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York ‘ ) )
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6 ‘Claims. (CL 95—1.7)

This invention relates to xemgfaphy and, in particular,
to a novel method and apparatus for separating a toner
image from an insulating surface while preserving the
electrostatic charge pattern on which it is developed.

Xerography is a well-known method of image recording
in which a latent electrostatic charge pattern formed on a
sufficiently non-conductive material is visualized by an
appropriate development process. The developed image
is usually transferred to any suitable image transfer ma-
terial such.as paper, especially when a reusable plate is
employed in the formation of the electrostatic charge
pattern.

"The latent electrostatic charge pattern may be formed
in various ways. One well-known technique involves as
a first step deposition of a uniform electrical charge on
a xerographic plate comprising a photoconductive layer
overlying'a conductive backing. This first step is carried
.out in the dark, or in light to which the photoconductive
layer is insensitive, by means of a corona discharge device
such as that disclosed in Walkup U.S. Patent 2,777,957.
Exposure of the charged plate to an optical image selec-
tively dissipates the charge in light-struck areas, thus
producing an electrostatic- charge pattern conforming to
the optical image.

One of several known development techniques may be

employed. to render the electrostatic charge pattern vis-
ible. - For instance, the charge pattern may be dusted
-with an oppositely charged pigmented resin powder,
termed toner. As already indicated, it may be preferred
that the tomer image be transferred to image transfer
material thus freeing the xerographic plate for further
use. Electrostatic transfer techniques have been suc-
cessfully employed for this purpose. Accordingly, an
image transfer web, such as a sheet of paper or plastic,
may be laid over the developed image and an electrical
charge applied to the upper surface as by means of a
corona discharge device already mentioned. The charge
deposited on the web establishes an electrostatic field
which draws the charged toner particles from the plates
and attaches them to the transfer web. The transfer
web may then be separated from the plate such as by
peeling.
. During ‘separation, electrostatic field in the air gap
between the transfer web and plate remains essentially
constant so that the electrical potential rises as the spac-
ing increases. The lines of force which hold the toner
particles in place are accordingly stretched. When the
$pacing has so increased that the electrical potential
reaches a critical point with respect to the atmospheric
conditions, air breakdown or sparking occurs in the air
gap. This phenomenon results in distortion of the elec-
trostatic charge pattern and in diminution of electrical
contrast. - In conventional xerography, in which only
one transfer is made from a developed image, this spark-
“ing i of no consequence. However, it must be avoided
if the electrostatic charge pattern is to be preserved for
subsequent  developmeént and transfer steps.

‘One method of electrostatic image preservation is dis-
‘closed in Byrne U.S. Patent 2,951,443, and comprises
separating the developed image from the insulating sur-
face while applying a uniform and constant electrical
potential to the image transfer web by means of a con-
ductive ‘member such as a roller. However, it is- fre-
quently difficult to determine exacly what potential

10

15

20

25

35

40

50

60

65

70

2

should be applied to the conductive member to accom-
plish neutralization of the transfer charge.  The transfer
charge may vary because of power supply fluctuations,
spacing between corona discharge transfer device and im-
age web, efc., and sparking may not be prevented if the
applied potential is insufficient to neutralize the transfer
charge or if the transfer charge is “over-neutralized.”

The instant invention is directed to preventing air break-
down or sparking by insuring that a neutralizing charge
of correct magnitude is applied to the transfer web. This
is accomplished by means of a second corona discharge
device operated in conjunction with the transfer corona
discharge device. By operating the two devices elec-
trically connected in accordance with this invention, trans-
fer charge neutralization may be effected so that spark-
free transfer can be conveniently attained.

Accordingly, it is a principal object of this invention
to provide novel means to preserve an electrostatic charge
pattern in its original condition without distortion dut-
ing the separation step in the xerographic process.

Other and further objects of this invention are made
apparent by the following description in which:

FIGURE 1 illustrates an electrostatic charge pattern on
a non-conductive plate;

FIGURE 2 illustrates development of the plate car-
rying an electrostatic charge pattern;

FIGURE 3 illustrates transfer-separation according to
the present invention;

FIGURE 4 illustrates a corona discharge device suit-
able for use in the present invention:

FIGURE 5 shows a preferred power supply for use
in the present invention;

FIGURE 6 is a diagrammatic view of a continuous
machine for production of multiple copies according to
the present invention;

FIG. 7 illustrates an embediment wherein the transfer-
separation corona devices are connected by a variable re-
sistor; and

FIG. 8 illustrates an embodiment wherein the shields
of the corona devices comprise an integral structure.

