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United States Patent Office 3,312,547 
Patented Apr. 4, 1967 

1. 

3,312,547 
XEROGRAPHEC PATE AND PROCESSES OF 

MAKENG AND USNG SAME 
Mortimer Levy, Rochester, N.Y., assignor to Xerox Cor 
poration, Rochester, N.Y., a corporation of New York 

Filed July 2, 1964, Ser. No. 380,012 
22 Claims. (C. 96-1.5) 

This application is a continuation-in-part of applica 
tions, Ser. Nos. 213,910; 213,925; and 213,926, filed on 
August 1, 1962, and now abandoned. 

This application relates to xerography and more par 
ticularly to an improved xerographic plate and method 
for its production. 

In the conventional form of xerography as first de 
scribed by Carlson in U.S. Patent 2,297,691, a uniform 
electrostatic charge is applied to a xerographic plate which 
is then exposed to an image pattern of light and shadow 
or other activating electromagnetic radiation which 
serves to dissipate the charge in exposed areas, and there 
by form an electrostatic latent image corresponding to 
the exposure pattern. This latent image is then made 
visible by the charge pattern-modulated deposition of 
electroscopic marking particles or toner thereon, and the 
resulting visible image pattern which corresponds to the 
original pattern of light exposure may then be viewed 
on the plate, transferred to another support such as a 
copy sheet, or otherwise utilized. Since the final image 
produced can be no better than the electrostatic image 
to which it corresponds, it is obvious that the xerographic 
plate itself is an important element in the process being 
a controlling factor in both image quality and light sen 
sitivity of the overall process. 
The xerographic plate in most widespread commercial 

use today employs a photoconductive insulating a layer of : 
the amorphous form of selenium which has a band gap 
of about 2.3 electron volts. This material is accordingly 
sensitive only to blue light and other electromagnetic 
radiation of shorter wavelengths because radiation of this 
wavelength or shorter is required to create free electrons 
and holes in the wide band gap material upon exposure 
to the light source. This relatively wide band gap of 
amorphous selenium does, however, have advantages in 
that it makes for a material of very high resistivity prior 
to exposure so that amorphous selenium Xerographic 
plates are capable of holding imparted charge for appreci 
able periods of time prior to exposure. This is, of course, 
a desirable property for xerographic plates since it al 
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lows for relatively wide separation in time between the 
charging and exposure steps of the process, and further 
because the plate need not necessarily be developed im 
mediately after exposure since unexposed background 
areas will hold their charge pattern for a relatively long 
period of time. In addition, xerographic plates of this 
type are durable, give high quality images and have other 
qualities which have earned them substantial commer 
cial success. Other wide band gap photoconductors such 
as sulphur, anthracene and other organic and inorganic 
materials are known and have been employed in the 
manufacture of xerographic plates although they have 
not achieved anywhere near the commercial success of 
plates employing the amorphous form of selenium. 
The limited spectral response of selenium and other 

wide band gap photoconductors is, however, a serious 
limitation in some applications, particularly those which 
involve exposure to outdoor scenes or to images illumi 
nated by incandescent lamps or other light sources which 
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alle relatively rich in red light as opposed to blue light. 
? prior attempt to overcome these limitations involves 
incorporating in the xerographic plate a thin layer of a 
relatively narrow band gap photoconductive material 
either between the selenium and the support upon which 
it is coated or on top of the selenium layer. In the first 
case, the Support member must be transparent in order to 
permit image illumination of the narrow band gap ma 
terials. Typical materials employed for this purpose in 
clude selenium-tellurium alloys crystalline selenium and 
various other photoconductive materials generally having 
band gaps ranging around 1.7 electron volts. Because of 
their narrow band gaps, these materials exhibit photo 
conductivity at much longer wave lengths than amorphous 
Selenium or similar wide band gap materials and the 
composite plate in which they are incorporated is made 
sensitive to longer wavelengths of light. Generally, it is 
not possible to completely replace the layer of amorphous 
Selenium or other wide band gap material with a narrow 
band gap photoconductor because the narrow band gap 
materials have a very high dark conductivity such that 
prior plates employing them were incapable of maintain 
ing an electrostatic charge for a long enough period to 
carry out the Xerographic processing cycle in a conven 
tional xerographic processing apparatus. Even the com 
posite structures exhibit high conductivity in the dark 
which is generally prohibitively great for at least one 
polarity of charging and generally undesirable. Further 
more, layered plates of this character exhibit a spectral 
response which is highly peaked at their long wave length 
limit of sensitivity and are much less sensitive to blue 
light than the conventional amorphous selenium xero 
graphic plates. 
This reduction in blue light sensitivity is believed to 

be due to a premature recombination of the charge car 
riers generated in the narrow band gap material. In 
the general case, materials having narrow band gaps are 
relatively good conductors as compared wtih wide band 
gap semiconductors and insulating materials, and ac 
cordingly, there is generally no electric field existing across 
them even when the plate as a whole is electrostatically 
charged because, as is well known in the art, a conductor 
will not support an electric field. The decrease in blue 
light sensitivity is thus explained by the fact that light 
from the blue end of the spectrum is absorbed strongly 
very close to the surface of the photoconductor upon 
which it impinges and although it does tend to create 
hole-electron pairs of charge carriers at this surface, the 
lack of a strong electric field through the layer because 
of its relatively conductive nature allows these photon 
generated hole-electron pairs of charge carriers to re 
combine as contrasted with hole-electron pairs created 
within wider band gap photoconductive material which 
tend to be separated by the applied electric field, existing 
in them. Once recombined of course, neither of the 
charge carriers can be injected into the adjacent wider 
band gap material so as to discharge the Xerographic 
plate in exposed areas. This surface recombination is 
thus seen to eliminate much of the photocurrent which 
would otherwise be expected from blue light illumina 
tion. At the wavelengths near the long wave length sen 
sitivity limit of the narrow band gap material light (such 
as red light) penetrates more deeply into the narrow band 
gap material, the electron hole-pairs are generated closer 
to the wide band gap material and a greater probability 
exists for appropriate charge carriers to enter the wide 
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band gap material and become effective in discharging 
the plate but this does not overcome the basic problem. 

