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DOUBLE SCREEN CORONA DEVICE

John T. Bickmore, Rochester, N.Y., and James Hoffman,
Columbus, Ohio;’ said James Hoffman assignor to
Haloid Xerox Inc., Rochester, N.Y., a' corporation of
New York ‘

Filed Mar. 26, 1958, Ser. No. 724,169
11 Claims.  (Cl 250—49.5)

This invention relates to improved means and methods
for electrostatically charging insulating surfaces.

Since the invention of xerography as disclosed in Carl-
son U.S. Patent 2,297,691 there has been a need for means
of .uniformly charging an insulating layer to a uniform
potential of the order of several hundred volts. This need
has been met by positioning one or more corona generat-
ing strands or wires or other ion generating means such
as; an.alpha ray source-adjacent to the insulating surface
and: positioning a set of closely. spaced parallel wires
known ‘as a_ “screen”. between the jon source and the
insulating surface. = A device of this type including corond
génprating wires together with a screen and necessary
insulators and mechanical supports has come to be known
as..a: “scorotron.” . In operation,. the corona. generating
Whﬁes are raised.to a-high corona generating. potential,
either positive or negative, as measured’ with respect to
the insulating surface, the screen is raised. to a much
lower potential of the order of several hundred volts and
of the same polarity as the corona. wires, and the thus
e@ergized scorotron structure is relatively moved in respect
to. the surface of the insulator. This method and appa-
ratus have proven quite satisfactory and are in wide com-
mercial use.

. Recent advances in xerography as shown'in U.S. Patent
2,817,765 and in copending patent application U.S. Serial
No. 706,809, however, depend upon the application of a
uniform ' increment of- charge to an insulating surface
already bearing a nonuniform - charge pattern. = Several
ways of accomplishing this have been found as shown
in the above identified patent -and’ application and also
in:patent application U.S. Serial No. 556,930, now Patent
No. 2,868,989. In each instance there is used a structure
bearing -at least some semblance to the conventional
scorotron . and having a structure resembling Or. corre-
sponding to the scorotron screen but operated at a much

higher potential as, for example, of the order of several.

thousand volts. It has been found that, while these de-
vices will deliver to the insulating surface a charging cur-
rent which is quite independent of charges or potentials
alréady on the insulator, the high screen potential has the
additional effect of accelerating or focusing ions from the
corona generating wires to. the insulating layer with the
result that any nonuniformity in corona generation along
the length of the corona generating wires is converted into
parallel bands of nonuniform charge on the insulating sur-
face. It is almost impossible to generate a completely
uniform corona discharge along a length of ‘wire and, in
particular, it is well-known that it is quite impossible to'do
so with negative corona, which generally takes place ‘at
a multiplicity of discrete points along the wire. This
problem of nonuniform charging does not arise with the
older scorotron because the relatively low screen. poten-
tials result in a relatively 10w ion velocity near the insulat-
ing layer, which low velocity pérmits the ions to diffuse
readily, thus blurring any pattera’ of nonuniform ion gen-
eration. This lateral” diffusion,  however, -cannot take
place where the screen or its counterpart is operated at
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a high potential as. is necessary for applying a"uniform
increment of charge to an insulating layer. ~Nonuniform
charging is highly undesirable in xerography where charge.
patterns are ultimately converted into corresponding visual
image patterns, since streaks of different charge density
are converted into visible streaks.

Now .in accordance with this invention it has been
found possible to add uniform increments of charge to an
insulating surface while eleminating or greatly reducing
charge streaking. .

It js accordingly an object of this invention to provide
improved means and methods for charging ~insulating
surfaces. ‘

It is a further object to provide improved means and
methods for eliminating spurious charge patterns in appa-
ratus for depositing uniform increments of charge to an
insulating layer overlying a conductive support.

- It is a further object to provide a charging device in-
corporating an ion drift space. "
It is'a further object to provide a  double screen

. scorotron.
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It is a still further object to provide an improved
method of applying a uniform increment of charge to an
insulating surface overlying a conductive support wherein
ions are diffused before being accelerated toward the
insulating surface. o

These and further objects will be apparent in the follow-
ing description,-claims, and drawings in which:

- Figure' 1 is an isometric.view of a charging apparatus
according to the present. invention, and; O

Figure 2 is a cross sectional view along line 2—2 of
Fi.gure 1: showing the arrangement of corona’and screen
wires, L . .
'Figure 3 is a graph showing performance of the charg-
ing apparatus under two different operating conditions.