Ilustrated in FIGURE 1 is an electrostatic charge
pattern 11 on the surface of insulating plate 12. The
electrostatic charge pattern 11 is designated by plus
marks and, for purposes of this description, is assumed to
be of positive polarity. However, it is to be understood
that the charge pattern may be of either positive or nega-
tive polarity and may consist of gradations of potential
or charge or may be, as illustrated, areas of charge in-
terspaced by areas of substantially no charge. The par-
ticular charge pattern illustrated in FIGURE 1 may be
regarded as a line copy pattern consisting of representa-
tive areas of charge and absence of charge which desir-
ably can be printed in areas of black on a white surface.
Insulating plate 12 must be at least sufficiently non-con-
ductive to support an electrostatic charge during the in-
stant process. - The conventional xerographic plate is suit-
able for this purpose but it is not suggested that this in-
vention is limited thereto.

In FIGURE 2 there is illustrated development of elec-
trostatic charge pattern 11 by the technique generally
known in the art as “cascade development.” In cas-
cade development, which is described in Walkup U.S. Pat-
ent 2,618,551, a mixture of particles 21 is presented to
the surface bearing the charge pattern. The particles are
generally frictionally electrostatically charged and the
electrostatic fields of force which exist between the
charges on the particles and the charges on the surface
of the plate cause particle deposition in conformity with
the electrostatic charge pattern resulting in tonér image 22.

The developer generally used in cascade development
comprises a dry mixture of fine toner particles electro-
statically adhering to larger particles generally referred to
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as carrier particles, The carrier particles will part with

the finer toner particles as the developer mixture passes

over and in contact with the electric field of influence of
the electrostatic charge pattern. During development, de-
veloper is passed across the plate surface either once or a
number of times and the toner particles deposit on the
charge pattern to form a visible toner image.

It is to be realized that other known xerographic de-
velopment techniques may be used. -Accordingly, it is
intended to include within the scope of this invention sep-
aration of toner images produced by other known xero-
graphic developing techniques including, but not limited
too, loop development, powder cloud development, brush
development, magnetic development, and the like. Specif-
ically, it is-noted that where a rigid plate member is be-
ing used, cascade development is generally preferred to
produce line copy images and powder cloud development
is-generally preferred to produce continuous tone images.

Transfer-separation comprising the present invention is
illustrated in FIGURE 3. Particles comprising toner
image 22 are shown adhering to insulating plate 12 in con-
formity with electrostatic charge pattern 11 indicated by
the plus marks. Transfer web 23, which is shown in light
contact with insulating plate 12, may comprise any suit-
able material such as paper, plastic, or the like. As trans-
fer corona device 24 is moved relative to insulating plate
12 in the direction shown by the arrow, its positive co-
" rona discharge overcomes the attractive forces of elec-
trostatic charge pattern 11, thus causing toner image 22
to be transferred onto transfer web 23. Transferred
toner image 22a is shown adhering to those portions of
transfer web 23 which have been subjected to the corona
discharge from transfer corona. device 24. :-Separation
corona device 25 emits corona discharge opposite in po-
larity to that of transfer corona device 24 and is also
moved relative to transfer web 23 and insulating plate
12 in the direction indicated by the arrow. Separation
corona device 25 causes neutralization of the charge pro-
duced by transfer corona device 24 permitting the sep-
aration of transfer web 23 from insulating plate 12 with-
out the occurrence of air breakdown or sparking. As a
result electrostatic charge pattern 11 remains intact after
the separation step permitting its reuse in the development
process for the formation of additional toner images.  Sep-
aration corona device 25 need not necessarily be posi-
tioned immediately adjacent to transfer corona device 24,
as appearing in FIGURE 3. However, the corona de-
vices would generally be closely positioned to minimize
the physical space occupied by these elements.

