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(57 ABSTRACT

A method of preparing an electrophotographic plate
having a metallic oxide coating interface is disclosed.
The preparation of the plate involves subjecting a me-
tallic substrate to a glow discharge process by utilizing
it-as the anode electrode in the electrical discharge
process. The glow discharge effects oxidation of the
surface as well as heating the substrate to a tempera-
ture at which vacuum evaporation of the photocon-
ductive layer takes place. The process has particular
utility because the glow discharge — oxidation process
effectively cleans the metallic substrate thereby pre-
paring it for the subsequent evaporation of a pure
photoconductive material such as selenium.

4 Claims, 2 Drawing Figures
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1
GLOW DISCHARGE TECHNIQUE FOR THE
PREPARATION OF ELECTROPHOTOGRAPHIC
PLATES |

This is a division of application Ser. No. 39,945, filed
May 20, 1970 now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a method of employing cur-
rent to form films upon the surface of a'metal by em-
ploying such metal as an electrode in a glow discharge
reactor. More specifically, the invention relates to an
improved coating technique employing glow discharge
in the preparation of xerographic plates.

The various phenomena of gaseous electrical dis-
charges have been the subject of continuing investiga-
tion from the last part of the 19th century to the pres-
ent time. Generally, these are referred to as non-self
maintaining discharge, breakdown discharge, self sus-
taining discharge, corona and brush discharge, glow
discharge, and arc discharge; in order of increasing cur-
rent flow. Another term employed for several types of
these discharges is mentioned as “silent discharge.”
Throughout the studies on these discharges various gas-
eous substances have been used to sustain the ioniza-
tion effects of the potential necessary to cause the dis-
charge to occur.

While many of the different types of electrical dis-
charges have been reported in the early art, the more
recent art has been particularly concentrated upon the
glow discharge. This type of discharge.occurs at low
pressures and only over a rather narrow range of glow
current densities between the electrode surfaces. In
line with the undesirability of disruptive type dis-
charges such as arcing discharges, the recent art has
proposed to limit the current causing the glow dis-
charge to prevent such arc.

The present invention relates to the use of glow dlS—
charge in the preparation of electrophotographic
plates. According to present technique in the prepara-
tion of electrophotographic plates, metallic substrates,
such as aluminum, are passed through a series of clean-
ing processes prior to deposition of the photoconduc-
tive layer. In this cleaning process generally the metal-
lic substrate is passed through a series of chemical
cleaning tanks containing alkaline and/or acidic sub-
stances which effectively clean the surface by etching.
After the cleaning process the substrate is then dried
and subsequently placed in a high temperature furnace
where it is subjected to a temperature of over 200°C for
approximately 30 minutes in order to form an oxide
layer thereon. The substrate containing the oxide layer
is then placed in a. vacuum evaporanon chamber
wherein the photoconductive layer is vacuum evapo-
rated thereon and there results a xerographic plate hav-
ing a substrate, an interface layer of metallic oxide, and
a photoreceptor layer.

While the aforementioned method results in satisfac-

tory electrophotographic. plates there are several dis-

tinct and significant disadvantages to such a. process.
First, the process requires a series of steps which are
physically independent from one-another and therefore
are obviously time consuming. Secondly, the physical
transfer of the substrate subjects it to handling which
increases the risk of contamination. Thirdly, the oxida-
tion step in the high temperature oven takes place
-under atmospheric conditions and therefore there is
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additional risk of contaminants and impurities adhering
to said substrate during the oxidation.

According to the present invention, it has been found
that electrophotographic plates can be prepared by a
glow discharge technique in combination with an evap-
oration process. By means of this process it is possible
to produce electrophotographic plates having uniform
metallic oxide interfaces thereby resulting in plates
having excellent dark discharge characteristics, i.e.,
plates having low dark decay. Homogeneity and unifor-
mity of the metallic oxide interlayer are advantageous
in electrophotography because of the strict physical
and electrical parameters that are imposed in high
quality imaging and recording.

In the most general practice of the present invention
the metallic substrate is used as a discharge electrode
in a glow discharge process. More specifically, the me-
tallic substrate is grounded as the anode electrode in a
vacuum system and upon the application of current the
glow discharge between the cathode and the substrate
sets up a plasma state such that the ionized air in the
vacuum system bombards the metallic anode resulting
in surface oxidation as well as heating of the substrate.
When necessary, the substrate is then cooled to an ap-
propriate temperature at which vacuum evaporation
takes place.