Accordingly, it is an objective of the present invention 
to define, a novel Xerographic plate of increased and ex 
tended spectral sensitivity. 

It is a further object of this invention to define a novel 
composite xerographic plate with increased sensitivity at 
the red end of the visible spectrum without reduced blue 
sensitivity. 
A still further object of this invention is to define a 

novel process for the production of a xerographic plate 
having the improved capabilities described in the afore 
mentioned objectives. 
A yet additional object of this invention is to define a 

novel method of Xerographic imaging. 
The above and still further objects are achieved in ac 

cordance with the present invention generally speaking 
by employing a compositely structured xerographic plate 
making use of both a narrow and wide band gap photo 
conductive layer and using a sufficiently thin narrow band 
gap layer so that it will support the electric field applied 
to the plate allowing the field to separate all photon-gen 
erated pairs of charge carriers formed therein. Thus, 
they are caused to move in opposite directions by the 
field and cannot recombine, but instead are employed to 
effectively discharge the plate in exposed areas. Also 
involved in the invention are certain techniques for mak 
ing such xerographic plates employing magnesium oxide 
and certain silane mixtures as interface materials and 
further including certain specific methods of Xerographic 
processing. 
The novel features which are believed to be character 

istic of the present invention both as to its organization 
and method of operation together with further objects 
and advantages thereof will be better understood from 
the following description considered in connection with 
the accompanying drawings wherein: 
FIGURE 1 is a set of curves relating the spectral 

sensitivity of a conventional xerographic plate to a Xero 
graphic plate employing a magnesium oxide interface. 
FIGURE 2 is a set of curves showing the potential 

decay characteristics under illumination of conventional 
plates and plates employing a magnesium oxide inter 
face. 
FIGURE 3 is a set of curves showing the red sensitivity 

of a magnesium oxide interface plate as contrasted with 
the coating temperature at which the selenium photocon 
ductor was applied. 
FIGURE 4 is a pair of curves relating spectral sensi 

tivity of a conventional plate to one employing an organo 
silicone interface. 
FIGURES 5, 6, and 7 are each curves comparing the 

potential decay characteristics under illumination of con 
ventional plates and those employing organo-silicon in 
terfaces. 
As stated above, one of the basic concepts involved 

in the invention involves making a relatively narrow band 
gap photoconductive material in the form of an extremely 
thin layer and preventing the injection of electric charge 
carriers into the layer from adjacent materials. It has 
been found that by making this narrow band gap layer 
extremely thin, the rate at which charge carriers are ther 
mally generated within the layer at ordinarily encountered 
ambient temperatures can be kept sufficiently low so that 
the carriers are swept out of the layers as rapidly as they 
are formed and the entire plate is not significantly dis 
charged. To put it another way, the use of this very thin 
layer means that the volume of the narrow band gap 
material, included within the plate structure is so small 
that the thermally generated charge carriers which would 
ordinarily make a layer of material of this type significant 
ly more conductive than wider band gap materials are 
electrically insignificant. This thin layer should also be 
sandwiched between non-charge injecting materials such 
as wide band gap semiconductors or insulators so that 

O 

5 

20 

25 

30 

4) 

60 

70 

75 

4. 
externally generated charge carriers are prevented from 
entering the layer. If these conditions are met the thin 
layer of narrow band gap photoconductive material is 
kept free of charge carriers and behaves substantially like 
an insulating layer. As a result, an electric field is main 
tained across this layer when the plate as a whole is elec 
trostatically charged and any electron-hole pairs created 
by incident illumination are promptly separated and pre 
vented from recombining by the applied field. Since 
the photon-generated charge carrier pairs formed in the 
thin layer are separated in this way, they are effective 
along with any charge carrier pairs formed in the wider 
band gap photoconductive layer to discharge the plate. 
This results in a plate having a spectral response which 
is substantially uniform, panchromatic and which ex 
hibits a much higher speed when exposed to normal light 
SOLCS. 