FIGURE 4 shows one of the general types of corona
discharge devices suitable for operation in conjunction
with the present invention. It is referred to as a coro-
tron and is described in greater detail in Vyverberg U.S.
Patent 2,836,725. The corotron assembly, designated gen~
erally by reference character 30, comprises two insulating
terminal blocks 31 positioned at either end of the assem-
bly and joined together by a conductive shield 32. Corona
wire 33 is a fine conductive strand mounted on the insu-
-Jating terminal blocks and runs lengthwise of the assem-
bly from one block to the other beneath shield 32. Co-
rona wire 33 forms the corona discharge electrode and
may be conductively connected to a high voltage power
source.

It is to be realized that when separation of the trans-
fer web from the insulating plate surface takes place with-
out transfer charge neutralization, such as that provided
by separation corona device 25 shown in FIGURE 3,
the capacitance between the transfer web and the sur-
face of the insulating plate decreases as the gap between
the two increases. As capacitance decreases, since the
charge on each surface is not varied, the potential in-
creases at a rapid rate during separation,. Usually a point
is reached at which the potential becomes' sufficiently
great to bring about an electric air breakdown between
-the surfaces resulting in ‘distortion of the image pattern
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on the insulating plate surface. Therefore, separation co-
rona device 25, by effecting the neutralization of trans-
fer charge, maintains the field-space relationship below
critical stress conditions. Little or no positive charge
remains on the transfer web 23 but the transferred toner
image 22¢ is held on the web by physical forces and the
small remaining positive transfer charge. Sparking or
other electric air breakdown phenomena are prevented and
the electrostatic charge pattern is maintained on the in-
sulating plate surface in its original condition.

As already indicated, the neutralization charge must be
of correct magnitude in order to be effective. If the ionic
emission from separation corona device 25 is either in-
sufficient or too great, conditions conducive to air break=
down will persist. Of course, neutralization of the trans~
fer charge could be accomplished by using two separately
powered corona discharge devices for transfer and separa-
tion.. These devices would have to be carefully adjusted
so that the neutralization charge would be of equal mag-
nitude, but opposite polarity, to that of the transfer
charge. As a practical matter, variations in operating
conditions mentioned earlier make such critical adjust-
ments extremely difficult if not impossible.

Apparatus according to the present invention is inher-
ently self-regulating so that exactly the same amount of
charge is deposited on the transfer web by each corona
device. By forcing the oppositely charged emission from
separation corona device 25 to be antoriatically equal to
the emission from transfer corona device 24, complete
neutralization of the transfer web is effected. The pres-
ent invention achieves this result, variations in operating
conditions notwithstanding.

Reference is again made to FIGURE 3 to show how
the neutralization charge is effectively regulated in ac-
cordance with the present invention.” Transfer corona
device 24 and separation corona device 25 are both elec-
trically connected to oppositely poled terminals of power
supply 26, which is described in greater detail in con-
nection with FIGURE 5. For purposes of this descrip-
tion, the corona wire of transfer corona device 24 is shown
connected to the positive side of power supply 26 and the
corona wire of separation corona device 25 is shown con-
nected to the negative side although this relation can be
reversed.  The power supply 26 is electrically insulated

‘or isolated from ground as are each of the corona dis-

charge devices. The respective shields of the two corona
devices are electrically connected by means of wire 27
although it is to be understood that this electrical con-
nection may be optionally attained through a fixed or
variable resistor 67, as illustrated in FIG. 7, or by op-
erating the corona devices with their shields in direct con-
tact, or by forming both such shields as an integral struc-
ture 74, as schematically illustrated in FIG. 8. The oth-
er components shown in FIGS. 7 and 8 are the same as
those of FIG. 3 and are designated by the same reference
characters. 1If a resistor were used for this electrical con-
nection, it might, if desired, be used to controllably re-
duce corona emission from the two corona devices.
Since, except for the corona emission contact, the ele-
ments mentioned are electrically isolated from their en-
vironment, it may be séen that the amount of current
leaving one corona device must be equal and opposite to
that entering the other corona device. With the elements
connected as shown in FIGURE 3, voltages will au-
tomatically adjust to provide equal emission from the
two corona devices. Accordingly, the amount of charge
deposited by the corona devices must be equal, resulting in
complete neutralization of charge on the transfer web.
The necessary electrical isolation in the apparatus can
be attained by careful attention to conventional princi-
ples of good engineering. The corona devices should ‘be
supported on high quality insulators and connected to
the power supply by well insulated conductors. The
power supply may be of the conventional transformer
rectifier type, but should incorporate a well insulated
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‘transforiner free of corona.  Itis especially advantageous
to use the type of transformer in which the high voltage
secondary winding is physically separated from the core
and primary winding. Good insulating should be used
‘throughout the power supply and rectifier filament trans-
formers, if used, should have well insulated secondary
windings. Filter condensers, if employed, should be con-
nected -across the high voltage transfornier rather than to
ground, unless they are -of exceptionally low leakage. If
a power supply meeting this description is not available,
power supply 26 may alternatively -comprise a conven-
tional power supply mounted on good insulators and
powered by a well insulated high voltage isclation trans-
former which may be of the 1:2 type. Various other
means for providing high voltage power 'sources isolated
from ground are known and may be employed. Also,
power supply 26 may be réplaced by several individual
power supplies provided each is suitably insulated,

