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1
ION PROJECTION COPIER

This invention relates to a copier based upon the fluid
Jet assisted ion projection electrographic marking pro-
cess. A light sensitive ion modulation assembly is used
for controlling the flow of ions in accordance with
optical information projected from an original to be
copied.

The imaging concept utilized herein is described with
respect to a fluid jet assisted ion projection printer in
commonly assigned U.S. Pat. No. 4,463,363 issued July
31, 1984 in the names of Robert W. Gundlach and Rich-
ard L. Bergen, and entitled “Fluid Jet Assisted Ion
Projection Printing”. In the printer described in that
patent, a supply of imaging ions are first generated and
then are placed upon a moving receptor sheet, such as
paper, by means of a linear array of selectively control-
lable, closely spaced, minute air “nozzies”. The ions of
a single polarity, preferably positive, are generated in an
ionization chamber by a high voltage corona discharge
and are then transported to and through the “nozzles”
where they are electrically controlled, within each
“nozzle” structure, by an electrical potential applied to
modulating electrodes therein. Selective application of
control voltages to the modulating electrodes in the
array will enable spots of charge of charge to appear on
the receptor sheet for subsequent development.

A typical modulating structure for this type of printer
is disclosed in commonly assigned copending U.S. Pa-
tent Application Ser. No. 481,132 filed Apr. 1, 1983 in
the names of Nicholas K. Sheridon and Michael A.
Berkovitz and entitled “Modulation Structure For
Fluid Jet Assisted Ion Projection Printing Apparatus”.
A planar marking head is mounted on the ion generat-
ing housing and each electrode thereon is addressed
individually for modulating each nozzle independently.

The printers described in the Gundlach et al patent
and the Sheridon et al application perform upon the
imposition of electrical data on their modulation elec-
trodes. The data may be computer generated and ap-
plied by any conventional data addressing technique.

It would be highly desirable to utilize the principle of
the fluid jet assisted ion projection process, as described
in the Gundlach et al patent, to copy original images
onto an image receptor. We have discovered that this
may be accomplished by causing an optical input to
address a light sensitive modulation assembly. There-
fore, since this marking process is inherently inexpen-
sive to manufacture and is capable of high resolution
output, a low cost copier is feasible.

The present invention may be carried out, in one
form, by providing a charge receptor, an optical system
for projecting incremental images of dark and illumi-
nated areas of an original to be copied, and an optically
controlled ion projector for placing ions upon the
charge receptor in accordance with the projected incre-
mental images of dark and illuminated areas of the origi-
nal. The ion projector ions includes an ion generator
and a source of transport fluid for driving the ions out of
the ion generator through an exit channel defined by a
pair of walls, and a modulation assembly adjacent said
exit channel for controlling the passage of ions there-
through. The modulation means comprises a first source
of potential connected to one of the channel walls, a
light collector through which the images of dark and
illuminated areas are projected, and optically switch-
able means adjacent the light collector which forms the
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other channel wall. A second source of potential, sub-
stantially identical to the first source of potential and a
source of reference potential, different from the first
and second potentials, are connected across the opti-
cally switchable means whereby when the optically
switchable means is dark the other channel wall is at the
second potential and when the optically switchable
means is illuminated the other channel wall is at the
reference potential.

Other objects and further features and advantages of
this invention will be apparent from the following de-
scription considered together with the accompanying
drawings, wherein:

FIG. 1 is a perspective view showing the fluid jet
assisted ion projection printing apparatus of U.S. Pat.
No. 4,463,363,

FIG. 2 is a schematic representation of the modula-
tion structure of FIG. 1 showing “writing”,

FIG. 3 is a schematic representation of the modula-
tion structure of FIG. 1 showing “writing” being inhib-
ited,

FIG. 4 is an elevation view showing a copier appara-
tus utilizing the fluid jet assisted ion projection marking
engine,

FIG. § is an enlarged partial elevation view showing
one form of the light sensitive modulation portion of the
ion projection apparatus,

FIG. 6 is a bottom perspective view of the light sensi-
tive modulation assembly of FIG. 5,

FIG. 7 is an enlarged partial elevation view showing
another form of the light sensitive modulation portion
of the ion projection apparatus.