In terms of prior art practice, a one micron layer of 
narrow band gap material would be considered very 
thin. However, in accordance with the present invention, 
this layer must be substantially thinner being less than 0.1 
micron and preferably on the order of 0.05 micron in 
thickness. To some extent, this thickness will depend on 
the exact band gap of the narrow band gap material be 
cause the narrower the band gap is, the higher the rate 
of thermal carrier generation and the thinner the layer 
should be. The lower limit on thickness is of course de 
termined by the requirement that the layer absorb a 
substantial fraction of an incident illumination. As stated 
above, charge carriers are prevented from entering the 
layer from external sources by sandwiching it between 
non-injecting materials. One of these standwiching mate 
rials will normally be the amorphous form of selenium 
or some other desirable wide band gap photoconductive 
material which comprises the bulk of the xerographic 
plate. If the narrow band gap material is applied on the 
surface of this wide band gap material contacting the op 
posite Surface of the narrow band gap material may be a 
solid insulator or simply air. If on the other hand, nar 
row band gap material is applied beneath the wide band 
gap selenium layer, then a solid layer of an insulating 
material is provided to separate the narrow band mate 
rial from the electrically conductive material which is 
employed as the mechanical support for the xerographic 
plate. This underlying insulating layer should, however, 
be of such a thickness as to allow for tunneling of charge 
through it upon exposure so that discharge of the plate 
to the underlying electrical conductor may take place 
upon exposure as explained in greater detail in U.S. Pat 
ent 2,901,348 to Dessauer. The wide band gap mate 
rial may consist of amorphous selenium, anthracene, Sul 
fur or any other suitable material, either organic or in 
organic, and may be either an N-type semiconductor or a 
P-type semiconductor. : That is to say, it may be a 
Semi-conductor which has a longer range for electrons or 
one which has a longer range for holes, although such 
plates may be found in certain instances to operate more 
effectively in the xerographic process when charged to 
one polarity or the other. The thickness of the wide 
band gap photoconductive material should be greater 
than 5 microns and may range as high as 200 microns 
and higher. These thicknesses are employed so that the 
overall Xerographic plate may be charged to useful po 
tentials without having to worry about dielectric break 
down of the plate. Conventional xerographic plates gen 
erally employ amorphous selenium layers on the order 
of 40 or 50 microns in thickness and have been found 
to be capable of sustaining charge potentials of 500 to 
700 volts repeatedly without breakdown prior to ex 
posure. Regardless of whether the wide band gap mate 
rial is N-type or P-type, the narrow band gap material 
may be either N-type or P-type because the range of the 
charge carriers in this extremely thin layer has no effect 
upon the operation of the plate. This is true because 
even if the narrow band gap material employed has 
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what is generally considered to be a very short range 
for either holes or electrons, the number of charge car 
riers which escape from this layer will on the average 
be very large, as the carriers will only have to travel 
a very short distance within the layer before they escape 
from it. The narrow band gap photoconductive mate 
rial may consist of a 40% by weight selenium tellurium 
alloy, the crystalline allotropic form of selenium or any 
other suitable photoconductive semiconductor having a 
band gap in the range of from about 1.6 to 1.8 electron 
volts and preferably about 1.7 electron volts. 

Accordingly, it is seen that an exemplary plate struc 
ture according to this invention consists of an electrically 
conductive supporting substrate layer covered with an in 
sulating barrier layer of the type disclosed in the Des 
Sauer patent supra. This may consist of aluminum oxide, 
polystyrene or some other insulating material and is 
coated with a layer of the narrow band gap photoconduc 
tive material having a thickness of less than 0.1 micron 
and finally with a layer of amorphous selenium having a 
thickness of about 50 microns. It has been found ac 
cording to the invention that the narrow band gap mate 
rial in addition to being formed of the materials de 
scribed above may also be fabricated from an ordered 
type of selenium whose exact allotropic form is at pres 
ent unknown. A layer of the required thickness of this 
unknown form of selenium may be formed in situ at the 
beginning of the deposition of the amorphous layer of 
Selenium by employing certain specific insulating mate 
rials as the barrier layer and holding them within a 
Specific range of temperatures during the evaporation of 
the selenium. These insulating barrier layers are mag 
nesium oxide and organo-silicon compounds formed from 
a mixture of an unsaturtaed silane and an aminoalkyl 
silane. For example, a xerographic plate may be fabri 
cated by depositing a thin, substantially uniform layer 
of magnesium oxide over an optically transparent, elec 
trically conductive supporting layer which may be of 
either a flexible or a rigid material such as glass coated 
with tin oxide, copper iodide, a thin transparent layer 
of gold or other materials known in the art. Such trans 
parent conductive tin oxide coatings are for example 
commercially known under the trade name of NESA 
glass. When a thin layer of magnesium oxide is coated 
on the transparent substrate, the desired thickness of 
amorphous selenium is coated on the substrate while the 
substrate is held at a temperature of from about 50 to 
about 60° C. Although the great bulk of the selenium 
layer is deposited in the amorphous form at the above 
described temperature, a very thin layer (about 0.05 
micron) of an unknown ordered form of selenium hav 
ing a band gap of about 1.75 is formed at the magnesium 
oxide-selenium interface. A magnesium oxide layer 
thickness of about 0.2 micron is suitable and has been 
found to produce good quality plates. The amorphous 
selenium layer may be applied by any one of the known 
techniques including, for example, vacuum evaporation. 
Xerographic plates made according to the above pro 
cedure are generally more sensitive to light and in par 
ticular have a sensitivity which extends much further 
toward the red end of the spectrum. FIGURE 1 is a 
set of curves showing the sensitivity versus wave length 
for above conventional plates, and plates made according 
to the present invention when exposed to light through 
the transparent support member, when the substrate was 
coated at a temperature of 59° C. Sensitivity is ex 
pressed in terms of quantum efficiency which is merely 
the probability of an incident photon striking the plate 
causing an electric charge carrier to traverse the selenium 
layer. In the absence of other effects such as multiplica 
tion effects, an ideal xerographic plate would exhibit 
a quantum efficiency of 100% indicating that each in 
cident photon was effective in electrically discharging the 
plate by one unit of determined charge. It can be seen 
from FIGURE 1 that plates according to this invention 
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6 
have their wavelength intensity extended more than 1000 
angstrom units toward the red and are also substantially 
more sensitive than conventional plates even at the blue 
end of the spectrum. It can also be seen that the plates 
according to this invention exhibit some differences in 
spectral sensitivity for positive polarity of charging as 
compared to negative polarity. The significance of this 
effect is not fully understood but is believed to be due 
to the formation of an electric dipole layer at the mag 
nesium oxide interface. It is apparent from FIGURE 1 
that xerographic plates according to the present invention 
are much more light sensitive than conventional plates 
not incorporating the magnesium oxide layer. Even un 
der daylight illumination, these improved plates are ap 
proximately 4 times more sensitive than conventional 
plates and this increase in sensitivity is much greater un 
der incandescent or other illumination rich in red light. 
Two other advantages are also found in plates accord 

