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2-Claims. (Cl."96—1)

This invention relates to improved methods -of and
means for producing ‘electric connection to ‘solid bodies
of semiconductors and diélectrics, and to improved meth-
ods of ‘and means for-electrostatic printing.

Ordinarily, it is difficult to provide an electrical con-
nection between an electrode and a body of semicon-
ductive -or dielectric material. Peor contact may be
caused by barrier layers at the surfaces of the electrode
and the ‘body, or by improper -physical contact between
the body and .the electrode, such as by discontinuous
physical contact between the surface of -the body and
the:surface of the electrode.

‘Prior methods for providing electric contact to such
bodies “include: ionizing the gas in the space between
the electrode and the surface of ‘the semiconductive -or
dielectric ‘body which requires either high voltages or
high electric currents and is inefficient; pyro¢lectric meth-
ods ‘which are inconvenient; and triboelectric -methods
which are difficult to-control.

Another method for providing an-electric contact.is to
apply an électrode to the surface of the body of semi-
conductive or dielectric material and ‘then ‘to ‘apply a
known voltage with respect to-the body to:the electrode.
While small amounts -of -charge are transferred by this
method, the transfer is-unequal-across ithe electrode sur-
face, even when high-voltages are applied.

It has been -proposed. to ‘sandwich a ‘thin sheet ‘of
pliable semiconducting-material such: as-rubber,paper or
plastic'sheets between the electrode and the body in order
to improve the connmection. While this method is an
improvement over the structure having mo. such semi-
conducting sheet, -still the required -voltages ‘are -high
and-the transfer is uneven.

It.has been further proposed-to improve the connection
between an electrode and a -body -of -semiconducting or
dielectric -material by interposing therebetween a thin
layer -of -an electrically-conducting liquid. "While  this
method -provides :improved -electric contacts:-between the
electrode -and the -body, it has ‘the' disadvantage that the
liquid-must be-insulated from adjacent conductors. Fur-
thermore, the -liguid layer is-conduective -laterally -along
its length as well as transversely through its -thickness.
Where it is desired to pass a pattern of electric -charge
or -current, -this method - dissipates :the ;pattern laterally.

It is.an-object of this invention to provide improved
electrical .connections -to *bodies : of -semiconductors -and
“dielectrics. )

Another object is to provide:improved:electrical con-
nections to.semiconductive and dielectric -bodies which
minimize lateral conduction along the surface of .the
contact.

‘A -further object is to provide improved methods. and
means forproducing a blanket electrostatic ¢harge on the
surface of a body of semiconductive or dielectric material.

‘Another - object ‘is "to ‘provide ‘improved methods and
means of electrostatic: printing,

‘In s general, the ‘invention includes a method -for -pro-
viding ‘electrical connection to-aibody of semiconductive
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or dielectric material which comprises closely spacing the
surface of an electrode from the surface of the body to
which connection is to be made, with a film forming
liquid such as propyl alcohol which is electrically-insulat-
ing in bulk. When a voltage with respect to the body is
applied to the electrode, the electric field across the liquid
unexpectedly causes the liquid to behave as a conductor
transversely through the layer while continuing -to “be-
have as an insulator in the lateral direction. By semi-
conductive or dielectric material is ‘meant "a material
having a resistivity greater than 106 chm-cm.

The invention includes a method of electrically charg-
ing the surface of a body of semiconductive ‘or dielectric
material which includes ‘the above described step “for
providing an electrical connection ‘in combination with
the ‘subsequent steps of applying a voltage with respect
to the body to the electrode, removing said electroite
from said body, removing the voltage from said élec-
trode and ‘then removing the liguid remaining on.the
surface of said body. . .

The invention includes improved ‘methods ‘and nreans
for electrostatic printing including the improved elec-
trical connections and the improved metheds of charging.

The invention will ‘be described -in greater detail by
reference to the accompanying drawing in which:

Figure 1 is a sectional, elevational view of an improved
means for making an electrical connection between -a
conductor and a dielectric. .

“Figure 2-is a sectional, elevational view of an-improved
means for making an electrical connection between a
conductor and a semiconductor, ‘and

Figure 3 is a sectional, elevational view -of an -im-
proved means for ‘making an electrical connection “be-
tween a semiconductor and a dielectric.

"Similar reference characters -are applied to -similar
elements throughout the drawing.

Example 1

‘Referring 'to ‘Figure 1, .an improved :electrical connec-
tion means “between a ‘conductor and a dielectric -com-
prises a sheet 21 of diclectric material ‘sandwiched ‘be-
tween an upper électrode 41 and ‘a ‘Tower electrode 43.
The : dielectric ‘material .21 ‘may be for example ‘a sheet
of polystyrene 0.0005 to 0:010 inch thick preferably about
0.003 inch thick. The electrodes41.and 43 may'be.of-any
conducting material, for :example, brass:

I order to improve the electrical connection between
the upper électrode 41 and the: diélectric sheet 21, athin
liquid layer 31 of ‘propyl alcohol ‘is -interposed ‘therebe-
tween. The ‘layer-may "be about 0.00002 to -0.003 -inch
thick, preferably-0.0001 inch'thick.

