduced, and of 
the apparatus used. If the xerographic plate is exposed 
in a camera to an outdoor scene, the photographer has no 
control over the illumination of that scene, and the light 
reaching the xerographic plate must be controlled by 
using a suitable filter at the camera. If the xerographic 
plate is exposed in a camera to a scene or object illumi 
nated by artificial light then the spectral distribution of 
the light may be controlled either at the light source it 
self, or again by using filters at the camera. If the ex 
posure is made by projection as in a photographic en 
larger, then suitable filters may be used at the enlarger 
light source, at the enlarger lens, at the xerographic plate 
or at any other point in the optical system. Where arti 
ficial light sources are used it is possible to properly con 
trol the spectral distribution of the light without the use 
of filters where light sources of suitable color are used. 
Thus, the illumination could be provided by a combina 
tion of red and blue fluorescent lamps where the red lamps 
have substantially no output in the blue part of the spec 
trum and vice versa. 

FiG. 4 is a partially schematic representation of one 
form of apparatus suitable for carrying out the invention. 
It includes generally a photographic enlarger 10 posi 
tioned so as to project a light image onto a charged xero 
graphic plate 11. Plate 11 comprises a selenium layer 
12 on a support layer 13. Enlarger 10 includes a lamp 
house 14, a film gate 15 adapted to receive a film trans 
parency 16, bellows 17 and a lens 18. Within the lamp 
house 4 are diffusing disc 19 and incandescent lamps 20 
and 2i which are surrounded by filters 22 and 23 respec 
tively. One of these filters should be a red filter and the 
other a blue filter, preferably of low transmission. 
Wratten filters No. 25 and No. 49 are suitable. Lamp 20 
is connected to a toroidal auto transformer 24 by cable 
28 and lamp 21 is connected to a toroidal auto trans 
former 25 by cable 29. Each auto transformer has a con 
tacting slider 30 and 31 respectively which are ganged on 
a common insulating shaft 26. Knob 27 is provided on 
shaft 26 to turn the shaft and thereby control the appara 
tus. Both auto transformers are supplied with line volt 
age through a timer 32. The auto transformers are so 
connected to the lamps, as shown in the drawings, that 
when knob 27 is turned the voltage applied to one of the 
lamps is increased, while that applied to the other is si 
multaneously decreased. Thus, turning knob. 27 changes 
the ratio of red to blue light within the enlarger. When 
commercially available auto transformers are used there 
is a linear relation between the rotation of shaft 26 and 
the voltages applied to the lamps. Since there is a non 
linear relation between lamp voltage and light output it 
will generally be necessary to re-adjust timer 32 when 
ever knob 27 is re-adjusted in order to maintain an un 
varying exposure of xerographic plate 11. It is, how 
ever, possible to wind the auto transformers in a non 
linear fashion so as to produce a linear relation between 
the rotation of shaft 26 and the effective light outputs of 
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the lamps. Where this is done it is possible to adjust the 
transmission of filters 22 and 23 so that effective expo 
sure of xerographic plate 11 is substantially uneffected by 
operational knob. 27. Where such adjustments have been 
made, it is necessary only to set timer 32 to a fixed value 
corresponding to the film being projected, and the con 
trast of the xerographic image formed form such projec 
tion may be varied simply by turning knob. 27. 

Regardless of the means used for varying the spectral 
distribution of the light reaching the xerographic plate, 
the relative proportions of red and blue light are to be 
varied in accordance with the characteristics of the origi 
nal image or subject being reproduced. Thus, if the sub 
ject is of relatively low contrast, it may be desirable to 
expose substantially to blue light alone, or to white light 
or the like which contains insufficient red to appreciably 
affect the plate. If, on the other hand, the subject is un 
usually contrasty, then exposure should be made by red 
light with only a minimum addition of blue. The relative 
amounts of red and blue light to be used for any par 
ticular type of subject will depend somewhat on the na 
ture of the development process which is to be used sub 
Sequent to exposure and also on the characteristics of the 
particular xerographic plates being embodied. Thus, 
plates which have a relatively greater sensitivity to red 
light will require a lesser proportion of red light to 
obtain the desired results than would plates having a rela 
tively lesser response to red light. In all cases, however, 
where a substantial reduction in contrast is desired, the 
amount of red light used must greatly exceed the blue. 
What is claimed is: 
it. In the method of contrast control in making a re 

production from an original wherein a photosensitive 
ember is exposed to a pattern of light and shadow con 

forming to the original the color of which pattern is se-- 
lected in accordance with the desired contrast and where 
in the photosensitive member comprises an electrostati 
cally charged vitreous selenium layer 

(a) the improved method of extending the tonal ac 
ceptance range at least 50% in a positive to positive 
reproduction system which method comprises 

(b) utilizing a photosensitive layer characterized uni 
formly on its surface by a photoconductive response 
in the blue portion of the spectrum extending to 
about 5,600 angstroms and a distinct and separate 
red photoconductive response centered at about 7,000 
angstroms and 

(c) exposing the photoconductive member to a pattern 
of light and shadow conforming to the orginial con 
taining at least red light and at least some blue light 
in a Substantially lesser amount than said red light, 
said blue light being just sufficient relative to the 
amount of red light to permit substantially complete 
charge dissipation on the photosensitive member. 

2. In the method of contrast control in making a re 
production from an original wherein a photosensitive 
member is exposed to a pattern of light and shadow con 
forming to the original the color of which pattern is se 
lected in accordance with the desired contrast of the 
reproduction and wherein the photosensitive member 
comprises an electrostatically charged vitreous selenium 
layer 

(a) the improved method of extending the tonal ac 
ceptance range at least 50% in a positive to positive 
reproduction System which method comprises uti- 6 
lizing a photosensitive layer characterized uniformly 
on its surface by a photoconductive response in the 

6 
blue portion of the spectrum extending to about 
5,600 angstroms and a distinct and separate red pho 
foconductive response centered at about 7,000 ang 
stroms and 

5 (b) exposing the photosensitive member to a substan 
tially chromatically uniform pattern of light and 
shadow conforming to the original containing at least 
red light and at least some blue light in a substan 
tially lesser amount than said red light and said blue 
light being just sufficient relative to the amount of 
red light to permit substantially complete charge 
dissipation on the photosensitive member. 

3. In the method of contrast control in making a re 
production from an original wherein a photosensitive 

15 member is exposed to a pattern of light and shadow con 
forming to the original the color of which pattern in se 
lected in accordance with the desired contrast of the re 
production and wherein the photosensitive member com 
prises an electrostatically charged vitreous selenium layer 

(a) the improved method of extending the tonal ac 
ceptance range at least 50% in a positive reproduc 
tion system which method comprises utilizing a pho 
tosensitive layer characterized uniformly on its sur 
face by a photoconductive response in the blue por 
tion of the spectrum extending to about 5,600 ang 
stroms and a distinct and separate red photoconduc 
tive response centered at about 7,000 angstroms and 

(b) exposing the photosensitive member to a light and 
shadow conforming to the original pattern of a sub 

O 

20 

25 

30 stantially black and white subject said light and 
shadow pattern comprising at least red light and 
at least some blue light in a substantially lesser 
amount than said red light said blue light being just 
sufficient relative to the amount of red light to per 

35 mit Substantially complete charge dissipation of the 
photosensitive member in the light areas of said light 
and shadow pattern. 
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