ing to the present invention. The magnesium oxide 
layer apparent causes an increase in the point to point 
uniformity of the characteristics of the xerographic plates 
compared with plates incorporating other barrier layers 
thereby causing the plate to produce developed images 
which are relatively free from spots or other image de 
fects which can be traced to a non-uniformity of the 
plate. Plates according to the present invention have 
also been found to provide a greatly increased degree 
of exposure latitude so that an acceptable image can be 
formed over a wider range of exposure or with original 
subjects having a greater range of densities. This is ap 
parently due to an alteration of the shape as well as the 
slope of the curve relating plate potential to the amount 
of exposure received. The change in this relationship is 
set forth in FIGURE 2 which shows curves relating 
exposure versus plate potential remaining on the plate 
according to the present invention and for a typical con 
ventional selenium Xerographic plate. The change in 
the initial slope of the curves relating to the plate accord 
ing to the invention is quite apparent and confirms that 
the plate bearing the magnesium oxide layer is much 
more light sensitive than the other. It may also be ob 
served that the shape of the curves is different. This 
altered curvature of the decay characteristics permits 
good images to be reproduced with plates according to 
the invention over a substantially wider range of exposure 
times or subject densities than is possible with conven 
tional plates. 
As previously mentioned, the temperature of the sup 

port member must be held within the range of from 
about 50 to about 60° C. during coating of the amor 
phous selenium layer so as to produce the desired thin 
narrow band gap ordered layer of selenium at the mag 
nesium oxide-selenium interface. As shown in the curves 
of FIGURE 3, which relates the coating temperature in 
degrees centigrade to the red sensitivity of the plate, 
if the coating is carried out at temperatures much below 
50° C., virtually no improvement in red sensitivity is 
achieved as compared with a conventional xerographic 
plate and although the curves show increasing red sensi 
tivity even as the coating temperature goes above 60° C. 
it has been found that if this latter temperature is ex 
ceeded by very many degrees, a very drastic increase in 
the dark conductivity of the plate occurs (apparently be 
cause the thickness of the narrow band gap material 
formed increases at this temperature). As can be seen 
by the curves, an even more preferred range of tempera 
tures for coating the magnesium oxide substrate con 
stitutes a range of from about 54 C. to about 60° C. 
because a very marked increase in red sensitivity takes 
place within this range without producing any marked 
increase in the dark conductivity of the plate. 
The reason for this somewhat critical temperature 

range during selenium deposition is not fully known. 
X-ray diffraction tests made on plates formed at coating 
temperatures of from about 57-60° C. show a peak at a 
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diffraction angle of 29.7 whereas tests made on plates 
evaporated at temperatures below 50° C. show no such 
peaks. Furthermore, crystallinity does not normally ap 
pear in selenium layers at temperatures as low as the 50 
60° C. range when ordinary metallic or glass substrates 
are used. 

In another embodiment of this invention involving a 
similar if not the same type of formation of the unknown 
ordered form of selenium at the selenium-barrier layer 
interface, an electrically conductive optically transparent 
substrate such as the NESA glass i substrate described 
above in connection with the magnesium oxide embodi 
ment of the invention is employed. Lying over the trans 
parent substrate and constituting a distinguishing fea 
ture of the instant embodiment, there is a thin sub 
stantially uniform layer of an organo-silicon material 
which is made by coating (under polymerization condi 
tions), the substrate with a mixture of an unsaturated 
silane having the general formu?a R-Si(OR)3 and an 
aminoalkylsilane having the general formula 

where R is selected from the group consisting of alkyl 
groups containing from 1 to 10 carbon atoms and aryl 
groups; where R1 is an unsaturated aliphatic chain; where 
Ra is an aminoalkyl group containing from 3 to 10 carbon 
atoms; where R3 is an alkyl group containing from 1 to 
4 carbon atoms and where n is an integer selected from 
2 and 3. In its preferred form the composition is coated 
on the substrate as by dipping in a free flowing solution 
of the stated components in a solvent therefor. R1 in the 
saturated silane may be either a straight chain or a cyclic 
chain so long as it contains at least one ethylenic linkage. 
The chain will generally contain from about 2 to about 
10 carbon atoms and may, for example, consist of a 
vinyl group, a cyclohexenyl group, a bicycloheptenyl 
group, a butenyl group, a cyclopentadienyl group, an ally 
group or the like, but will preferably be a vinyl group. 
The R group in the unsaturated chain will either be an 
alkyl group generally containing from 1 to 10 carbon 
atoms as methyl, ethyl, propyl, butyl, octyl, etc., or an 
aryl group; however, in the preferred form, it will gen 
erally consist of a lower alkyl group. Accordingly, un 

.. saturated silanes such as vinyl trimethoxy silane and vinyl 
triethoxy silane have been found to be particularly ad 
VantageOLS. 