Turning now to Figure 1, supporting frame 10 serves to
position all components and includes a base plate .11
generally made of conductive material upon which is
placed chargeable member 12 comprising insulating layer
13 and conductive support 14. Alternatively, and depend-
ing on the intended usage of member 12, conductive sup-
port 14 may be omitted. . Insuiating layer 13. must have
sufficiently good insulating properties. to retain an electro-
static charge for a reasonable length of. time, which im-
plies a resistivity at leastin the order of 1012 ohm centi-
meters, but'it may also have photoconductive properties
in which'case charging must be carried out in darkness.
A locating stop 15 is fastened to base plate 11 as an aid
in accurately repositioning chargeable member 12, if
desirable. . Two conductive rails 16 and 17 are. posi-
tioned on one side of frame 10 and ‘a third rail 18 is posi-
tioned on the other side. Each rail i securéd to frame
10 but insulated therefrom by insulators 19, -A charging
bar or scorotron 21 is slideably mounted in frame 10 to
pass over chargeable member 12 at a slight ‘distance
therefrom. It comprises a support channel 22, generally
of conductive material, carrying at each end insulating
blocks 23 between which are strung three sets of wires
as shown comprising corona wires 40, inner screen wires
41 and outer screen wires 42. These sets of wires will
be more clearly shown in Figure 2.  As shown, corona
wires 40 are connected to a hanger 26, screen 41 is con-
nected to a hanger 24 and screen 42 is connected to a
hanger 25. An insulating block 43 is included to elec:
trically insulate hangers 24 and 25 from each other.
Charging bar 21 is supported in frame 10 by the hangers
24, 25, and 26 which slide on rails 16, 17,"and 18, respec-
tively. *Each hanger is thus connected to a' separate set
of wires whereby the potential of each set of wires may be
controlled ‘by applying an appropriate potential to the
corresponding rail.© Frame 10 also rotatably supports a
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reversing lead screw 27 which is adapted to move the
charging bar 21 back and forth over chargeable member
12 by means of the lead screw block 28 which engages
the groove in the lead screw. and is attached to support
channel .22.  Electric motor 29, also attached to frame
10, is used to rotaté lead sérew 27 High voltage power
supply 30, as represented by the symbol for a battery,
is connected to base plate 11 and thus to conductive sup-
port 14 through wire 31 and is connected to the three
sets -of wires in charging bar 21 through wires 32, 33,
and 34 connected to rails 16, 17, and 18, respectively.
Conventional control apparatus such as a microswitch, not
shown, may be provided to stop motor 29 and charging
bar 21 after bar 21 passes back and forth over chargeable
member 12 and returns to the starting position as shown.
Alternatlvely,_‘ other mechanical arrangements may be
used. " For éxample, the chargeable member may be
moved . with.respect to a stationary  charging bar or the
chargeable’ mémber may be a flexible web or a cylinder
and move. by ‘charging bar 21 once instead of twice as
described above.

_ In operation chargeable member 12 is placed on base
plate 11 against locating stops 15, and power supply 30
and motor 29 are simultaneously energized causing charg-
ing bar 21 to pass over chargeable member 12 and deposit
charge thereon. The amount of charge applied to the
chargeable member 12 may. bé controlled by varying the
speed at which charging bar 21 moves past chargeable
member 12 and/or, by varying the potentials supplied
by power supply 29 within the operating ranges as will
be set forth later. .

Figure 2 is.a cross sectional view along lines 22 of
Figure 1 of chargmg bar 21. " Support channel 22 is the
same as shown in Figare 1. Three corona wires 40 are
positioned beneath channel 22.- Beneath the corona wires
are.two screens 41 and 42 each comprising a set.of par-
dllel wires; In a partictilarly useful embodiment channel
22 is 134¢ inches wide and spaced 15 inch from the corona

wires which are 3%5 mils in diameter with a wire-to-wire:

spacifig of ¥4 inch. The first screen is spaced %¢ inch
from the corona wires and the second screen is spaced

V4 inch from the first. and is in turn spaced % inch from’

the surface of inisulating layer 13 of Figure 1. The
screéns: are each made of 10-mil wires with a 34s inch
interwire spacmg
generally opérated at the same potential as base plate
11, normally.‘maintained at ground potential, and it is

presently believed that channel 22 may be dispensed with.

