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‘ This-invention relates in general to xerography and in

particularly to a new photoconductive member for xerog-
raphy. . ; :

In Carlson Patent U. S. 2,297,691, there is disclosed
a-new process of electrophotography which has since be-

.‘cone known under the name xerography. According to

this process a sensitive member comprising a photocon-

*ductive .insulating coating -on a conductive backing mem-

ber is sensitized by deposition of an electrostatic charge on
the: photoconductive insulating layer., The thus sensitized
member is: then utilized in an electrical photographic proc-

' ess by exposing the member to an optical image, there-

by causing selective dissipation of the charge where. the
light portions of the optical image  strike the plate, fol-
lowed by developing of the residual electrostatic image
by treatment with an electroscopic material. The present
invention has as its scope and purpose the provision of a
new sensitive member particularly suited for and adapted
to xerography. ; :

Now, in accordance with the present invention, there
is provided a new xerographic sensitive member compris-
ing a conductive backing: member having a dual photo-
conductive insulating layer.on at least one surface there-
of, the dual layer comprising a carrier layer having on its
upper surface a thin photoconductive layer which is a
selenium-containing layer. According to one .embodi-
ment of the invention, the new xerographic sensitive
member comprises a conductive backing material such
as, for example, a metal or the like having on its surface
a photoconductive layer comprising a carrier layer of
vitreous selenium or other material having a thin layer

thereon of a mixture of selenium and tellurium, In con- )

trast to comparable selenium members, this new sensitive
member is characterized by an increased semsitivity to
light as evidenced by a greatly increased conductivity. up-
on jllumination, and as evidericed by a change in spectral
sensitivity specifically characterized by a ‘substantially in-
creased red sensitivity. : g

The new xerographic member comprises a base material
such as a base plate or other backing member of an elec-
trically conductive material such as a metal or the like.
On at least one surface of this member is a carrier layer
having a thin layer thereover in the form of a second,
photoconductive layer. ‘

The backing member is selected according to conven-
tional requirements for the xerographic art and generally
comprises 'a metallic” plate, cylinder sheet, web or the
like, or other backing material having structural char-
acteristics and being. electrically conductive either by its
inherent. nature or by having an electrically conductive
material dispersed throughout its volume or coated there-
over. ~ Sunitably this backing :member may. be a métallic
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of the-invention, the backing member consists of an
aluminum plate or cylinder having'a thin coating there-
over of an aluminum oxide layer. :

Coated on at least one surface of the base member is
the carrier layer comprising, for example, selenium in ‘its
vitreous form, sulfur, anthracene; or other insulator-like
material characterized by “having long ranges for posi-
tive hole: conduction. : : :

Disposed on the upper surface of the carrier layer is a
thin photoconductive layer comprising a ‘thin layer . of
mixed selenium and tellurjum in vitreous form. The top
layer comprises generally a layer having a thickness usual-
ly in the order of about 2 to 10 -microns of selenium and
tellurium in which the tellurium content is in the order of.
about 2 to 45% by -weight and preferably between about

5 and about 28%. It will be understood generally. that.
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meimber ‘$uch as a member -of ‘aluminum, brass, mag-

nesium,. iron, steel, chromium or the. like, or may be of
other electrically conductive material such as electrically
conductive glass, metallized paper or plastic, or thé like,
or electrically conductive résins, plastics” or like. mate-
‘tidls.  According to a presently preferred embodiment

70

thinner layers of selenium-tellurium mixture will be em-
ployed with higher concentrations of selenium.

The combined xerographic member according to the
present invention is particularly .adapted to operation in
xerography wherein the member is sénsitized by deposi-
tion “thereon of a positive polarity electrostatic charge
which is subsequently to beselectively dissipated by ex-
posure to an optical image. Under these conditions, the
selenium-tellurium : layer operates as’a photoconductive
layer which produces positive holes on :exposure ' to
illumination, which positive holes are ‘transmitted through
the carrier layer and are neutralized by electrons at the
conductive backing surface. :

The new sensitive member is hereinafter described in
connection with the combination of the selenium-tellurium
photoconductive layer disposed over:a vitreous selenium
carrier layer, although it is to be understood that other
carrier layers within the scope heréinbefore set forth
may be substituted for the seleninm: layer. '