Referring now to the amino alkyl silane component of 
the mixture, the R group may be the same as that defined 
above in connection with the unsaturated silane. The R2 
group will be an amino alkyl group generally containing 
from 3 to 10 carbon atoms including for example, amino 
ethyl, aminopropyl, aminobutyl, aminooctyl and the like. 
The compound may contain either two or three alkoxy 
groups and when three are included, no R3 group is in 
cluded in the compound. However, with two alkoxy 
groups an R will be included and may consist of a lower 
alkyl group. Of the aminoalkyl silanes, those contain 
ing three alkoxy groups are preferred and gamma amino 
propyl-triethoxy silane has been found to be particularly 
advantageous. However, dialkoxy compounds may also 
be used where a more plastic or flexible end product film 
is desired. The relative proportion of unsaturated silane 
to aminoalkyl silane included in the mixture may vary 
somewhat from about nine parts by weight of aminoalkyl 
silane to about 1 part of unsaturated silane to about 1. 
part of the former per nine parts of the latter by weight. 
The aminoalkyl group has been found to produce ex 
tremely good adhesion of the material to metallic sub 
strates such as aluminum, stainless steel, copper, alumi 
num alloys, brass and similar metals. The mixture of 
silanes is coated on the NESA glass substrate from solu 
tion in any solvent for the components which is also 
miscible with water such as alcohols, glycols, ketones, 
glycol ethers, and the like. The pH of the solution is 
adjusted to the desired point with a suitable acid such as 
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8 
concentrated hydrochloric acid. Preferably, this pH will 
be adjusted to below 8.5 and in certain instances it may 
be desirable to adjust the pH to as low as 1. In applying 
the present composition it may be sprayed on, dipped on, 
brushed on, wiped on or applied by any other suitable 
technique and allowed to dry. A complete cure of the 
coating may be obtained at room temperatures after about 
20 hours and may be hastened by the application of 
elevated temperatures. Although the exact reaction which 
takes place in the mixture when it is coated on the sup 
porting substrate is not known with certainty, it is be 
lieved that the alkoxy groups are hydrolyzed to hydroxy 
groups in the solution, followed co-condensation of these 
hydroxy groups from adjacent molecules to produce a 
cross linked siloxane polymer with the elimination of 
water. The extent of cross linking is, of course, controlled 
by the functionality of the particular monomeric molecules 
employed. Polymerization is also believed to take place 
(by addition) by opening of the ethylenic linkage in the 
unsaturated silane to a greater and greater extent as the 
pH of the solution is decreased, thus forming a straight 
chain linkage in addition to the cross linked structure 
described above. 
Once the organo-silicon layer is coated and dried and 

the transparent electrical substrate to a thickness on the 
order of about 1 or 2 microns a layer of pure amorphous 
Selenium is deposited thereon as by vacuum evaporation 
or other conventional selenium coating techniques adapted 
to produce a smooth surface film of amorphous selenium. 
As in the case of the magnesium oxide embodiment de 
scribed above, the selenium layer may vary from about 5 
to hundreds of microns in thickness. This coating opera 
tion is carried out while the organo-silicon coated con 
ductive substrate is held at a temperature in the range 
of from about 57° C. to about 67° C. and preferably at 
about 59 C. When the vitreous selenium layer is coated 
on the organo-silicon covered substrate, while it is held 
in the temperature range of 57-67° C., a plate is pro 
duced which is generally more light sensitive and in par 
ticular has a sensitivity extending much further into the 
red end of the visible spectrum. FIGURE 1 is a set of 
curves which show the sensitivity versus wavelength of 
impinging light for both a conventional selenium Xero 
graphic plate and one made with an organosilicon layer 
at the specified temperature with both plates exposed 
through their transparent support members. Here again, 
sensitivity is expressed in terms of quantum efficiency. 
Again, it can be seen that plates made according to this 
technique have their sensitivity extended more than 1,000 
Angstroms into the red and are substantially more sensi 
tive than conventional plates even at the blue end of the 
spectrum. It can also be seen that plates according to 
the present invention exhibit a sensitivity increase under 
blue light exposure for a positive polarity of charging as 
compared to negative polarity which effect is not under 
stood at the present time. 

In Table I there are set forth some of the properties of 
two different xerographic plates designated A and B. 

TAB?LE I 

Lig???Decay at 
Plate Structure Vo || D% 

400 v.| 250?? 

Positive Charg 
ing: 

18 20 2 510 --------- Se? NESA 50 --????? - - - - - - A 
50 Se?silicone/NESA- 490 6 88 80 

B------------- 50 Se? NESA ----------| 590 7 22 19 
50 Se/silicone? NESA - - || 580 17 - - - - - - - 76 

Negative Charg 
ing: 

A------------- 50 Se? NESA ----------- 430 2 23 20 
50 Se?siliconefNESA 420 14------- 73 

B------------- 50 SeNESA-------- 420 5 24 21 
50 Se?silicone? NESA - - || 530 13 53 46 
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One half of each plate incorporated the organo-silicon 
interlayer of the present embodiment of the invention 
while the other half did not. The selenium was applied 
to both halves in a single evaporation at a substrate tem 
perature of about 59 C. The term V indicates the initial 
electric potential to which the plate was charged in a 
conventional xerographic charging apparatus which was 
not readjusted during the testing. As can be seen, the 
initial potential did not greatly vary between the various 
plates. D/2 indicates the percentage of the initial elec 
trostatic charge which was lost after one-half minute in 
darkness. It is accordingly a measure of the dark con 
ductivity of the plates. The light decay rate indicates the 
rate in volts per second at which the potential on the given 
plate decayed at a given voltage level and under exposure 
to a standard light source having a spectral distribution 
resembling sun light. It can be seen from Table I that 
the plate areas incorporating an organo-silicon layer had 
somewhat greater dark decay rates which were still, how 
ever, within the acceptable limits for ordinary xerographic 
processing apparatus. It was also apparent from a com 
parison of the light decay rates that the plate areas con 
taining the organo-silicon layer were very much more 
sensitive to light than those which did not contain it. This 
increase in sensitivity was found for both positive and 
negative polarities of charging but is more pronounced 
for positive charging. Actual imaging experiments made 
on plates containing the organo-silicon interface confirmed 
that under daylight exposure conditions, these plates are at 
least four times more sensitive than conventional plates 
and have even a higher advantage in sensitivity under in 
candescent illumination. The organo-silicon interface 
plates also were found to have improved point to point 
uniformity of electrical characteristics thereby producing 
developed images relatively free from spots, graining and 
some other image defects which can be traced to non 
uniformities in xerographic plates. In addition, the plates 
were found to provide a greatly increased degree of ex 
posure latitude whereby acceptable images can be formed 
over a wider range of exposure and with original subjects 
having a greater range of density. This is due to an altera 
tion of the shape as well as the slope of the curve relating 
plate potential to the amount of exposure received. This 
change in relationship is set forth in FIGURES5, 6, and 7 
comparing conventional plates with those according to the 
invention. FIGURE 5 shows the curve relating exposure 
in metercandle seconds versus plate potential for an initial 
plate potential of 610 volts. The change in initial slope 
of the curves is quite apparent and confirms that the plate 
bearing the organosilicon layers is much more light sensi 
tive than the conventional plate throughout most of the 
decay stage. More important with relation to latitude, it 
may be observed that the shape of the curves is different. 
This is more apparent in FIGURE 6 wherein the identical 
data of FIGURE 5 are plotted except that exposures are 
plotted against the square root of plate potential rather 
than plate potential itself. This type of plot normally 
yields a straight line for conventional plate and the illus 
trated conventional plate exhibits such a curve. The plate 
made according to the instant embodiment of the inven 
tion shows a definite curvature particularly at the lower 
voltages. FIGURE 7 is similar to FIGURE 5 except 
that the initial potential taken is 250 volts and the dif 
ference in shape of the decay curves between the conven 
tional plate and that of the instant embodiment is even 
more apparent. This additional curvature of the decay 
characteristics permits good images to be reproduced with 
plates according to this embodiment over a very substan 
tially wider range of exposure time and subject densities 
than is possible with conventional plates. 
As previously mentioned, temperatures of the support 