With particular reference to the drawings, there is
illustrated in FIG. 1, by way of example, an ion projec-
tor 10 comprising three operative zones; a fluid pressure
distribution zone 12, an ion generation zone 14, and an
ion modulation zone 16, within housing 18. Fluid pres-
sure distribution zone includes a plenum chamber 20
into which an ionizable fluid, such as air, may be intro-
duced through several openings 22 passing through side
wall 24. Pressurized air is allowed to escape from the
plenum chamber 20 through metering inlet channel 26
into a cylindrical ion generation chamber 28 having
electrically conductive walls, substantially surrounding
a corona generating wire 30, connected to a high poten-
tial source. Air escapes from the chamber 28 through
exit channel 32, within which, and along one of two
opposing walls thereof, are a number of spaced, electri-
cally controlled, modulation electrodes 34 mounted
upon an insulating substrate 36, and extending in the air
flow direction. The opposite wall 38 of the exit channel
serves as a reference electrode and is connected to a
source of reference potential, such as ground.

Spaced from the ion projector 10 is a backing elec-
trode 40 connected to a high potential source (not
shown) of a polarity opposite to that of the ions. A
planar charge receptor sheet 42, such as paper, passes
over the backing electrode. Ions allowed to escape the
ion projector, through the exit channel 32, are acceler-
ated by the backing electrode toward the charge recep-
tor sheet where they accumulate in an image configura-
tion and are subsequently made visible at a development
station (not shown). )

A schematic representation of the modulation region
is illustrated in FIGS. 2 and 3. A single modulation
electrode 34 and a portion of the grounded opposite
wall 38 are illustarted. These elements bridge the gap
across the exit channel 32, and comprise a capacitor,
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across which a low voltage control potential may be
selectively applied. Thus, an electric field, extending in
a direction transverse to the direction of the transport
fluid flow, may be established between the modulation
electrode and the opposite wall. As the ions under the
influence of a given modulation electrode are relatively
unaffected by the adjacent electrodes, they may be
viewed as individual “beams”.

“Writing” of a single spot in a raster line is illustrated
in FIG. 2 in which a single “beam” is considered. This
condition is accomplished when the modulation elec-
trode 34 is connected to a ground potential source 44
through switch 46. Since there will be no field extend-
ing across the exit channel 32, ions passing therethrough
will be unaffected and will deposit on the charge recep-
tor sheet 42. Conversely, when the modulation electric
field is applied, by closing switch 46 and application of
the low voltage potential of source 48 to the modulation
electrode 34, a charge of the same sign as the ionic
species is imposed upon the electrode. A field will ex-
tend across the exit channel 32 and the ion “beam” will
be repelled (as illustrated in FIG. 3) and driven into
contact with the opposite, electrically grounded, con-
ductive wall 38 where the ions may recombine into
uncharged, or neutral, air molecules. Transport fluid
exiting from the ion projector, in that “beam” zone, will
carry no “writing” ions. Thus, an image-wise pattern of
information is formed by selectively controlling each of
the modulation electrodes in the array, so that the ion
“beams” associated therewith either exit or are inhibited
from exiting the housing, as desired.

The overall configuration of a suggested copier 50
incorporating the ion projection “writing” process is
described with reference to FIG. 4. Although a direct
writing process, in which the copy is made directly
upon a receptor sheet, such as plain or dielectric paper,
s shown, it should be understood that this is only by
way of example. Clearly, a transfer process is also feasi-
ble, wherein an image is initially made upon the surface
of a dielectric drum and is then transferred to a receptor
sheet.