FIGURE 5 depicts the essential elements of a preferred
high ‘voltage power supply for use ‘in this invention. A
primary winding 34 is wound on a toroidal iron core
35." High voltage secondary coil 36 is interlinked with
the core but is physically separate from the core and pri-
mary winding. A-set of.rectifiers 37 transform the high
voltage alternating current to direct current on the order
of 10,000 to 15,000 volts. A filter condenser 38 may be
connected across the rectifier output terminal. The en-
tire high voltage assembly is connected to high voltage
feed through bushings 39 which may be the sole me-
chanical support therefor. Thus, complete electrical
isolation exists between the high voltage circuit and all
low voltage elements such as the mechanical structure
of the power supply, the primary winding, or the like.

As illustrated in FIGURE 6, the present invention may
be suitably applied to a continuously operating machine
designed to produce a plurality ' of copies from a single
electrostatic charge pattern. A xerographic drum 40 com-
prising a photo-conductive insulating layer 41 overly-
ing a conductive backing 42 is suitably mounted to rotate
in the direction indicated by the arrow. The drum is dis-
posed and adapted to pass successively through a charg-
ing station 50 and exposure station 51, a first develop-
ment station 52, a first transfer-separation station 53, a
second development station 52a, and a second transfer-
separation station 53a4. and a cleaning station 54.

The charging, exposing, deveioping, and cleaning sta-
tions are conventional in the art of xerography. Thus,
for example, the charging station may be of the type
described in connection with FIGURE 4 comprising a
corona wire 55 operably connected to power supply 56.
The exposure station 51 may include a projection lens
57 or other means of imposing a pattern of light and
shadow to be recorded on the surface of xerographic drum
40. First developing station 52 and second developing
station 52¢ may comprise suitable means or methods
for applying an electroscopic powder or material to the
xerographic drum and may, for example, comprise a fur
brush. ‘

In accordance with the present invention, transfer-sep-
aration station 53 comprises a pair of corotrons electrical-
ly connected to the same power supply €1 in the manner
described in connection with FIGURE 3. Transfer coro-
tron 58 is positioned and disposed to effect the electro-
static transfer of the electroscopically adhering toner
image from the surface of xerographic drum 49 to the
surface of transfer web 5§9. Separation corotron 60 is
positioned and disposed to deposit an electrostatic charge
to neutralize that deposited by transfer corotron 58. The
electrostatic fields of force at the area of separation are
thereby maintained below air breakdown potential so that
separation of the transfer web from the surface of the
xerographic drum may be effected without destruction
of the electrostatic charge pattern. - The electrostatic:
charge pattern is again visualized in this embodiment at
second development station 5%a after which transfer
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of ‘the toner ‘image may again be éffected at second trans-
fer-separation station 53aq. .

Although FIGURE 6 illustrates an embodiment of the
present invention designed to produce only two ‘copies
from an ‘electrostatic charge pattern, this embodiment
may be easily modified to ‘produce -a larger numbér of
copies. A plurality ‘of such developnient and transfer-
‘separation stations ‘may be alternately positioned around
the xerographic drum for additional ‘copies of the charge
pattern, Or, mechanical arrangenients may be em-

‘bodied to allow continuous cycling while the charging

means ‘and the exposure means are maintained in an in-
operative position to -allow production of a predetermined
number of copies.

