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[57] ABSTRACT

Disclosed is a method of making a photoconductive
imaging device which comprises directly depositing a
thin layer of trigonal selenium onto a supporting con-
ductive substrate, said deposition comprising RF sput-
tering said film at an RF input power of up to about 3
Watts/cm?, while producing a corresponding elemen-
tal selenium flux density of up to about 10%
atoms/cm?/sec. in an Argon atmosphere maintained at
a pressure of about 10 to 30 microns. The deposition
is carried out onto a conductive metallic substrate
maintained at a temperature in the range of about 70°
to 130°C.

6 Claims, 2 Drawing Figures
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RF SPUTTERING OF TRIGONAL SELENIUM
FILMS

BACKGRGOUND OF THE INVENTION

This invention relates in general to xerography and
more specifically to a method of directly depositing
trigonal selenium photoconductive layers by RF sput-
tering.

In the art of xerography, a xerographic plate contain-
ing a photoconductive insulating layer is first uniformly
electrostatically charged in the dark in order to sensi-
tize the surface of the photoconductive layer. The plate
is then exposed to an image of activating electromag-
netic radiation, such as light, which selectively dissi-
pates the charge in the illuminated areas of the photo-
conductive layer while leaving behind a latent electro-
static image in the non-illuminated areas. The latent
electrostatic image may be developed and made visible
by depositing finely divided electroscopic marking par-
ticles on the surface of the photoconductive layer. This
concept was originally described by Carlson in U.S.
Pat. No. 2,297,691 and is further amplified and de-
scribed by many related patents in the field.

A photoconductive material which has had wide use
as a reusable photoconductor in commercial xerogra-
phy comprises vitreous or amorphous selenium. Al-
though vitreous selenium has had wide acceptance for
commercial use in xerography, its spectral response is
limited largely to the blue-green portion of the visible
spectrum (below 5200 Angstrom Units).

Selenium also exists in a crystalline form known as
trigonal or hexagonal selenium which is well known to
the semi-conductor art for use in the manufacture of
selenium rectifiers. In the crystalline trigonal form, the
structure of the selenium consists of helical chains of
selenium atoms which are parallel to each other along
the crystalographic c-axis. In the past, trigonal sele-
nium was not normally used in xerography as a photo-
conductive layer because of its relatively high electrical
conductivity in the dark, although in some instances
trigonal selenium can be used in a binder configuration
in which the trigonal selenium particles are dispersed in
the matrix of another material such as electrically ac-
tive organic material or a photoconductor such as vitre-
ous selenium. U.S. Pat. Nos. 2,739,079 and 3,692,521,
both describe photosensitive members utilizing small
amounts of hexagonal (trigonal) selenium contained in
a predominantly vitreous selenium matrix.

It has been found that a thin layer of trigonal sele-
nium overcoated with a relatively thicker layer of elec-
trically active organic material, forms a useful compos-
ite photosensitive member which exhibits improved
spectral response and increased sensitivity over con-
ventional vitreous selenium-type photoreceptors. This
structure may be made by first vacuum evaporating a
thin layer of vitreous selenium onto a supporting sub-
strate followed by forming an electrically active or-
ganic layer over said vitreous selenium layer. The en-
tire device is then heated to an elevated temperature
for a time sufficient to convert the vitreous selenium to
the crystalline trigonal form. This device and method
are more fully described in copending U.S. pat. appli-
cation, Ser. No. 473,858, directed to the Method of
Fabricating Composite Trigonal Selenium Photorecep-
tors, and filed on May 28, 1974 (D/72448). It has been
found, however, that since vitreous selenium is approx-
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imately 11 percent less dense than trigonal selenium,
considerable volume shrinkage occurs on converting
the vitreous selenium layer to the trigonal form. This
shrinkage gives rise to strains in the selenium layer and
in some cases leads to cracking and pinhole formation
within the resulting trigonal selenium layer. In addition,
the adhesive bond between the trigonal selenium layer
and the substrate can also be weakened by these
strains.

OBJECTS OF THE INVENTION

It is therefore an object of this invention to provide a
method of forming trigonal selenium layers by direct
deposition by RF sputtering.

It is another object of this invention to provide a
method of making an imaging device containing a sub-
stantially strain-free trigonal selenium layer which ex-
hibits good substrate adhesion.

It is a further object of this invention to provide a
method for the direct deposition of trigonal selenium
layers suitable for use in composite imaging members.