1r1 soine c.ases» Thé. corona wires are operated at a suffi-
ciently high voltage positive or negative to create a
corona drscharge This potential depends to a large ex-

tent On the wire diameter but for wires approximately

three and one-half mils in diameter the voltage will be
in the range of 5,000 to 8,000 volts. Smaller wires re-~
quire lower'voltages and larger wires require } ‘ngher volt-
ages as is well known. While three corona wiges are
shown, other’ numbers. may be used. While the screens
have been described as composed of parallel strands of
wire, they may be formed of various other conductive
materials such as woven wire screen, and they may also
take other shapes or forms, which provide apertures bor-
dered by conductive material. This is equivalent to saying
that the screens must be reasonably permeable to ions and
define reasonably equipotential surfaces. Since the cur-
rent flowing in the screens is generally less than a milli-
ampere only a negligible degree of conductivity is required
of the screenis' and' they may be formed of any metal
as well as'many semiconductors, poor insulators or mate-
rials such as carbonized string, or the like. The"corona
generating strands likewise for electrical reasons need not
be made of a good.conductor but are nevertheless pref-
erably. made of a metal for mechanical strength: and
resistance to ion bombardment.

A normal speed. of 2% inches per second has been:
found suitable: for charging bar 21. Figure 3 is a graph

In normal operation channel 22 is
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' 4
showing the performance of a charging bar constructed
as shown in Figure 2 under two different operating con-
ditions. Iii“edch case the ordindte represents the current
delivered to a chargeable member as a function of the
potential on the chargeable member ‘as shown on the
abscissa. The charging current may be conveniently de-
termined by substituting for the chargeable member 12 of
Figure 1 a metal plate insulated from base plate 11 and
connected to it through a microammeter and a power sup-
ply adapted to maintain it at a controllable potential,
Carve A shows the relation between charging current
and voltage when screen 41 is operated at a potential of
1,900 volts and screen 42 is operated at a potential of
1,800 volts. It is apparent that the current delivered to
a surface under these. conditions is quite independent of
the potential on-the surface, which represents one of the
objects of the present invention. Curve B represents a
set of measurements taken under similar conditions ex-
cept that screen 42 was operated at 400 volts. In this
case the charging current ‘delivered to the test surface
was excessively dependent upon the potential at that sur-
face.

In order to deposit charge on insulating layer 13 at a
rate which is substantially mdependent of any ‘charge
pattern already on' layer 13, it is necessary to operate’
screen 42 at a potential at least four and preferably ten
times as high-as the maximum to which layer 13 will be
raised. A voltage in the order of 2,000 volts is quite suit<
able and will be of the same polarity as that applied to
the corona wires-40. Screens 41 must be operated at a
potential relatively close to that of screen 42 in order to’
accomplish the results of the present invention: "It has’
been found that for any given potentlal of screen 41 the
current delivered to layer 13 rises as .the potential on
screen 42 is raised until the potential reaches about two-
thirds of that on screen 41. As the potential on screen’
42 is raised further the current decreases to-a rather low,
valile when the potentlal equals that on screen 41, and'
ceases entirely at a potential from 200 to 400 volts hlgher
than_that of screen 41. It has accordingly been found
désirable to operate screen’ 42 at a potential of about one’
hundred volts less than that of screen 41.

It is to be realized that the forms of the screens as seen’
in a cross-sectional view such as Figure 2 may be altered
over a wide range without interfering with their useful-
ness and the term “parallel” as used in the claims is in--
tended only to refer to the relation existing in planes’
parallel to the length of the corona wires or strands and’
jntersecting the screens.