member during deposition of the selenium photoconduc 
tive insulating layer is important. The nature of the 
results produced with different temperatures is set forth 
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in Table II which shows the variation of dark decay and 
red sensitivity with various deposition temperatures. 

TABLE III 

Substrate Charge ?% Red 
Temperature Polarity Sensitivity 

52 C----------- -- 10 O 
- 5 O 

57-58 C-------- -H 7 7 
- 4. 3. 

59 C----------- ? 6 33 
--- 6 18 

60-62 C-------- -- 29 72 
-- 9 50 

85 23 -? -----------?67°C 
- 78 ------------------ 

The dark decay is defined as discussed in connection with 
Table I. The figure for red sensitivity indicates the ex 
tent to which the spectral response is improved over that 
of a standard amorphous selenium, xerographic plate of 
conventional construction. It can be seen that spectral 
response begins to improve significantly at a substrate tem 
perature of about 57 C. and continues improving through 
substrate temperatures to 67 C. However, as this upper 
temperature is reached, the dark decay rate begins to 
approach a point where it is unacceptable for some uses 
involving long xerographic processing times. Accordingly, 
it is preferable that the subsstrate be held within this tem 
perature range during evaporation of the selenium and if 
it is contemplated that the plate will be employed in a 
relatively long Xerographic processing cycle such as would 
be involved in a manual processing apparatus substrate 
temperature will preferably be held in the range of from 
about 59 C. to about 62° C. during coating. 
The reason for this importance in temperature range 

during selenium deposition is not fully understood, but is 
believed to be related to the formation of a very thin 
layer of an ordered form of selenium at the organo 
silicon-selenium interface. 
The present invention will be more clearly understood 

from a consideration of the following specific preferred 
examples which are given for the purpose of illustration 
only and are not intended to limit the scope of the inven 
tion in any Way. 

Examples I-IV 
Four glass plates, each coated with a thin optically trans 

parent layer of tin oxide, hereinafter referred to as NESA 
glass plates, are coated with a thin magnesium oxide coat 
ing of approximately 0.2 micron by dipping each plate in 
a /2% solution of magnesium methylate dissolved in 
high purity methanol, allowing the plate to dry and heat 
ing it to a temperature of about 60° C. Fifty microns 
of amorphous selenium are vacuum evaporated on the 
magnesium oxide coated Surface of each of the glass plates, 
while one of the plates is held at each of the following 
temperatures: 50° C., 53% . C., 56.5° C. and 60° C. 
Each of these plates is then tested for its xerographic imag 
ing properties with the results shown in FIGURE 3. In 
each instance the plate has a substantially uniform spectral 
response extending beyond 6500 angstrom units and hav 
ing the magnitude show in the curves of the figure, rang 
ing from less than 5% with a plate coated at the lowest 
temperature to about 30% for the plate coated at 60° C. 

Examples V and VI 
Two NESA glass plates are coated with a solution pre 

pared from 8 parts of gamma aminopropyl triethoxy 
silane, 4 parts of vinyl triethoxy silane, 78 parts of meth 
anol, 9.25 parts of water and 0.75 part of concentrated 
hydrochloric acid to give a pH of 8.2 so as to give a thin 
layer of a co-polymer of the two silanes upon overnight 
curing. On each of these copolymer layers there is coated 
respectively a 0.05 micron thick layer of a 40% by weight 
selenium-tellurium alloy and a 0.20 micron thick layer of 
the same alloy. Each plate is then coated with a 50 
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micron thick layer of amorphous selenium at the same 
coating temperature and upon testing it is found that 
the plate made with the thinner layer of selenium-telluri 
um alloy has a substantially uniform spectral response 
extending beyond 65 angstrom units, and in addition, has 
a low rate of dark decay when charged to either positive 
or negative polarity. The plate fabricated with the thicker 
alloy layer is found to have a substantially higher rate 
of dark decay and a much more non-uniform spectral re 
sponse with a high peak at the red end of the spectrum. 