SUMMARY OF THE INVENTION

The present invention is directed to the direct deposi-
tion of trigonal selenium layers by RF (radio fre-
quency) sputtering onto heated metallic substrates.
The direct deposition by RF sputtering is accomplished
by using conventional-type sputtering modules in a
partial pressure of an inert gas using a high purity sele-
nium target. Sputtering under these conditions eventu-
ally results in the formation of a thin continuous poly-
crystalline layer of trigonal selenium which is formed
on a heated metallic substrate. The trigonal selenium
layer may then be overcoated with a layer of electri-
cally active organic material, such as polyvinyl carba-
zole, in order to form a composite imaging device suit-
able for use in electrophotographic-type imaging.

One embodiment contemplated for the present in-
vention involving the above mentioned composite de-
vice, involves uniformly charging the free surface of the
active layer to a given polarity. The device is then ex-
posed to radiation to which the electrically active trans-
port layer is substantially non-absorbing or transparent,
and to which the photoconductive trigonal selenium
layer is substantially absorbing. Positive or negative
electrical charges (holes or electrons) generated by the
trigonal selenium layer are injected into the transport
layer and moved to the surface to selectively discharge
the surface charge, resulting in the formation of a latent
electrostatic image which may be later developed to
form a visible image.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates one embodiment of the imaging
member suitable for using the trigonal selenium layers
of the present invention.

FIG. 2 illustrates a second embodiment of an imaging
member suitable for using the trigonal selenium layers
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The process of the present invention is directed to
the deposition of trigonal selenium by RF sputtering
onto a heated metallic substrate. The process com-
prises utilizing a conventionaltype sputtering module
under vacuum conditions of about 1 to 3 X 1072 Torr.
(10 to 30 microns) in an inert atmosphere such as
Argon or Neon, using a high purity selenium target.
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The vacuum conditions are not particularly.critical and
pressures outside this range may also be used. The
sputtering conditions include using an RF input power
of about 1 to 3 Watts/cm? with a corresponding sele-
nium flux density of up to about 10'® atoms/cm?/sec.
An RF power and flux density above these maximums
would tend to melt the selenium target. One critical
aspect of the present invention involves controlling the
substrate temperature within the range of about 70° to
130°C during the selenium deposition. In general, a
film thickness of 2,000 Angstroms can be obtained on
3 inch diameter gold substrate when sputtering at 80
Watts in 10 microns of Argon at a substrate tempera-
ture of 108°C for 150 minutes. It should be understood
that these conditions may all be varied somewhat in
order to obtain the desired trigonal selenium morphol-
ogy. In general, lower deposition rates or lower RF
powers, lower the substrate temperature range for
which the trigonal selenium may be obtained. Also,

lower deposition rates at higher substrate temperatures 2

in general result in larger average selenium crystallite
sizes.

The trigonal selenium layers of the present invention
are used in a composite imaging member suitable for
use in xerographic type imaging. The figures in the
drawing illustrate a suitable imaging device for such
trigonal selenium layers. In FIG. 1, reference character
10 illustrates an imaging member comprising a support-
ing substrate 11 overlayed with a thin layer of crystal-
line trigonal selenium 12 which is covered with a rela-
tively thicker layer of an organic electrically active
material 13. The imaging member may be in any form
such as a flat plate, drum or cylinder, drum scroll or a
flexible endless belt.

The substrate 11 may be rigid or flexible and of any
convenient thickness. It may also comprise a composite
structure such as a thin conductive coating contained
on a dielectric base.