The copier 50 includes a housing 52 over which an
original 54 passes to be optically scanned. An image of
the original will be copied on a sheet, preferably ordi-
nary paper, removed from a stack of receptor sheets 56
by stripping roller 58. As the uppermost sheet is re-
moved from the stack, it is deflected by guide plate 60
into the nip of drive rollers 62 which in turn direct it
between a hot shoe 64 and its associated guide plate 66.
The purpose of the hot shoe is to preheat the paper, to
approximately 150° to 160° C., in order to drive out
moisture and render it less conductive, so that it can
retain a charge. About two-thirds of the moisture con-
tent is driven off during heating, from about 6% to
about 2% by weight. Clearly this portion of the ma-
chine must be adequately vented to prevent moisture
accumulation.

Once heated and dried, the sheet 54 passes through a
narrow entrance slot 68 into the interior of the substan-
tially air-tight housing 52. By severely limiting the in-
troduction of external air into the housing, the interior
may be maintained at a low ambient humidity, so that
the sheet does not reabsorb moisture and become con-
ductive again. This is extremely important since in
order for ordinary paper to retain a charge image, it
should be dry enough that its dielectric relaxation time
is longer than the time between image creation and
toning.
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Furthermore, since hot paper, even when it has been
dried, will not hold a charge, it must be cooled. Essen-
tially, the moisture cannot be totally driven out and the
paper, when hot, will be more conductive when hot
than when cool. The only practical way to make ordi-
nary paper sufficiently insulating to retain a charge
image on its surface is first to heat it to drive off about
two-thirds of the water and then to cool it so that the
remaining water content does not present a problem. In
this way, sheet resistivities on the order of 1015 ohms/sq
range are possible. Therefore, immediately after enter-
ing the housing, the sheet is passed between cooling
rollers 70 which reduce the temperature of the hot
paper to a level where it will be less conductive. In this
manner, the sheet can be made to retain a charge image
for a sufficient length of time.

From the cooling rollers 70 the sheet passes to a
porous, electrically conductive, transport drum 72
which can take many forms, such as, a fine mesh screen,
pressed powdered metal, a fiber mat, or other equiva-
lent configurations. Being air permeable, a suitable suc-
tion device, such as air pump 74, will create a lower
pressure at the interior of the drum for attracting and
retaining a sheet thereon and transporting the sheet past
imaging processing stations. Being electrically conduc-
tive, it will perform its function as a backing electrode
and will attract imaging ions to the sheet. An air imper-
vious plate 76 is positioned at the interior of the drum,
extending between the one o’clock and five o’clock
positions. Thus, in the region of plate 76, no attractive
force will be present at the exterior of the drum, in that
sector, and release of the sheet will be readily effected.

The sheet is next transported past the imaging station
(to be described in detail below) where ions, exiting the
ion projector 78, are deposited, in image configuration
on the sheet. Once past the imaging station, the latent
image is made visible at a development station 80, pref-
erably comprising a trough 82 containing a magnetic
monocomponent toner 84 and a magnetic brush roller
86. As the roller 86 rotates through the trough, it at-
tracts toner and transports it into contact with the sheet
on the transport drum 72. Toner is attracted from the
brush roller to the ion image.

As the lead edge of the sheet passes the five o’clock
position of the transport drum 72 the sheet will be re-
leased and its beam strength directs it to guide plate 88
for redirection into the nip of fuser rollers 90. Finally,
the completed copy is directed out of the housing
through a narrow exit slot 92 into catch tray 94.

Having described the copy sheet transport path and
the associated copy processing elements, the optical
system shall now be discussed. As stated above, the
original 54 is moved across the upper surface of the
housing 52. This may be accomplished by conventional
means, such as a reciprocating platen. During its path of
travel, the original traverses a window 96 through
which its image may be projected. In order to project
enough light energy through the optical system, the
original is illuminated by an elongated light source 98,
which may take the form of a quartz iodine filament
lamp, or some similar device. Additionally, a reflector
100 encircles the lamp for collecting and reflecting the
lamp’s light energy onto the original. As shown, the
reflector is elliptical in shape and the lamp 96 is placed
at one of its focuses. Its other focus is preferably located
in the plane of the original 54. A narrow elongated
opening 102 through the wall of the reflector 100 allows
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the image of a narrow band of the original (represented
by the dotted line) to pass therethrough.