OBJECTS OF THE INVENTION

It is therefore an object of this invention to provide
an improved method and apparatus for producing
highly uniform films on substrates which overcome the
above-noted disadvantages.

It is yet another object of this invention to provide a
method and apparatus for producing highly uniform
photoconductive films and interfaces contained on a
substrate.

It is another object of this invention to provide a
method of forming improved imaging members for
electrophotography

It is yet another object of this invention to provide a
preparation of an improved mterface for electrophoto-
graphic plates.

BRIEF SUMMARY OF THE INVENTION

The foregoing objects and others are accomplished in
accordance with this invention by providing a method
and apparatus for coating an electrophotographic sub-
strate which comprises subjecting a metallic substrate
surface to glow discharge in a vacuum environment
whereby the metal is heated and a metallic oxide
formed on the surface of the substrate and thereafter
vacuum evaporating a layer of photoconductive mate-
rial onto said substrate.

The use of glow discharge in the preparation of elec-
trophotographic plates essentially accomplishes three
important functions ordinarily required in the vacuum
evaporation of photoconductive coatings on electro-
photographic plates. In the first instance the electrical
discharge heats the drum thereby preparing it for vac-
uum evaporation. Secondly, the discharge causes bom-
bardment of the anode substrate with ionized oxygen
molecules which oxidize the surface to produce a me-
tallic oxide layer. Thirdly, in oxidizing the surface the
glow discharge effectively oxidizes any possible con-
taminants. and thereby cleans the surface of the metal

- anode.
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For purposes of illustration, and one embodimént of
this invention, an aluminum drum is placed in a coating
chamber at positive ground poténtial. The coating
chamber also contains a spaced cathode and an evapo-
ration source containing puré selenium. The chamber
is then evacuated:to a sub-atmospheric pressure and
power is applied between the cathode and substrate
using a D.C. discharge. The resulting electrical dis-
charge is continued for a time sufficient to cause a for-
mation of a desired thickness of amorphous aluminum
oxide on the surface of the drum. After the electrical
discharge is suspended the ‘drum, which has been
heated during the eléctrical discharge, is cooled, if nec-
essary, to a suitable temperature and vacuum evapora-
tion of the pure selenium onto the drum is then initi-
ated. There results from this process a xerographic
drum having an aluminum substrate, an amorphous
aluminum oxide interface layer, and an amorphots se-
lenium photoconductive layer.

This novel method is particularly adapted to the vac-
uum evaporation of photoconductor materials and may
‘be used in the preparation of binder or layered photo-
receptors. The photoconductor materials include sele-
nium, arsenic, tellurium, antimony, bismuth, thallium,
sulfur, and mixtures, and alloys, thereof. It should be
understood that the photoconductor materials may
contain small amounts of certain additives which mod-
ify or enhance electrical or physical properties. For ex-
. ample, materials such as halogens, which include io-

dine, chlorine, fluorine and bromine, may be added to
arsenic-selenium alloys in order to increase the sensi-
tivity of this alloy. In addition to the photoconductor
materials mentioned above, organic photoconductors
which can be vacuum evaporated are considered within
the purview of the present invention. -

In order to attain eléctrical discharge in the present
invention a direct current of from about 100 to 1,000
milliamps is preferred. The use of an alternating cur-
rent would result in a reversal of polarity of the elec-
trodes thereby resulting in a partial frustration of the
oxidation process at the surface of the metallic sub-
strate. A voltage of from about 1,000 to 10,000 volts
is required in order to obtain sufficient power. It is
found that within these electrical parameters effective
glow discharge takes place.

In another, more specific, illustration of the instant
invention, an aluminum drum substrate is inserted as
the positive potential electrode; the anode, in a glass
Bell jar vacuum coater. A glow discharge cathode and
shielding was installed above the drum, the shielding
being used to protect this glass. A two cavity open boat

. crucible containing substantially pure selénium is then
placed beneath the drum. A varian glow discharge
power supply, Model 922-002 is used as a high voltage
power source. A needle valve is installed to regulate the
Bell jar pressure at any desired level.