The substrate 11 must be made up of a suitable con-
ductive material. Several substrate properties appear to
be of importance for use in the present invention. First,
the substrate must be electrically blocking with respect
to trigonal selenium. Alternatively, the substrate could
be covered with a thin blocking layer to prevent charge
injection from a non-blocking substrate into the trigo-
nal selenium layer. Second, the number of heteroge-
neous nucleation centers for trigonal selenium growth
is very important. Nucleation centers of this type are
normally found on the surfaces of most substrates.
While it is important that the substrate contains a suffi-
cient number of nucleation sites for trigonal selenium
formation and growth, there is reason to believe that an
excessive number of nucleation sites can give rise to a
form of trigonal selenium which is too conductive in
the dark to be of xerographic utility. This phenomenon
may be related to the size of the selenium crystallites
since the crystallite size can be dependent upon the
density of nucleation sites on the substrate surface.
Hence, the density of nucleation sites on the substrate
is very important. The number of these sites depends
on the nature of the particular substrate being used and
must be determined empirically. Third, it is important
that the substrate-vapor surface tension, 7y, be
kept as high as possible and that the substrate-selenium
interfacial tension, ys-y»  be kept as low as possible.
Since vy, and vy, are inherent properties of the sub-
strate and selenium, optimization of these can best be
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used as the substrate material since it has a relatively
high surface-free energy and does not appreciably oxi-
dize. Anodized aluminum was used since it is known to
have a low electronic work function and thus does not
inject into trigonal selenium. It was concluded that a
preferred group of suitable substrate materials would
be those having high surface energies and low elec-
tronic work functions including such metals as tanta-
lum, zirconium, titanium and zinc. By thus optimizing
these parameters, imaging members can be produced
with suitable xerographic properties. The increased
ability of sputtering to produce trigonal selenium over
evaporation techniques is due to the increased surface
mobility of the selenium during sputtering. This in-
creased surface mobility is due to the higher kinetic
energy, the heating plasma and the high critical nucle-
ation temperature associated with RF sputtering.
Therefore, with regard to the substrate, any suitable
conductive material taking into account the above
criteria may be used in the present invention.

Trigonal selenium layer 12 is formed by the tech-
niques already described above and must be main-
tained in a critical thickness range of about 0.03 to 0.8
microns (300 to 8000 Angstroms) in order for the
device to function effectively. Thicknesses below about
0.03 microns do not absorb sufficient amounts of light
and, therefore, do not generate sufficient numbers: of
electrical charges, while thicknesses above about 0.8
microns result in an excessively high dark conductivity
and the plate will not function adequately to be useful
for imaging.

In general, the active layer 13 may comprise any
suitable transparent organic polymer or nonpolymeric
material capable of supporting the injection of photo-
excited holes from the photoconductive layer and al-
lowing the transport of these holes through the organic
layer to selectively discharge a surface charge. Typcial
polymers inctude poly-n-vinylcarbazole (PVK), poly-1-
vinylpyrene (PVP), poly-9-vinylanthracene and others.
Typical nonpolymeric materials include carbazole,
pyrene, tetra phenyl pyrene, benzochrysene, perylene,
tetracene, pycene, fluorene, fluorenone and naphtha-
lene. A larger group of suitable materials for use in
layer 13 are more fully described in copending applica-
tion Ser. No. 371,647, filed on June 20, 1973, which
are incorporated herein by reference.

Alternatively, an electron transport material may
also be used for layer 13. A typical electron transport
material comprises 2,4,7-trinitro-9-fluorenone (TNF).
The TNF may be used alone or in combination with
relatively electrically inactive organic materials such as
polyesters or complexed with other active materials
such as polyvinyl carbazole.

In general, the thickness of the active layer should be
from about 5 to 100 microns, but thicknesses outside
this range can also be used.

In imaging the above device, the free surface of the
active material is uniformly electrostatically charged to
a given potential. The device is then exposed to a pat-
tern of activating radiation of a wavelength such that
the layer 13 is substantially nonabsorbing or transpar-
ent to the imaging light. This light generates electron-
hole pairs in photogenerating layer 12 and for hole
transport materials, positive charges or holes are in-
jected into and transported through active layer 13 to
sel.ctively discharge a surface charge which results in
thc formation of a latent electrostatic image. This
image may then be developed in any conventional man-




3,926,762

5

ner to form a visible image.

It is not the intent of this invention to restrict the
choice of active materials to those which are transpar-
ent in the entire visible region. For example, when used
with a transparent substrate, imagewise exposure may
be accomplished through the substrate without the
light passing through the layer of active material. In this
case, the active material need not be nonabsorbing in
the wavelength region of use.

Another modification of the layered configuration is
illustrated in FIG. 2 and optionally includes the use of
a blocking layer at the substrate-photoconductor inter-
face. This configuration is illustrated by photosensitive
member 20 in which the substrate 21, and trigonal
selenium photoconductive layer 23 are separated by a
blocking layer 22. Active transport layer 24 overlays
photoconductive layer 23, The blocking layer functions
to prevent the injection of charge carriers from the
substrate into the photoconductive layer. Any suitable
blocking material which meets the above criteria for
the substrate may be used.