A lens system, preferably in the form of a short opti-
cal length elongated lens strip 104 of the Selfoc or
graded index focusing type receives the projected
image and focusses it upon an elongated light collector
106, which may be in the form of an elongated ribbon,
about 40 mils wide, of suitable light transmissive mate-
rial, such as sapphire. As illustrated, the light collector

- is mounted upon the ion projector 78, at the ion modula-
tion zone, and serves a two-fold purpose, its upper end
collects the optical image and its lower end controls the
ion output in accordance with the illumination pattern.

The ion projector 78 is similar to that shown in FIG.
1, with the exception that the ion modulation structure
is directly optically controlled rather than being con-
trolled by electrical input signals. It comprises a hous-
ing 108 having a plenum chamber 110 into which pres-
surized air is pumped by blower 112. Air flows from the
plenum chamber over corona wire 114 in cylindrical ion
generation chamber 116, and passes out of the housing
through exit channel 118. The exit channel includes the
optical ion modulation structure whose details of con-
struction are most clearly seen in FIGS. 5 to 7.

The projected image of a narrow band of the original
will be focussed upon the curved upper surface 120 of
light collector 106. By coating the upper curved surface
with a thin layer 122 of opaque material, having a very
narrow slot 124 of about 2 mils width only a single
raster line of information will control the ion flow. The
curved upper surface 120 will spread the raster line
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image uniformly, only in the air flow direction, as -

shown, leaving the projected raster line image unaf-
fected and in sharp focus in the direction transverse to
the air flow.

Ion modulation by optical means, in accordance with
this invention, may be achieved with any number of
configurations. In its generic form it is based upon the
principle that a photoconductive layer in the dark can
support an applied voltage equal to a reference voltage
applied to the opposite wall. When light impinges upon
the photoconductor, it becomes conductive and will
shift the surface voltage on the modulating lip of the
exit channel to approach that of an adjacent grounded
substrate.

In the preferred embodiment, illustated in FIGS. 5
and 6, a thin transparent conductive layer 126, such as
NESA glass (Sn, InO5), about 0.05 microns thick, is
disposed upon the lower surface of the light collector
106. A source of reference potential 128, such as
ground, is connected to the NESA layer. A bulk photo-
conductive layer 130, preferably amorphous silicon
(a-Si:H), about 1 to 2 mils thick, is disposed adjacent the
NESA layer. The exposed surface of the photoconduc-
tive layer is suitably masked and doped to a depth of
about 0.1 mils to form a series of parallel p-type fingers
132 and an n+-type crossbar 134. Preferably, the fingers
extend in the air flow direction about 35 mils long and
are about 3.5 mils wide separated from one another by
about 1.5 mils of undoped a-Si:H. They are separated
from the crossbar 134 which extends transversely to the
air flow direction by an isolator strip 136 of undoped
a-Si:H, approximately 3 mils wide.

A potential source 138 of, for example, —20 volts
d.c., is applied to the crossbar 130. A potential source
140, of the same magnitude and polarity as on the cross-
bar, is connected to the opposite wall 38 of the exit
channel 118. In the dark, the bulk photoconductive
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layer 130, including the isolator strip 136, is insulating.
However, because the width of the isolator strip is
small, the space charge limited current through the
isolator strip, between the biased crossbar 134 and the
fingers 132, maintains a bias on the fingers of substan-
tially —20 volts d.c. The bulk photoconductive layer
will be unaffected by the crossbar bias because of its
relatively high effective impedance as compared with
the impedance of the isolator strip. At the same time,
the impedance of the isolator strip must be made large
compared to the impedance of the illuminated bulk
layer 126.