Although this invention has been described with ref-
erence to the specific structures disclosed in this applica-
tion, ‘it is not intended that this invention be limited by
Rather it is intended that
the claims apply broadly within the ‘spirit ‘and scope of
this invention. ’ :

What is claimed is: :

1. Self-regulating apparatus to successively deposit on
a chargeable surface of an image transfer web ‘a first elec-
trostatic charge and a second €lectrostatic chargé of equal
magnitude and opposite polarify to said first electrostatic

_charge, comprising in ‘combination:

(a) a first corona discharge device comprising corona
wire positioned within a conductive shield;

(b) a second corona discharge device comprising
corona wire positioned within a conductive shield;
and,

(c) an electrically isolated high voltage power supply;
said corona wires of said corona discharge devices being
respectively connected to oppositely poled terminals of
said power supply, said conductive shields being elec-
trically connected, said combination of said corona dis-
charge devices and said power supply being electrically
isolated from its environment, and said corona discharge
devices being disposed so that successive areas of said
web are brought into operative proximity with said first
corona discharge device and said second corona discharge
device respectively.

2. Apparatus according to claim 1 wherein said con-
ductive shields are electrically connected by means of a
variable resistor to controllably reduce corona emission
of said corona -discharge devices.

3. Apparatus according to claim 1 wherein said con-
ductive shields of said corona discharge devices comprise
an integral ‘structure.

4. Apparatus to produce a plurality of duplicate copies
from an original comprising:

(a) a xerographic plate in the form of a drum com-
prising a photoconductive layer overlying a grounded
conductive backing;

(b) means to form an electrostatic charge pattern on
said xerographic plate conforming to said original;

(c) developing means to form a visible toner image
comprising electrically charged powder;

(d) guide means to bring a surface of an image trans-
fer web into contact with said toner image;

(e) self-regulating transfer-separation means compris-
ing a first shielded corona electrode to deposit an
electrostatic -charge on the non-contacting surface
of said web to effect transfer of said powder to the
contacting side of said web and a second shielded
corona electrode to deposit a neutralizing charge
on the non-contacting surface of said web, said
corona electrodes being connected to oppositely
poled terminals of a high voltage power supply, the
respective shields of said electrodes being electrically
connected, and said transfer-separation means being
electrically isolated from its environment; and,

(f) means to move successive portions of said plate
first into operative relation with said electrostatic
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charge pattern forming means and then into opera-
tive relation with a plurality of combinations com-
prising in sequence said developing means, said guide
means and said transfer-separation means. .
5. Apparatus to produce a plurality of duplicate copie

from an original comprising:

(a) a xerographic plate in the form of a drum com-
prising a photoconductive layer overlying an elec-
trically grounded conductive backing;

(b) means to form an electrostatic charge pattern on
said ‘xerographic plate conforming to said original;

(c) developing means to form a visible toner image
comprising electrically charged powder; and,

(d) electrically isolated self-regulating transfer-separa-
tion means comprising a first shielded corona elec-
trode to deposit on the surface of an image receiving
web opposite to that surface of said web brought
into contact with said toner image to effect transfer
of said toner image to the contacting surface of said
web, a second shielded corona electrode to deposit
a neutralizing charge on the non-contacting surface
of said web, and an electrically isolated high voltage

_ power supply, said corona electrodes being connected
to oppositely poled terminals of said high voltage
power supply and respective shields of said elec-
trodes being electrically connected.

6. In xerographic apparatus for successively applying

to a chargeable surface a first electrostatic charge of one
polarity and a second electrostatic charge of equal mag-
nitude and of opposite polarity to that of said first elec-

8

trostatic charge, said apparatus including a- power sup-
ply, a first shielded corona discharge electrode and a sec-
ond shielded corona discharge electrode, the improvement
comprising in combination: :
5 a first corona discharge electrode partly surrounded
by an electrically conductive shield;
a second corona discharge electrode partly surrounded
by an electrically conductive shield;
a power supply including a transformer having a high
10 voltage secondary winding physically separate from
the primary winding; .
means to connect said electrodes to opposite poles of
said power supply; and,
means to electrically comnect the conductive - shields
15 partly surrounding said electrodes.
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