. It has been previously proposed. that the xerographic
sensitive. members . may comprise a conductive backing
support having thereon a photoconductive layer of the
vitreous form of selenium.-. Such a xerographic plate is
characterized by many desirable properties, such as, gen-
erally, relatively low dark-decay rate, relatively low- re-
sidual potentials, ‘and comparatively complete - absence
of what is known as: fatigue. = This means, respectively,
that: (1) such prior members are ‘capable of accepting
and retaining an electrostatic charge on their surface

_ without substantial dissipation in the absence of illumina-

tion, (2) ‘in the: presence of -illumination, .the potential
difference across the xerographic plate will diminish to a
low value, and (3) such prior members are characterized
by comparatively good -retention of these properities
throughout successive cycles of the xerographic procéss.
A theory propounded to explain these and other properties
of xerographic plates is. that vitreous selenium in 'the
absence of light has a very low density of free current
carriers, and that carriers such as positive holes freed
by the action of light: are able .to migrate substantially
through the vitreous selenium layer without being trapped.
It is, therefore, apparent that a vitreous selenium layer
is ideally characterized by operating ‘as ‘a ‘good trans-
porter of positive holes. 'In contradistinction to a vitre-
ous selenium- layer, it is presently understood that a layer
comprising 2 mixture of seleniuvin and tellurium is char-
acterized by shorter free paths for positive holes and is
characterized by a greater density of free current carriers
in"the absence of light. The photoconductive tharactey-
istics of mixtures of selenivm and tellurium, however, are
much superior to those of vitreous selenium. In . par-
ticular, mixtures of selenium and tellurium respond photo-
conductively to all visible radiations, whereas vitreous
selenium responds only to blue and green radiations-of the
visible spectrum. Moreover, the sensitivity to blue and
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green light is greater with mixtures of selenium and tel-
lurium than with vitreous selenium,

According to the present invention, the beneficial prop-
erties of the vitreous selenium Iayer as a material with
a small density. of free carriers’in the absence ‘of light
and :as a material which is a good transporter of photén-
liberated positive holes are utilized in combination with
the excellent photo-conductive properties of a selenium-
tellurium mixture to yield ithe improved xelographrc
member,

According to one method of preparatlon, an alaminum
plate is placed under high vacuum in the order of less
than about 1 micron of mercury pressure and a layer of
vitreous selenium is evaporated thereon while maintain-
ing the aluminum plate at a temperature between about
60° :and about 90° 'C., and preferably in the order of
about 75° .C. .The deposrtlon of the selenium layer is
halted when the layer has reached the desired thickness
such :as, for example, in the order of about 10 to 200
microns. A second Jayer then is evaporated onto ‘the
surface from an evaporation source consisting of a mixture
of selenium and tellurium contammg tellurium in sub-
stantially “the percentage desired:in the photoconductive
generating layer. The photoconductive' layer of selenium
and tellurium -desirably is thinner than the vitreous
selenium carrier layer and may be as small as 0.03 micron
or:as large as 50% of the thickness of the carrier layer,
but usually not less than 0.1 micron, nor more than 20%
of the thickness of the carrier layer. Thus, for example,
there .may be prepared a sensitive member comprising
a backing plate a vitreous selenium layer in the order of
about 20 .microns, and a selenium-tellurium overcoating
in the order of about 1 micron thickness. This new mem-
ber.is characterized by relatively low dark decay and ab-
sence of fatigue in combination with increased photocon-
ductive speed -and substantially improved sensitivity to
red, yellow, and green lights.

Other.methods of preparation of new xerographic mem-
bers, according :to-this invention, may be employed, but
vacuum - evaporation is the presently preferred method
and the following examples are presented in illustration
of simple and.straightforward methods of achieving the
advantages of .this new improvement in the art. The
new 1mproved xerographic members can -be prepared by
pressing molten'layers onto a-base member or by spraying
molten .composition or pigmented binder films onto-such
base members, but it isto be realized that the production
of thigh quality members, such as are desired for photo-
graphic purposes, is most satisfactorily achieved by pro-
cedures ‘including. vacuum -evaporation.