Examples VII-XI 
Five xerographic plates are fabricated according to the 

technique of Examples V and VI except that the selenium 
tellurium alloy layer is omitted and the selenium layer is 
coated on the substrate at one of the following tempera 
tures for each one of the plates. The temperatures are 
52. C., 57.5 C, 59 C., 61° C. and 67° C. These plates 
are then tested with the results shown above in Table II. 
In each case the organo-silicon layer is cured overnight 
prior to the selenium coating step. 
The following four examples will produce quality plates 

which are functional equivalents of those in Examples 
VII-XI. Overnight curing of the organo-silicon is em 
ployed in all following examples prior to selenium coating. 

Example XII 
A xerographic plate is prepared according to the tech 

nique of Examples VII-XI except that the organo-silicon 
solution is prepared from eight parts of delta aminobutyl 
methoxydiethoxy silane, four parts of vinyltriethoxysilane, 
seventy-eight parts of methanol and ten parts of 7.5% hy 
drochloric acid and a selenium coating temperature of 
59 C. 

Example XIII 
The process of Examples XII-XI is repeated at a seleni 

um coating temperature of 59° C. except that the propor 
tions of the organo-silicon coating solution are changed 
to four parts of gamma aminopropyltriethoxy silane to 
four parts of vinyltriethoxy silane. 

Example XIV 
The process of Examples VII-XI is repeated employing 

a selenium coating temperature of 59 C. but substituting 
the following silane solution for that of Examples VII 
to XI. The solution consists of four parts by weight of 
alpha chlorovinyltriethoxy silane, eight parts by weight of 
gamma aminopropyltriethoxy silane, ten parts by weight 
of water and seventy-eight parts by weight of methanol. 
The solution has a pH of about 1. 

Example XV 
A plate is fabricated according to the procedure of Ex 

ample VII-XI with selenium deposition at a substrate tem 
perature of 59 C. except that the silane coating solution 
consists of six parts by weight of aminoethyltriethoxy 
silane, four parts by weight of vinyltrimethoxy silane, 
seventy-eight parts of methanol and nine parts of water, 
the pH being adjusted to 4 with concentrated hydrochloric 

· acid. 
The invention having been described generally in detail 

and illustrated specifically in the foregoing examples, it 
should be understood that this material is only illustrative 
of the invention and that other and different structures 
and techniques coming within the broad concept of the in 
vention can be made by those skilled in the art. 
What is claimed is: 
1. A xerographic plate member comprising a relatively 

thick substantially uniform layer of a wide band gap semi 
conducting material having good electrical resistivity in 
darkness and capable of conducting charge carriers in 
jected therein, a substantially uniform layer of narrow 
band gap photoconductive material with a thickness of 
less than about 0.1 micron in electrical contact with a 
surface of said wide band gap material, and an insulat 
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ing material in electrical contact with the surface of 
said narrow band layer opposite to the surface of said 
layer in electrical contact with said wide band material, 
and a supporting conductive substrate in electrical con 
tact with said insulating material opposite to the surface 
of said narrow band gap material with said narrow gap 
material, sufficiently thin to maintain the field thereacross 
when the plate member is subjected to an electrostatic 
charge and said plate member being characterized as 
capable of dissipating charge in areas exposed to light 
to form a xerographically developable electrostatic charge 
pattern. 

2. A xerographic plate member according to claim 1 
in which said narrow band gap photoconductive material 
has a thickness of about 0.05 micron. 

3. A xerographic plate according to claim 1 in which 
said wide band gap semiconducting material has a band 
gap of about 2.3 electron volts and further in which said 
narrow band gap photoconductive material has a band 
gap of about 1.7 electron volts. 

4. A xerographic plate according to claim 1 in which 
said wide band gap semiconducting material has a band 
gap of about 2.3 electron volts and said photoconduc 
tive material has a band gap of about 1.7 electron volts 
and a thickness of about 0.05 micron. 

5. A xerographic plate comprising a layer of a narrow 
band gap photoconductive material with a thickness of 
less than about 0.1 micron in contact with a relatively 
thick layer of amorphous selenium and an electrically in 
sulating material in contact with said layer of narrow 
band gap material on a surface thereof which is not in 
contact with said selenium layer, with a supporting con 
ductive substrate in electrical contact with said insulating 
material opposite to the surface of said narrow band gap 
material. 

6. A xerographic plate according to claim 5 in which 
Said narrow band gap photoconductive material has a 
thickness of about 0.05 micron and a band gap of about 
1.7 electron volts. 

7. A Xerographic plate comprising an electrically con 
ductive, optically transparent substrate, a thin layer of 
an electrically insulating, optically transparent barrier ma 
terial on said substrate, a layer of less than about 0.1 
micron in thickness of a photoconductive material hav 
ing a band gap of about 1.7 electron volts on said insu 
lating barrier material and a relatively thicker layer of 
amorphous selenium on said photoconductive material. 

S. A xerographic plate according to claim 7 in which 
Said photoconductive material having a band gap of about 
1.7 electron volts is a selenium-tellurium alloy. 

9. An improved Xerographic plate comprising a trans 
parent electrically conductive support member, a thin 
layer of magnesium oxide overlaying said support mem 
ber, a layer less than about 0.1 micron in thickness of 
a narrow band gap photoconductive material overlaying 
Said magnesium oxide layer, and a layer of vitreous 
Selenium overlaying said narrow band gap photoconduc 
tive material. 

10. A Xerographic plate according to claim 9 in which 
Said magnesium oxide layer is about 0.2 micron in thick 

SS, 

11. The method of preparing a xerographic plate with 
improved characteristics comprising coating a thin, opti 
cally transparent layer of magnesium oxide on an opti 
cally transparent electrically conductive support member 
and then coating a layer of vitreous selenium on said 
magnesium oxide layer surface while maintaining said 
Support and said magnesium oxide layer at a tempera 
ture of from about 50 to about 60° C., whereby a thin 
layer of photoconductive material having a narrow band 
gap is formed at the interface the magnesium oxide and 
vitreous selenium, said thin layer of narrow band gap 
material being in a thickness up to about 0.1 micron. 