The system is then evacuated to a pressure of about’

40 microns of Hg and the needle valve cracked until a
pressure of 40 microns of Hg is sustained. A glow dis-

10

. -4 , s
selenium electrophotographic plate having an alumi-
num oxide interface. The advantages of this improved
technique and apparatus will become apparent upon
consideratiori of the following disclosure especially
when taken in conjunction w1th the accompanymg
drawings wherem

BRIEF DESCRIPT ION OF THE DRAWINGS

FIG. 1illustratés a vacuum coating jar, and apparatus
for a glow discharge system accordmg to the present
invention.

FIG. 2 is another embodnmem ofa coatmg apparatus
according to the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS -
FIG. 1 schemiatically illustrates a glow discharge

coating system for producing coatings in accordance
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charge is then effected by application of the power .

source at voltage of about 5,500 volts. The glow dis-
charge continues for about 3 minutes which raises the
temperature of the drum from about 23°C to about
50°C. At this point the selenium crucible is heated to
-about 220°C by means of a resistant heating element
and evaporation of the selenium on the drum is allowed
to take place for an 18 minute period. There results a

65

with the present invention. Reaction chamber 8 of FIG.
1 can be any material capable of enclosing a vacuum
chamber including such' materials’ such as glass or
quartz, metals, etc. The reaction chamber includes an
inlet'port 9, and an outlet port 18, for connectlon to an
evacuation system. ,

The pair of electrical leads 6 and 7 are shown passmg

_up through the undersurface of plate 11, one being in

contact with a high voltage cathode, 2, surrounded by
a shielding device, 3, and the other being in contact
with: the metallic substrate, which_ functions as the
anode and is shown in the figure in a drum configura-
tion designated as 1. These leads are connected to a
high voltage power source 12 which can be operated at
constant amperage. .

The apparatus also includes one or more pedestals
represented at 5, each  of which is provided with a
heater represented at 13. The evaporation crucible
containing the photoconductor material to be evapo-
rated onto the metallic substrate is designated as 4.

In actual operation, the pressure in the coating appa-
ratus of FIG. 1 is reduced to below 200 microns of mer-
cury. A sufficiently high voltage is then applied from
the high voltage power source, 12, to- cause the dis-
charge between the cathode, 2, and the metallic drum
anode thereby forming a glow discharge throughout the
chamber.- As the pressure is further reduced to below
100 microns of mercury, the glow dlscharge becomes
crossed by a series of dark zones assuming the form of
the classical glow discharge. In front of the cathode is
a glow termed Cathode glow, followed by a dark space
called the cathode or Crooke’s dark space. The cath-
ode dark space is followed by another glow called the
negative glow which is the most luminous of all the
glows. This is followed by the Faraday dark space, and
a long glowing region known as the positive column.
Further reduction in the gas pressure will cause the
cathode dark space to expand at the expense of the
positive column, and when a pressure of the order of 15
microns of mercury is reached, the cathode dark space
will increase significantly in length. Should the cathode
dark space expand sufficiently to contact the anode
electrode the discharge is extinguished.

For the maintenance of a glow discharge from the
cathode electrode, 2, there must be a definite relation-
ship between the number of electrons ejected from the
cathode per positive ion compact and the number of

~ positive ions produced by electrons colliding with gas

molecules, i.e., for the discharge to be maintained an
electron must in its passage, through the atmosphere
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remaining in the apparatus, produce that number of
positive ions which upon striking the cathode will re-
lease a new electron.