‘Example:1.—A brass plate having a smooth, flat surface
apprommately 4"’ x'5" ‘was thoroughly f‘leaned by scrub-
bing in water containing a detergent. The plate was
rinsed clean-and was thén polisheéd with a cleaning ma-

terial believed to have a hydrocarbon wax base and being 5

available under the trdde name “Glass Wax.” ~This
polish was applied uniformly over the surface of the plate
and was vigorously polished off using a clean dry cloth
to deave a polished surface which is understood and be-
lieved to have an extremely thin layer of a hydrocarbon
wax material. The thus prepared plate was placed in an
evacuation chamber in .contact with a platen through
which is circulated water at a controlled temperature.
The chamber was evacuated and the water temperature
set to control the temperature of the brass plate at 80° C.
Selenium -placed in molybdenum evaporation beats was
then brought to a position about 6’ from the .surface of
the plate, and the selenium was evaporated onto the sur-
face by heating from electrical heaters located at the
molybdenum evaporation boats. A layer of selenium
about 15 microns thick was deposrted on the brass plate.
Next, and without destroying the vacuum condition, other
molybdenum boats containing a mixture of 7% tellurium
in selenium were heated to evaporate onto the surface. of
the selenium coated plate a film approximately 5 microns
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thick of mixed selenfum-tellurium. After the evapora-
tion was complete, the plates were removed from the
vacuum chamber and found to be photoconductive in-
sulating members suitable for xerography. As tested
against comparable plates having 20-micron layers of
selenium with no tellurium mixed therewith, the new
plates were found to have greater light sensitivity, par-
ticularly to green and yellow light. Xerographic pic-
tures of good quality were produced from these new xero-
graphic members.

Example 2—The procedure of Example 1 was re-
peated employing percentages of tellurium in the upper
selenium-tellurium layer of 2%, 4%, 7%, and 8% and
employing films of 5 microns of selemum-tellumum mix-
ture deposited on top of films of 15 microns of selenium
to yield films of total thickness of 20 microns. The thus
produced plates were characterized by increased xero-
graphic sensitivity particularly to green and yellow light
with the plates having layers containing 7 and 8%
selenium -exhibiting the greater increase in sensitivity.
Xerographic prints of such quality were produced on all
of these plates.

~ Example 3.—~The procedure of Example 1 was repeated
at plate temperatures during evaporation of 60°, 70°, 80°,
and 85°. Plates of comparable quality were produced
at all'these evaporation temperatures.

Example 4.—The procedure of Example 1 was' re-
peated ‘to produce plates having total selenium and
selenium-tellurium layers in thickness of 60 microns of
which the selenium-tellurium layer comprised 10% or 6
microns placed on top of the all-selenium layer. A series
of plates was prepared at a plate temperature during
evaporation of 80° C. and an evaporation time of 10
minutes for the selenium layer and 60 minutes for the
top selenium-tellurium layer. Within this series of plate
preparation, the tellurium content in the selenium-tel-
lurium layer was set for the different plates at 0, 7, 8, 10,
12.5, 17.5, 15, and 20% tellurium, the remainder being
selenium.

In testing the plates according to this example, two
tests are recorded. According to the first test, the plate
is charged to about 600 volts and in the absence of illumi-
nation the dissipation of this potential was measured with
respect to time. The dark decay half-time, which is the
time required for this potential to decrease to ¥5 its
original value, was recorded for each of the plates and
was found to be 630 seconds for the plate having a layer
containing 7% tellurium and 12 seconds for the plate
having a layer vcontammg 20% tellurium, with the inter-
mediate percentages of selenium resulting in correspond-
ingly intermediate dark decay half-times. ~The plate
contammg no tellurlum in the upper layer had a dark
decay half-time greater than 1000 seconds.