A uniform electric charge is formed on the upper
surface of the dielectric sheet 21 by applying between
about ‘100 -and 2000 volts to ‘leads -45 rattached “to *the
electrodes 41 and 43. For the preferred thicknesses -of
elements, about 200 volts is preferred. ~With'thicker ele-
ments the 'higher voltages are préferred.

In order'to produce.a similar .charge on'the upper sur-
face -of the dielectric sheet 21 without the ‘liquid layer
31, ‘between -about 1600 "and 30,000 volts ‘are required.
For “the -preferred thicknesses of ‘elements, ‘about 7000
volts are:required. ‘Furthermore, the resulting charge on
the surface:of the dielectric sheet is:not ‘as uniform:as‘the
charge formed by the:method: of Example 1. This lack
of ‘uniformity ‘may be due to surface irregularities of:the
surfaces. of ‘the ‘dielectric ‘sheet ‘or the ‘electrode. or both
resulting .in ‘discontinuous physical contact therebetween.

If a thin sheet of a-pliable, semiconductor, ‘such ‘as
paper about 0.002 inch thick is substituted forthe liquid
layer 31, about 1000 to 7000 volts is'required -to charge
the surface-of the dielectric sheet 21. For the-preferred

“thickness:about'5000wolts is'required.
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The charged surface may be uncovered by removing
the electrodes 41 and 43 and evaporating the propyl alco-
hol remaining on the surface of the dielectric sheet 21.
The charged surface may then be used for any desired
purpose.

Example 2

The eclectrical connecting means of the invention may
be used in an electrostatic printing process to provide an
improved method of blanket charging. An electrostatic
printing process is that type of process for producing a
visible image, reproduction or copy which includes, as
an intermediate step, converting a light image or electric
signal to an electrostatic charge pattern on an electrically-
insulating base. The process may include the conversion
of the charge pattern into a visible image which may be
a substantial reproduction of an original except that it
may be different in size. A detailed description of the
steps of such a process may be found in U.S Patent
2,297,691, issued October 6, 1942, to C. F. Carlson.

In a typical electrostatic printing process, a layer of
photoconductive material disposed upon an electrically-
conductive backing is provided with a blanket electro-
static charge. A light image is then focused upon the
photoconductive layer, The electrical resistance of the
illuminated areas of the photoconductive laver is reduced,
allowing an electrostatic image corresponding to the
light image to form on the photoconductive layer.

The blanket electrostatic charge may be provided tribo-
electrically, pyroelectrically, by irradiation with electrons
or ions or by physical contact with a charged electrode.
Each of these processes has disadvantages as described
above,

Referring to Figure 2, a layer 23 of a photoconductive
material such as selenium supported upan an electrically
conducting backing 25, such as paper, is sandwiched be-
tween an upper electrode 41a and a lower electrode 434,
The backing 25 rests upon the lower electrode 434. The
electrodes may be of any conductive material such as
brass.

In order to improve the electrical connection between
the upper electrode 41a and the photoconductive layer
23, a thin liquid layer 31a of gasoline is interposed there-
between. The liquid layer may be about .0001 to .002
inch thick but is preferably .0005 inch thick.

A uniform electric charge is formed on the upper sur-
face of the photoconductive layer 23 by applying be-
tween 100 and 500 volts preferably about 300 volts to
leads 45a attached to the electrodes 41a and 434. The
structure is then disassembled and the gasoline remaining
on the surface of the photoconductive layer 23 is evapo-
rated leaving a dry surface having a uniform electrostatic
charge thereon. The surface may then be exposed pho-
tographically and developed by conventional means.

Example 3

The electrical connecting means of the invention may
be used to provide an improved electrostatic printing proc-
ess. In another typical electrostatic printing process, an
electric field is applied through a layer of photoconduc-
tive insulating material; for example, by contacting a first
electrode with one side of the photoconductive layer,
spacing a second electrode from the other side of said
photoconductive layer and applying voltage between said
electrodes. When a light image is focused on the photo-
conductive layer, the electric resistance of the illuminated
areas of the photoconductive layer is reduced allowing
an electrostatic image to form in the photoconductive
Iayer. The electrostatic image is conducted to a dielec-
tric surface and then developed in the usual way.

Referring to Figure 3, a sheet 27 of dielectric material
such as a polystyrene resin is sandwiched between a lower
electrode 43b, for example, brass, and an upper trans-
parent electrode 415 having a layer 29 of photoconduc-
tive material on the inner surface thereof. The trans-
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parent electrode may comprise a sheet of glass 39 having
a turface treated with tin chloride at about 400° C. to
produce a conductive layer 415 thereon. The photocon-
ductive layer 29 may be cadmium sulphide bonded in
20% by weight of a silicone resin, but is preferably
photoconductive selenium about .001 inch thick.