DESCRIPTION OF SPECIFIC EMBODIMENTS

In terms of a specific embodiment of this invention
as illustrated by FIG. 1, an aluminum drum being ap-
proximately 4% inches in diameter and 12 inches wide
in size and normally used in a Xerox 813 machine is
mounted on a rotating means as the anode substrate 1
in the vacuum coater of FIG. 1 and set rotating at about
6 revolutions per minute. Inlet port, 9, is sealed off and
outlet port, 10, is connected to a vacuum pump which
is operated to reduce the pressure inside the chamber
8 from atmospheric pressure to about 15 to 200 mi-
crons of mercury. A Varian glow discharge power sup-
ply, Model 922-0002, was used as a high voltage power
source, 12, and set at maximum power. A voltage of
from about 5 to 10 kilovolts is applied depending upon
the pressure within the coating chamber. The applica-
tion of the voltage results in a glow discharge occurring
within the evacuated coater and said discharge effec-
tively causes the rotating anode aluminum drum- sub-
strate to be exposed to ion bombardment. The dis-
charge is continued for a time necessary to effect a suf-
ficient uniform formation of amorphous aluminum
oxide over the whole drum surface which layer will ul-
timately function as an interface in a xerographic drum.
Generally the exposure time corresponds to the time
required to attain a substrate temperature at which vac-
uum evaporation of the photoconductor material can
take place.

The glow discharge is then terminated and either the
drum is allowed to cool to a.temperature at which vac-
uum evaporation takes place or, should the drum be at
the appropriate temperature at the end of the glow dis-
charge, vacuum evaporation takes place immediately.

20
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When the drum has reached a suitable evaporation

temperature the crucible containing substantially pure
selenium is heated by means of the heating element 13.
Deposition of the selenium on the aluminum oxide
coated substrate 1 then takes place in an evaporation
cycle of less than 20 minutes, the final photoreceptor
layer being about 60 microns. It should be understood,
however, that the rate of deposition for evaporation for
any of the aforementioned steps may be increased or

decreased by simply varying the process parameters by

techniques well known in the art.

While describing one operation of the instant inven-
tion in terms of the glow discharge oxide formation and
cooling of the drum as being sequential steps, the prac-

. tical aspects of the instant invention do not dictate such
an order. Therefore because metallic oxide interface
layers to be effective only have to be from about 15 to
55 angstroms thick the glow discharge is generally con-
tinued until the metal substrate is raised to the temper-
ature at which the vacuum evaporation of the photore-
ceptor material is to take place. More specifically, the
time of glow discharge is limited only insofar as restrict-
ing the amount of heat generated by the power being
put into the system. Although this period of discharge
will differ depending upon the particular material to be
evaporated, the discharge time will be sufficient to
form an oxide layer w1thm the thicknesses recited
above.

The operating pressure of the above described pro-

cess may be selected within the range of from about 15
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microns of mercury to several hundred microns of mer-
cury, depending upon the voltage and current supplied
from the power source. However since the instant pro-
cess is concerned with the formation of the metallic
oxide interface on the metallic substrate during the
glow discharge process, suitable oxygen is found pres-
ent at pressures of from about 15 to about 200 microns
of mercury. In terms of the time necessary to heat a
substrate to a given temperature, optimum conditions
are found at pressures of from about 30 to 50 microns

of Hg.

As pointed out above, the temperature of the sub-
strate will depend upon the particular material or alloy
to be deposited. Generally substrate temperatures will
range from about 40°C to 400°C depending upon the
material to be evaporated. If the photoreceptor mate-
rial is thought to be in the amorphous form these tem-
peratures are sufficient.

In the practice of the present invention with respect
to the use of glow discharge to form oxide coatings on
metallic drum substrates it is possible to use a universal
coater. As illustrated in FIG. 2, in carrying out the coat-
ing of a drum surface by glow discharge in a vacuum
coater, a universal mandrel 13 could be used not only
as a support core during coating but also as a means for
cooling said drum surface after the ion bombardment
and - evaporation processes. The mandrel will be a
length of pipe, the diameter of which would be smaller
than that of the particular drum being coated. The
mandrel would be used as a means for cooling the drum
after glow discharge process and also after the evapora-
tion cycle by means of introducing dry nitrogen or air
through the hollow core of the mandrel and into the
coating chamber. This can be more graphically seen by
reference to FIG. 2 where the mandrel designated 14
is shown as a hollow cylindrical core with a perforated
surface. The inlet designated as 15 in the figure is that
point which air or dry nitrogen is injected for purposes

of drum cooling: The gas then proceeds along the

length of the mandrel and seeps through the perforated
holes of the perforated cylinder indicated by the arrows
to reach the underside of the heated drum. In this man-
ner a means is provided for regulating the temperature
of the drum surface both after glow discharge and after
evaporation thereby facilitating the coating process in
terms of efficiency and time.