"The second test recorded the sensitivity of the plate in
terms of reciprocal seconds for the plate potentlal to drop
from 200 to 100 volts when exposed to' 0.030 microwatt
per square centimeter radiation. This test was performed
at different wave lengths of radiation to measure spectral
sen51t1v1ty as well as fotal sensitivity. The plate having
an upper layer containing 20% tellurium showed a peak
sensitivity of about 1.4 reciprocal seconds at about 500
millimicrons wave length with the sensitivity being greater
than 1.0 over the range from less than 400 mlllumcrons
to over 600 millimicrons wave length. Significant sensi-
tivity was measured through the entire visible spectral
range. “The plate having no tellurium in its upper layer
showed a peak sensitivity of about 0.3 reciprocal seconds
at a wave length of about 400 millimicrons and showed
almost no sensitivity above 550, millimicrons wave length
I the intermediate values mtermedlate ‘sensitivities were
noted. ~For exanple the plate containing 10% tellurium
in its upper layer showed a peak semsitivity of abotit 0.7
reciprocal seconds at about 400 millimicrons wave length
and showed significant sensitivity. throughout the spectral

5 range. up to greater than 650 mxlhmrcrons wave length
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Example 5—A series of xerographic plates was pre-
pared with a total selenium and selenium-tellurium thick-
nesses of 50 microns, of which 2% or 1 micron was the
selenium-tellurium layer on top of the base selenium
layer.  These plates were prepared at 80° backing-plate
temperature during evaporation and contained 25% tel-
lurium in the selenium-tellurium layer. A number of
such plates was prepared and tested for the production
of xerographic pictures; uniformly good xerographic re-
sults were achieved. The plates were characterized by
substantially increased sensitivity throughout the visible
spectral range. . These plates averaged 12 times the speed
of comparable selenium plates having no selenium-tel-
lurium layer.

A xerographic member, such as the one just described,
is particularly adapted to xerography employing positive
polarity charging to a potential in the order of about 50
to about 500 volts followed by exposure to an optical
image whereby there is selective dissipation of the elec-
trostatic charge. The resulting electrostatic latent image
can be developed by treatment with an electroscopic ma-
terial, and optionally the developed image is transferred
to a transfer member to yield a xerographic print.

- It is to be understood that other methods of prepara-
tion of the xerographic member may- be employed in-
cluding, for example, melting and pressing or spraying
molten selenium onto a base member or, if desired,
painting or spraying the surface of the base member with

. a piginented resin where pigment is selenium in its vitre-

ous form or other photoconductive material of the type
hereinbefore described as the photoconductive carrier:
Likewise, the selenium-tellurium layer may be formed by
simultaneous evaporation from separate sources for the
selenium and tellurium as well as by evaporation of a
mixture of selenium-tellurivm or may be applied by
other methods such as spraying a molten mixture or melt-
ing and pressing a mixture of the ingredients onto the
base member having the photoconductive carrier layer
thereon. ,

The operability and -operation of the new xerographic
member has been described in terms of ‘theory of solid
state physics and thus in terms of migration of elec-
tron and positive holes -within solid state structure. = It
is to be understood, however, that the operation of the
invention. is ‘not limited to the correctness of the theory
and that the present invention, therefore,-is not to be
limited to this or any other particular mechanism of
operability.

What is claimed is:

1. An improved photoelectrically - sensitive - member
comprising a conductive backing member having there-
on acarrier layer consisting of vitreous selenium and a
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thin layer theréover consisting of a mixture of selenjum
and tellurium in their vitreous form.

2. The article according to claim 1 wheréin the
selenium-tellurium layer consists of between about 2 and
about 435%. tellurium and substantially the remainder
selenium,

3. The article of claim I wherein the selenium-tel-
lurium layer consists of about 5 to about 28% tellurium
and the remainder substantially selenium.

4, A photoelectrically sensitive member comprising a
conductive backing member having thereon a carrier
layer consisting of vitreous selenium and a thin layer
thereover of a mixture of selenium and tellurium in their
vitreous form, said thin selenium-tellurium layer consist-
ing of between about 2 and about 45% tellurium, the
balance being substantially selenium, and being at least
about 0.03 micron thick but not more than about 50%
as thick as the carrier layer.

5. An article according to claim 4 wherein the thin
selenivm-tellurium layer consists-of between abont 5 and
about 28% tellurium; the balance being substantially
selenium,

6. An article according to claim 5 wherein the thin
selenium-tellurivm layer is at least about 0.1 micron
thick  but not more than about 20%  as thick as the
photoconductive carrier layer.
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