In order to improve the electrical connection between
the photoconductive layer 29 and the dielectric sheet 27, a
thin liguid film 315 of cyclohexanol is interposed there-
between. The layer may be about .0005 to .003 inch
thick but preferably about .002 inch thick.

A negative voltage of about 400 volis is applied to the
upper electrode 415 with respect to the lower electrode
43b by leads 45b attached thereto. About 2000 volts is
required to obtain the same result if the liquid film of the
invention is not used. Simultaneously, a light image is
focused upon the photcconductive layer 29, for example
with a lens 71. The electrical resistance in the illumi-
nated areas of the photoconductive layer is reduced, al-
lowing an electric charge to pass therethrough and to de-
posit in the dielectric sheet 27 thereby forming an elec-
trostatic image thereon corresponding to the light image
focused on the photoconductive layer.

The voltage and the light image are removed and the
apparatus disassembled. The liquid remaining on the di-
electric sheet 27 is evaporated and the electrostatic image
thereon is developed by conventional methods, The use
of liquid film 315 not only improves the electrical con-
nection between the photoconductive layer 29 and the
dielectric sheet 27, but also the electric charge pattern is
transferred with a minimum dissipation of the pattern
laterally along the contact surface.

Poor electrical connection is ordinarily encountered
where the contact is between conductor and semicon-
ductor, conductor and dielectric, semiconductor and semi-
conductor and semiconductor and dieleciric. In each of
the above described examples electrical connection is im-
proved by interposing a thin film of a liquid which is
ordinarily electrically-insulating in bulk. When such a
material is reduced to a thin film or layer, it behaves as
if it is a conductor or a semiconductor. Thus, the film
will conduct electric charges through the film but remains
electrically-insulating laterally along the length of the
contact. The practice of the invention affords the equiv-
alent of optimum physical contact between. the bodies
and a minimum in electric barriers to the flow of elec-
tricity.

The liquid used to produce the improved electrical
connection of the invention is preferably a film-forming
material so as to provide a continuous layer over the sur-
face. The liquid has preferably, a bulky resistivity
greater than 10% ohm-cm. so as to minimize the Jateral
flow of electric charge along the length of the contact.
The liquid has, preferably, a dielectric constant greater
than 5 so as to obtain a minimum drop in voltage across
the liquid layer. The liquid should be of a material that
is substantially non-ionizing in order to avoid hydrolysis.
The liquid should be chemically stable for the duration
of its use and should not attack the electrode or the con-
tacted body.

Examples of other suitable liquids are propyl alcohol,
gasoline, cyclohexanol, cyclohexane, amylacetate propyl-
ene glycol, acetone, polystyrene dissolved in acetone, poly-
vinyl chloride in diethylene chloride, water soluble cellu-
lose, distilled water and kerosene.

The electrode is preferably a good conductor of elec-
tricity but may be a body having a resistivity as high as
1010 ohm-cm. The body to which connection is made
may be a dielectric or semi-conductor and preferably has
a resistivity greater than 106 ochm-cm.

There have been described improved electrical con-
nection means to semiconductors and dielectrics. These
connection means may be used to provide a uniform elec-
trostatic charge on the surface of a body of semiconduc-
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tive or dielectric material, and to provide improved
methods and means of ¢lectrostatic printing.

What is claimed is:

1. A method of electrostatic printing comprising the
steps of coating the surface of a photoconductive insulat-
ing material on a conductive backing member with a thin
film of a liquid having a bulk resistivity of at least 109
ohm-centimeters, closely spacing an electrode which is
conductive in bulk from said photoconductive insulating
material and in area contact with the surface of said film
of liquid, establishing an electric potential between said
electrode and said backing member of a magnitude suffi-
cient to produce an electrostatic charge at the surface of
said photoconductive insulating material, removing said
electrode from said closely spaced relationship, removing
the liquid remaining on the surface of said photoconduc-
tive insulating material, photographically exposing the
surface of said photoconductive insulating material there-
by producing an electrostatic latent image on the surface
of said photoconductive insulating material and then de-
veloping said electrostatic latent image with an electro-
statically attractable substance.

2. A method of electrostatic printing comprising the
steps of coating the surface of a photoconductive insulat-
ing material on a conductive backing member with a thin
film of a liquid having a bulk resistivity of at least 108
ohm-centimeters, closely spacing an electrode which is
conductive in bulk from said photoconductive insulating
material and in area contact with the surface of said film
of liquid, establishing an electric potential between said
electrode and said backing member of a magnitude suffi-
cient to produce an electrostatic charge at the surface of

10

20

30

6

said photoconductive insulating material, photographically
exposing the surface of said photoconductive insulating
material thereby producing an electrostatic latent image
on the surface of said photoconducting insulating mate-
rial, then removing said electrode from said closely spaced
relationship and removing the liquid remaining on the
surface of said photoconductive insulating material and
then developing said electrostatic latent image with an
electrostatically attractable substance.
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