In the actual operation of this embodiment of the in-
vention a potential is applied between the anodic drum
1 and the high voltage cathode designation as 2 thereby
resulting in a glow discharge between the two elec-
trodes. The discharge is continued for time sufficient to
cause a formation of metallic oxide on the surface of
said drum said coating being capable of functioning as

‘an interface layer.:in a xerographic photoreceptor.

Upon termination of the glow discharge, air is pumped
through the inlet 15 where it links the vacuum and cir-
culates through the mandrel and reaching the under-
surface of the heated drum by way of the perforated
holes in the cylindrical core, the excess air being
pumped through the perforated mandrel that exits at
the outlet designated as 16. The cooling air then re-
duces the temperature of the metallic drum substrate
to a point at which vacuum evaporation of pure sele-
nium, located in the crucible designated as 4, can be
vacuum evaporation thereon. The system is then evac-
uated again and the crucible 4 is heated and the drum
1 is carried through an evaporation cycle after which
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air is again circulated through the perforated mandrel
for. purposes of cooling the drum or purposes of re-
moval from the coating apparatus.

Operation of the apparatus as well as the various
electrical and physical parameters illustrated in FIG. 2
is essentially the same as described in connection with
FIG. 1. An appropriate vacuum system evacuates the
_coating apparatus by means of an exit port as in 10 of
FIG. 1. The drum anode and cathode are electrodes in

8
layer is again measured and the values recorded. As
can be seen from the results outlined in Table I in each
run there is significant increase in the oxide barrier
units which can only be attributed to the glow dis-
charge process which additionally forms aluminum
oxide on the surface of the 813 drum. It is to be further
noted that runs three and four illustrate optimum pres-
sures of from about 30 to 50 microns of Hg at which to
achieve a given substrate temperature in the shortest

the same manner as illustrated by 6 and 7 of FIG. 1. 10 time using approximately the same power.
' TABLE I
Initial
Oxide Final
Pressure Exposure Initial Final Barrier Oxide
in Time In Voltage Current temp temp Units Barrier
of Hg Minutes In Volts in AMPS °C °C (OBU) Units (OBU)
1 100 5 1080 0.3. o 23° 120°C 9.0 “300
2 45 10 4500 0.44 23° . 175°C 13.4 34.2
3 50 5 5300 0.36 - 23° 85°C - 9.6 27.6
4 45 2 4400 0.46 23° 85°C 9.2 16.4
5 42 3 5600 0.26 23° 75°C
The photoreceptor material is heated by a heating ele- EXAMPLE 11

ment such as 13 'and FIG. 1 and the material evapo-
rated in the direction of the substrate on which it forms
a highly uniform adherent coating. ‘

The following examples of practice are meant to be
descriptive of various manners of which the-method of
this invention may be used to produce the interface and
photoreceptor coatings according to the present inven-
tion. The examples of practice are not intended to be
limitative of the invention.

EXAMPLE 1

Four runs were made at the electrical parameters set
out in the first four runs in Table I below. The operating
procedure is as follows: An 18 inch pilot coater is out-
fitted with a hand build cylindrical rotating fixture,
such as that shown in FIG. 2, for an 813 size aluminum
drum. A glow discharge cathode and shielding was in-
stalled about 5 inches above the drum and a 2 cavity
open boat crucible was installed beneath the drum as
shown in FIG. 2 at a distance of about 1 inch. A Varian
glow discharge power supply, Model 922-0002, was
used for the high voltage source and a needle valve was
installed to regulate the Bell jar pressure at any desired
level. The temperature measurement of the aluminum
substrate is accomplished with the use of a thermocou-
ple attached to the underside of the drum.

In each of the first four runs set forth in Table I initial
oxide barrier units were measured by the standard
method utilizing a Hewlett Packard X-Y-Recorder. It
is to be noted that the measurement of the oxide barrier
units causes contamination of the substrate surface
thereby precluding the evaporation of pure selenium,
or selenium alloys, onto said contaminated surface. As
to be demonstrated hereinafter, when a photoreceptor
layer is to be applied the oxide barrier unit cannot be
measured (See Example II).