While the operation of the present mventlon is a demon-=:
strated fact independent of theory, it may be convemently
explained in terms of conventional theory. Corona wires”
41 are used to generate a corona discharge which is a
rich source ot positive and negative gaseous ions.  Since’
screen 41 is at a lower potential than the corona wires,
jons having the same polarity.as the corona wires are ac--
celerated toward and through screen 41. In the absence
of screen 42 the ions drawn through screen 41 would be'
strongly accelerated toward the surface of insulating layer
13 by the strong electric field maintained between screen’
41 and conductive support 14. ‘Although the minimum
free path for ions in ajr is very small; in- presence of
hzgh fields they closely follow the electrostatic field lines-
in spite of repeated collisions with air molecules. Any’
nonuniformities in the generation of ions to the corona:
wires 40 would accordlngly be reproduced as a variation
in.current arriving at the surface of insulating layer 13°
sifice the ioms are effectively focused from the corona
wires 40 to insulating layer 13. In earlier charging de~
vices incorporating-only “one screen, and generally used’
for other purposes than ‘those inténded for the present’
device, this objectionable focusing effect did-rot occur
because the screen was operated at a very much lower-
potential, causing ions to travel from the screen to the

" insulating layer 13 at-a much slower speed thereby permit-
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ting the ions to diffuse aterally and blur out any non-uni:
formity in the stream of ions passing through the screen.
This diffusion, however, caanot occur when the single
screen is operated at the high potentials necessary to give
charge deposition substantially independent of any charges
or- potential pre-existing on a chargeable surface. How-
ever, when two adjacent screens are used and operated
at approximately equal potentials there is provided a
relatively. field-free drift space between. the two .screens.
With this arrangement ions formed at the corona wires
40 are accelerated toward and through screen 41 into the
relatively field-free region existing between screens 41
and 42 where they are.free to spread and diffuse thereby
forming a relatively uniform concentration of ions. Ions
which diffuse past screen 42 or which are forced through
42 by the relatively small potential maintained between
screens ‘41 and 42, are then- strongly: accelerated toward
the surface of insulating layer 13 ‘and because of the
diffusion. which takes place between screens 41 and 42
a substantially uniform deposition of charge takes place
independent of variations on the surface and in spite of
inevitable non-uniformity of corona discharge along co-
rona wires 40.

It is obvious that many variations in structure may be
made without departing from the present inventive con-
cept and such variations are intended to be covered in
the appended claims.

What is claimed is:

1. A unitary structure adapted to operate in air to
apply uniform increments of charge to a surface compris-
ing an elongated gaseous ion source, a first equipotential
foraminous conductive screen extending substantially par-
allel to said elongated ion source and electrically insulated
therefrom, a second equipotential foraminous conductive
screen extending substantially parallel to said first forami-
nous screen while spaced apart and electrically insulated
therefrom, said first screen being positioned between said
second screen and said ion source, and means to apply
independently adjustable potentials to each of said ion
source said first screen and said second screen to provide
a substantially electric field-free drift zone between said
gaseous ion source and the surface to be charged.

2. A unitary structure-adapted to operate in air to
apply uniform increments of charge to a surface compris-
ing an elongated corona discharge source, a first equi-
potential foraminous conductive screen substantially co-
extensive in length with said discharge source positioned
and disposed substantially parallel to said discharge source
and electrically insulated therefrom, a second equipoten-
tial foraminous conductive screen substantially co-exten-
sive in length with said first screen positioned and dis-
posed substantially parallel to said first screen while spaced
apart and electrically insulated therefrom, said first screen
being positioned between said second screen and said dis-
charge source, and a power supply electrically connected
to each of said discharge source, said first screen and
said second screen and - adapted to supply independent
D.C. potentials to each of said ion source, said first screen
and said second screen, said first screen and said second
screen being adapted to provide a substantially  electric
field-free drift zone between said corona discharge source
and the surface to be charged.

3. A unitary structure adapted to. operate in air to
apply uniform increments of charge to a surface com-
prising -a linear structural member, two insulating ele-
ments fastened to and spaced apart by said structural
member in a facing relationship with each other, a corona
discharge element comprising at least one corona gener-
ating wire extending between said insulating elements, a
first equipotential foraminous conductive screen extend-
ing substantially parallel to said corona discharge element
and. spaced apart therefrom, a second equipotential fo-
raminous conductive screen extending between said in-
sulating elements substantially parallel to said first for-
raminous screen while spaced apart therefrom, said first
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6
screen being positioned between said second screen and
said corona discharge element with corona discharge ele-
ment closer to said structural member than said first con-
ductive screen, and said discharge element and each of
said screens being electrically insulated each from the
other, said first screen and. said second, screen being
adapted to provide a substantially electric field-free drift
zone between said discharge element and the surface to
be charged. L

4. Charging apparatus adapted to operate in air to
apply charge to an insulating layer comprising supporting
means to. support an insulating layer in a charging posi-
tion, and to support a unitary scorotron structure, said
structure comprising. discharge means to create corona
discharge positioned spaced apart and substantially par-
allel to said supporting means, a substantially electric
field-free drift zone between said supporting means and
said discharge means, and means to apply a potential in-
dependently to each of said supporting means, said field-
free drift zone and said discharge means.