It is preferred that trigonal selenium photoconductor
and the active organic material should be selected or
matched to provide that the active layer be nonabsorb-
ing to light in the wavelength region used to generate
photoexcited carriers in the photoconductive layer for
carrier injection into the active organic layer. This
preferred region of xerographic utility is from about
4000 to 7000 Angstrom Units. In addition, the trigonal
selenium being responsive to most wavelengths from
4000 to 7000 Angstrom Units is suitable for a panchro-
matic response.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following examples further specifically define
the present invention with respect to a method of mak-
ing a photosensitive member containing a photocon-
ductive layer of trigonal selenium. The percentages are
by weight unless otherwise indicated. The examples
below are intended to illustrate various preferred em-
bodiments of the present invention.

EXAMPLE 1

The direct deposition by RF sputtering of a continu-
ous trigonal selenium film is carried out using a modi-
fied Materials Research Corporation Model 8620 sput-
tering module on a Welch 3102 turbomolecular pump.
A flat temperature controlled substrate holder is placed
opposite and parallel to a hot pressed 7.62 cm diameter
high purity selenium target (99.99% purity) which is
epoxy bonded to a copper backing plate. In the stan-
dard sputtering module the substrate holder was substi-
tuted for one of the upper sputtering targets and the
selenium target was put on the lower target holder with
the spacing between the target and substrate set at 6.35
cm. The selenium is sputtered onto a 5 cm by 5 cm gold
coated aluminum plate. The ranges of sputtering condi-
tions which resulted in trigonal selenium film are:

40-105 Watts
1.28 — 6.57 x 10"
atoms/cm?/sec

10 — 30 microns
80 — 120°C

Net RF input power
Corresponding to a Se flux of

Argon gas pressure
Substrate temperature

Two examples of sputtering runs which resulted in
continuous trigonal selenium films of a few thousand
Angstroms thickness can be given. The first film was
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sputtered at 80 Watts in 10 microns of Argon at a
substrate temperature of 108°C for 150 minutes. The
second film was sputtered at 85 Watts in 10 microns of
Argon at a substrate temperature of 98°C for 60 min-
utes. In general, lower deposition rates (lower RF pow-
ers) lowered the substrate temperature range for which
trigonal selenium could be obtained. Lower deposition
rates at higher substrate temperatures, in general, re-
sulted in larger average selenium crystalline sizes. Due
to the injecting property of the gold substrate, these
films could not be tested xerographically.

EXAMPLE II

A trigonal selenium layer is formed over an anodized
aluminum substrate by the method set forth in Example
I. A 12 micron layer of polyvinyl carbazole is then
formed over the trigonal selenium layer by draw bar
coating from a solution of polyvinyl carbazole. This
composite device is capable of being imaged in a xero-
graphic manner to form a visible image.

Although specific components and proportions have
been stated in the above description of the preferred
embodiments of the present invention, other modifica-
tions and ramifications of the present invention would
appear to those skilled in the art upon reading the
disclosure. These also are intended to be covered in the
scope of this invention.

What is claimed is:

1. A method of making a photoconductive imaging
device which comprises:

directly depositing a thin layer of trigonal selenium

onto a supporting conductive substrate, said depo-
sition comprising RF sputtering said film at an RF
input power of up to about 1 to 3 Watts/cm?® while
maintaining a corresponding elemental selenium
flux density up to about 10'® atoms/cm?/sec. in an
inert atmosphere under vacuum conditions, said
deposition being carried out while maintaining the
conductive substrate at a temperature in the range
of about 70° to 130°C, said substrate being of a
material which is electrically blocking with respect
to trigonal selenium or is covered with a thin elec-
trically blocking layer to prevent charge injection
and which has an adequate number of heteroge-
neous nucleation centers for trigonal selenium
growth but not so many sites so that the process
gives rise to a form of trigonal selenium which is
too conductive in the dark to be of xerographic
utility and such material having a sufficiently high
substiate-vapor tension and a sufficiently low sub-
strate-selenium interfacial tension to permit the
effective application of the trigonal selenium to its
surface by RF sputtering.

2. The method of claim 1 in which the substrate
comprises anodized aluminum.

3. The method of claim 1 in which a layer of electri-
cally active organic material is then formed over the
trigonal selenium layer.

4. The method of claim 1 in which the electrically
active layer comprises a material selected from the
group consisting of polyvinyl carbazole, polyvinyl py-
rene, 2,4,7-trinitro-9-fluorenone, and mixtures thereof.

5. The method of claim 3 in which the thickness of
the deposited trigonal selenium layer is from about 300
to 8000 Angstrom Units.

6. The method of claim 1 in which the substrate
comprises a metal selected from the group consisting of
tantalum, zirconium, titanium and zinc.

* * * * *