The Bell jar was then evacuated by means of a diffu-
sion pump to about 8 microns of mercury and the nee-
dle valve cracked to raise the pressure to the respective
pressures listed in Table I. Each of the four 813 alumi-
num drums were then subjected to a glow discharge of
between 2 and 10 minutes depending on the various
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electrical parameters involved. After the drums were
cooled to room temperature by means of the perfo-

rated universal mandrel set forth in FIG. 2, the barrier

A fifth drum which is designated as run number 5 in
Table I, was also processed by a glow discharge similar
to that used on the first four aluminum drums of Exam-
ple I using the electrical and physical parameters set
forth in. Table I. There was no measurement of the
oxide barrier units because of the contamination factor
mentioned above. The glow discharge was continued
for a three minute period until the temperature of the
drum reached 75°C. The drum was then subjected to an
18 minute evaporation cycle for a selenium alloy mix-
ture having the composition of 99 percent selenium
and 1.0 percent arsenic, mechanically mixed with a 30
part per million chlorine doped selenium, The resulting
photoreceptor drum was cooled and removed from the
coater and plated in an in line 813 scanner where it is
electrically scanned. The drum is cycled (charged and
exposed) 20 times and the charge fatigue is measured.
Contrast potential, residual charge, aud dark discharge
are then measured sequentially in four cycle modes for
each medsurement. The results are outlined in Table II.

TABLE I

Initial charge 800 V
Contrast potential 730V
Residual charge 10V
Overall dark discharge 150 vV
Localized dark discharge 15V
Charge fatigue Zero V

The residual charge and charge fatigue values indi-
cate that the interface aluminum oxide layer prepared
by the instant glow discharge process acts as an effec-
tive barrier layer while not causing excessive charge
buildup. It therefore can be concluded photoreceptors
having metallic oxide interfaces and prepared by the
glow discharge and vacuum evaporation coating pro-
cess of the instant invention have excellent dark dis-
charge properties.

Without intending to limit the present invention by
proposing a theory of operation for the glow discharge
process described herein, it is speculated that when a
high voltage discharge is passed between the metal
electrodes in the evacuated system, there is an initial
lowering gas pressure as some of the bombarded gase- "
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ous molecules are rapidly converted to the solid oxide
at the surface of the anode which is under ion bom-
bardment. The reduction in the gas pressure in the
evacuated coater is due to the conversion of the ionized
gas molecules to the metallic oxide; that is, the rapid
flow of electrons from the high voltage cathode ionizes
the gaseous molecules of oxygen either in or about the
metallic substrate thereby effecting its chemical reac-
tion with the metal. Put another way the rapid release
of electrons at the cathode causes a bombardment of
the gases in the chamber which results in ionized gases
between the cathode and the anodic metallic substrate.
The ion bombardment on the metallic substrate then
causes oxidation of the substrate surface. In the in-
stance where the aluminum substrate is used the glow
discharge causes formation of an amorphous aluminum
oxide layer which has excellent characteristics as an in-
terface layer in a xerographic photoreceptor.

All specific components and proportions have been
stated in the above description of the preferred em-
bodiments of this invention. Other suitable materials
and procedures such as those listed above may be used
with similar results. In addition, other means may be
used by one skilled in the art which in no way should
be construed or restrictive of the scope and spirit of the
present invention.

What is claimed is:

1. The process for the preparation of an electropho-
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| 10
tographic plate comprising;

a. placing an aluminum substrate as the anode in a
pressure coating chamber with a glow discharge
cathode,

b. reducing the pressure in said coating chamber to
between 15 and 20 microns, and applying a glow
discharge of from about 1,000 to 10,000 volts and
about 100 to 1,000 milliamps between the cathode
and the anode,

¢. continuing said glow discharge for a time sufficient
to oxidize said metallic substrate and form a layer
of metallic oxide, and .

d. thereafter vacuum evaporating a photoconductive
material on the metal oxide substrate in said cham-
ber.

2. The process of claim 1 wherein the glow discharge
is continued for a time sufficient to form a metallic
oxide layer of between about 15 and about 55 ang-
stroms.

3. The process of claim 1 in which the glow discharge
is carried out at pressures of from about 30 to 50 mi-
crons of Hg to effect a formation of amorphous alumi-
num oxide having a thickness of from about 10 to 55
angstroms.

4. The process of claim 1 in which the photoconduc-

tive material comprises selenium and selenium alloys.
* ok ok k%
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