12. The method of claim 11 wherein the temperature 
range is from about 54 to 60° C. 



3,312,547 
13 

13. A method according to claim 11 in which said 
magnesium oxide layer is applied to said electrically 
conductive support by first coating a solution of mag 
nesium methylate on said support and then drying it 
and further in which said layer of vitreous selenium is 
applied to said magnesium oxide by vacuum evaporation. 

14. The method of preparing a xerographic plate with 
improved surface uniformity exposure latitude sensitivity 
and spectral response comprising depositing on an opti 
cally transparent electrically conductive substrate, a thin 
layer of a resin formed by reacting a mixture of between 
one and about nine parts inclusive by weight of an un 
Saturated silane with between about one and about nine 
parts inclusive by weight of aminoalkyl silane under 
polymerization conditions, said unsaturated silane having 
the general formula Ri-Si(OR), said aminoalkylsilane 
having the general formula R-Si(R3)3(OR), where 
R is selected from the group consisting of alkyl groups 
and aryl groups containing from one to ten carbon atoms; 
where R1 is an unsaturated aliphatic chain; where R2 
is an aminoalkyl group containing from three to ten 
carbon atoms; where R3 is an alkyl group containing from 
1 to 4 carbon atoms and where n is an integer selected 
from 2 and 3, and then coating a layer of selenium on 
said substrate while holding at a temperature within the 
range of from about 57 C. to about about 67° C. 

15. The method of claim 14 wherein the temperature 
range is from about 59 to 62 C, 

16. The method of preparing a xerographic plate with 
improved surface uniformity exposure latitude sensitivity 
and spectral response comprising depositing a thin layer 
of a resin prepared by reacting from about one to about 
nine parts by weight of aminopropyltriethoxysilane with 
from about one to about nine parts by weight of vinyl tri 
ethoxy silane under polymerization conditions on an opti 
cally transparent, electrically conductive substrate and 
then coating a layer of selenium on said substrate while 
holding it at a temperature in the range of from about 
57 C, to about 67° C. 

17. A Xerographic plate comprising an optically trans 
parent, electrically conductive substrate overcoated with 
a resin made by reacting from about one to about nine 
parts by weight inclusive of an unsaturated silane hav 
ing the general formula R—Si(OR)3 and between about 
one and about nine parts inclusive by weight of an amino 
alkyl silane having the general formula 

R2-Si(Rs) a- (OR) 
where R is selected from the group consisting of alkyl 
groups and aryl groups containing from one to ten carbon 
atoms; where R1 is an unsaturated aliphatic chain; where 
R2 is an aminoalkyl group containing from three to ten 
carbon atoms; where R3 is an alkyl group containing from 
one to four carbon atoms and where n is an integer se 
lected from 2 and 3 under polymerization conditions, 
said resin coating being thin enough to be optically trans 
parent, a layer of less than about 0.1 micron in thick 
ness of a narrow band gap photoconductive material over 
laying said resin coating, and a layer of vitreous selenium 
overlaying said narrow band gap material. 

18. A xerographic plate comprising an optically trans 
parent, electrically conductive substrate overcoated with 
a thin optically transparent layer of a resin prepared by 
reacting from about one to about nine parts by weight 
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of aminopropyl triethoxysilane and from about one to 
about nine parts by weight of vinyl triethoxysilane under 
polymerization conditions, a layer of less than about 0.1 
micron in thickness of a narrow band gap photoconduc 
tive material overlaying said resin coating, and a layer 
of vitreous selenium overlaying said narrow band gap 
material. 

19. A xerographic plate comprising an optically trans 
parent, electrically conductive substrate overcoated with 
a thin optically transparent layer of a resin prepared by 
reacting from about one to about nine parts by weight 
of aminobutylmethyldiethoxy silane and from about one 
to about nine parts by weight of vinyl triethoxy silane 
under polymerization conditions, a layer of less than 
about 0.1 micron in thickness of a narrow band gap pho 
toconductive material overlaying said resin coating, and 
a layer of vitreous selenium overlaying said narrow band 
gap material. 

20. A xerographic plate comprising an optically trans 
parent, electrically conductive substrate overcoated with 
a thin optically transparent layer of a resin prepared by 
reacting from about one to about nine parts by weight of 
chlorovinyl triethoxysilane and from about one to about 
nine parts by weight of aminopropyltriethoxysilane under 
polymerization conditions, a layer of less than about 0.1 
micron in thickness of a narrow band gap photoconduc 
tive material overlaying said resin coating, and a layer 
of vitreous selenium overlaying said narrow band gap 
material. 

21. A Xerographic plate comprising an optically trans 
parent, electrically conductive substrate overcoated with 
a thin optically transparent layer of a resin prepared by 
reacting from about one to about nine parts by weight 
of aminotriethoxysilane and from about one to about 
nine parts by weight of vinyltrimethoxysilane under 
polymerization conditions, a layer of less than about 0.1 
micron in thickness of a narrow band gap photocon 
ductive material overlaying said resin coating, and a 
layer of vitreous selenium overlaying said narrow band 
gap material. 

22. A method of forming a latent electrostatic image 
compr1Sing: 

(a) charging the selenium surface of a xerographic 
plate constructed according to claim 9 and 

(b) exposing said surface to a pattern of electro 
magnetic radiation corresponding to the image to be 
reproduced with said radiation having a wavelength 
between about 3500 and 7000 angstrom units. 
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