Thus, in the absence of light, the entire modulation
side of the exit slot is maintained at a potential of —20
volts d.c., as is the opposite wall 38. As the field across
the channel is substantially zero, ions traveling there-
through will be unaffected and are allowed to pass out
of the ion projector to be deposited upon a charge re-
ceptor sheet. On the other hand, when light strikes the
bulk a-Si:H photoconductive layer 130, it becomes con-
ductive, effectively forming a short circuit between the
grounded NESA layer 126 and the doped fingers 132
and driving the fingers substantially to ground poten-
tial. As the opposite wall is maintained at —20 volts d.c.
the field across the exit channel drives the ions (usually
positive) passing therethrough to the opposite wall to
inhibit their exiting from the ion projector.

It should be understood that when copying an origi-
nal, incremental areas along the raster line are alter-
nately dark and light in accordance with the image
information. This image information will incrementally
control the bias on individual fingers in the manner
described. With the crossbar 134 extending in the direc-
tion of and coextensive with the raster line, the —20
volts d.c. may be applied to any of the non-illuminated
fingers 132, while the illuminated fingers will be shorted
to the grounded NESA layer 126.

An alternate embodiment is illustrated in FIG. 7. The
light collector 106 is provided with a different photo-
sensing configuration in the modulation region. A thin
(e.g. 0.05 microns) conductive layer 142, such as NESA
glass, extends fully across the light collector in the ras-
ter line dirction and almost all the way across the light
collector in the air flow direction. This conductive
layer is connected to a source of reference potential 144,
such as ground. A bulk undoped crystalline silicon layer
146, about 50 to 60 microns thick, extend uniformly
across the bottom of the light collector. A thin (e.g. less
than 1 micron) resistive layer 148, preferably of p-type
amorphous silicon, having a resistance of about 10°
ohms/cm?, extends over the exposed surface of the bulk
crystalline silicon layer 146 and along the side wall of
the light collector 106. Metal contact electrode 150
mounted upon the resistive layer 146 connects it with a
potential source 152 of about —20 volts d.c. Another
potential source 154 of the same polarity and magnitude
is connected to the opposite wall 38 of the exit channel
118. Although the photoconductor controlled modula-
tion region of this embodiment does not have fingers for
discrete area control, as does the embodiment of FIGS.
§ and 6, the sheet resistance of the amorphous silicon
layer 146 allows dark and light areas of the projected
raster line to control similar lateral portions adjacent
the exit channel.

In operation, in the dark areas, the bulk silicon layer
acts like an insulator so that the voltage on the surface
of the amorphous silicon resistive layer 148 is deter-
mined by the applied voltage of the source 152. Since
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the voltage on the opposite wall 38 is the same, the ions
will exit the ion projector. In the illuminated areas the
bulk crystalline silicon layer 146 becomes conductive
and effectively shorts out the applied voltage. The thin
amorphous silicon layer 148 should have a high enough
resistance so that it cannot supply enough current to
maintain the applied potential and the surface potential
will approach ground. This condition will establish a
field across the exit channel 118 and will deflect ions,
inhibiting their passage through the ion projector.

It should be understood that the present disclosure
has been made only by way of example and that numer-
ous changes in details of construction and the combina-
tion and arrangement of parts may be resorted to with-
out departing from the true spirit and the scope of the
invention as hereinafter claimed.