5. Charging apparatus according to claim 4 including
means to bring about relative motion between said unitary
scorotron structure and said supporting means and means
to maintain said unitary scorotron structure substantially
parallel and equidistant from said supporting means.

6. Charging apparatus adapted to operate in air to
apply uniform increments of charge to an insulating
layer comprising supporting means to support an insulat-
ing layer in a charging position, and to support a unitary
scorotron structure comprising discharge means compris-
ing at least one conductive corona generating wire, a
first equipotential foraminous conductive screen extend-
ing substantially parallel to said discharge means while
spaced apart and electrically insulated therefrom, a sec-
ond equipotential foraminous conductive screen extend-
ing substantially parallel to said first foraminous screen
while spaced apart and electrically insulated therefrom,
said first screen being positioned between said second
screen and said discharge means and said second screen
being positioned facing and nearest to said insulating
layer when in charging position, and means to apply
independent. potentials to each of said ion source, said
first screen said second screen and said supporting means,
said first screen and said second screen being adapted to
provide a substantially electric field-free drift zone be-
tween said discharge means and the insulating layer to
be charged.

7. Apparatus according to claim 6 including means to
cause relative motion between said unitary scorotron
structure and said supporting means and means to main-
tain said scorotron structure substantially equidistant and
substantially parallel from a layer to be charged on said
supporting means.

8. Apparatus according to claim 7 including means to
apply a corona generating potential to said discharge
means and to apply a potential of the same polarity as
that applied -to said discharge means to said first and
said second screens, said screen potentials being substan-
tially equal to each other while at least 4 times the poten-
tial to be applied to an insulating layer on said support
means.

9. Corona charging apparatus adapted to operate in air
for applying a uniform increment of charge density to
an insulating layer overlying a conductive support com-
prising in combination a double screen scorotron, a power
supply, and moving means, said scorotron comprising at
least one conductive corona generating strand, a second
equipotential foraminous screen positioned adjacent and
parallel to said corona generating strand, a first equi-
potential foraminous screen positioned between said sec-
ond screen and said corona generating strand and insulat-
ing supports to maintain said screens and said corona
generating strand in a fixed relationship, said power sup-
ply being adapted to supply a high corona generating
potential to said corona generating strand and lesser
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potentials of the same polarity to the screens, said first
screen and said ‘second screen being adapted to provide
a substantially electric field-free drift zone between said
corona generating strand and the insulating layer to be
charged and each of said screen potentials being approxi-
mately equal and at least ten times the maximum poten-
tial to be applied to the insulating surface, said moving
means’ being adapted to bring about relative motion be-
tween said scorotron and the insulating surface in a direc-
tion perpendicular to the length of the corona generating

2,085,764
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strand while maintaining said second screen parallel to ~°

the surface and at a small uniform distance therefrom.

10. The method of applying uniform increments of
charge in air and at atmospheric pressure to an insulat-
ing surface comprising creating corona discharge at a
corona discharge element, accelerating at least some of
the gaseous ions formed in said discharge into a substan-
tially electric' field-free region, permitting said ions to
diffuse in said field-free region and out of said field-free
region in a direction opposite to’that at which the dis-
charge is created, and strongly accelerating said ions which
have passed through said field-free region to the insulat-
ing surface to be charged.

11. The method of applying a uniform increment of
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charge in air and at atmospheric pressure to an insulating
surface comprising forming a corona discharge about at
least one unipotential strand, accelerating at least some of
the gaseous jons formed in said corona discharge through
a first unipotential grid adjacent and parallel to -said
strand and into a substantially field-free region main*
tained between said first grid and a second adjacent par¢
allel unipotential grid, permitting said ions to diffuse in
said field-free region and through said second grid, -and
strongly accelerating said ions from the second grid to
the insulating surface, said surface being substantially
parallel to said second grid. Com
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