What is claimed is: )

1. A fluid jet-assisted ion projection copier character-
ized by comprising

a charge receptor,

means for projecting incremental images of dark and
illuminated areas of an original to be copied,

means for projecting ions upon said charge receptor
in accordance with said projected incremental im-
ages of dark and illuminated areas of said original,
said means for projecting ions including an ion
generator and a source of transport fluid for driv-
ing ions out of said ion generator through an exit
channel defined by a pair of walls, and

modulation means adjacent said exit channel for con-
trolling the passage of ions therethrough, said mod-
ulation means comprising:

a. a first source of potential connected to one of said
walls,

b. alight collector through which said images of dark
and illuminated areas are projected,

c. optically switchable means located to receive light
from said light collector and including first con-
ductive means, second conductive means and pho-
toconductive means sandwiched between said first
and said second conductive means, and wherein
said second conductive means forms the other of
said walls,

d. a second source of potential, substantially identical
to said first source of potential, electrically con-
nected to said second conductive means,

e. a source of reference potential, different from said
first and second potentials, connected to said first
conductive means,

whereby when portions of said optically switchable
means are dark, corresponding portions of said
other wall maintain said second potential and when
portions of said optically switchable means are
illuminated, corresponding portions of said other
wall maintain said reference potential.

2. The fluid jet ion projection copier as defined in
claim 1 characterized in that said light collector com-
prises a transparent body having a curved illumination
entry surface for spreading optical information across
said switchable means in the ion flow direction.

3. The fluid jet ion projection copier as defined in
claim 2 characterized in that a thin opaque layer having
a centrally located slit extending in a direction trans-
versely to said ion flow direction overlies said curved
illumination entry surface.

4. The fluid jet ion projection copier as defined in
claim 1 characterized in that said photoconductive layer
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comprises an amorphous silicon layer and said second
conductive means is disposed adjacent said exit channel
and comprises an array of fingers extending in the ion
flow direction and a crossbar, spaced from the ends of
said fingers, extending in a direction transversely to said
ion flow direction. ’

5. The fluid jet ion projection copier as defined in
claim 4 characterized in that said first conductive means
comprises a NESA layer, said amorphous silicon layer
is substantially undoped and said array of fingers and
said crossbar are doped amorphous silicon separated by
an isolator strip of said substantially undoped amor-
phous silicon.

6. The fluid jet ion projection copier as defined in
claim 1 characterized in that said photoconductive layer
comprises a crystalline silicon layer and said second
conductive means is disposed adjacent said exit channel
and comprises a doped amorphous silicon layer.

7. The fluid jet ion projection copier as defined in
either claim 1, 2 or 3 characterized by further including

a housing for enclosing a number of processing sta-

tions,

transport means within said housing for moving said

charge receptor past said processing stations,

one of said processing stations comprising said means

for projecting ions, and

another of said processing stations comprising devel-

opment means for rendering said charge image
visible on said charge receptor.

8. The fluid jet ion projection copier as defined in
claim 7 characterized in that said charge receptor is a
sheet of paper, said housing is provided with sealing
means for maintaining a controlled moisture environ-
ment at its interior, said transport means is an electri-
cally conductive drum, securing means is provided for
attaching said sheet to said drum, releasing means is
provided for removing said sheet from said drum, and
fusing means is provided in said housing for fixing said
developed image to said sheet.

9. The fluid jet ion projection copier as defined in
claim 8 characterized in that said drum is air permeable,
said securing means is a source of low air pressure con-
nected to the interior of said drum, and said means for
releasing is an air impermeable member located adja-
cent to the interior of said drum.

10. The fluid jet ion projection copier as defined in
claim 8 characterized by further including heating
means at the exterior of said housing for driving mois-
ture out of said sheet, and cooling means at the interior
of said housing for reducing the temperature of said
sheet prior to projecting ions thereon.

11. The fluid jet ion projection copier as defined in
claim 7 characterized in that said charge receptor com-
prises an electrically conductive drum bearing an insu-
lating coating on its surface.

12. The fluid jet ion projection copier as defined in
claim 11 characterized by further comprising means for
transferring a developed image from said insulating
coating to a copy sheet, and means for fixing the devel-
oped image on said copy sheet.

13. The fluid jet ion projection copier as defined in
claim 7 characterized by further including illumination
means directed at said original, and means for receiving
said illumination and focussing the image of said origi-

nal on said curved illumination entry surface.
x %k % % x



