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(54) Image recording apparatus and printing method
(57)  An electrostatic printer comprises a toner sup- ber (140;240), such as a roller, is disposed in proximate

ply for providing charged toner particles, a particle-flow
modulating electrode member (120;220), which
includes an aperture portion (113;213) that has a plural-
ity of apertures and a back electrode (130;230) dis-
posed in opposed relation with a surface of the
modulating electrode member (120;220). A control cir-
cuit applies controlled electric signals to the modulating
electrode member (120;220) and the back electrode
(130;230), so as to cause streams of the charged toner
particles to flow through selected ones of the apertures,
toward the back electrode (130;230). A pressure mem-

opposed relation with a surface of the back electrode
(130;230), so that a recording medium, such as a sheet
of paper, interposed between the back electrode
(130;230) and the pressure member (140;240) is
pressed between the pressure member (140;240) and
the surface of the back electrode (130;230) at directly
opposing surface locations of the recording medium. A
heating circuit is coupled with the back electrode or the
pressure member for fusing the charged toner particles.

FIG. 1
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Description

The invention is generally directed to image record-
ing apparatus and in particular to the field of printers
and more specifically directed to the field of electrostatic
printers.

Printers are common in both offices and homes.
Printers employing an electro-photographic print proc-
ess, for example laser printers, are particularly popular
because they are provide high print quality at an afford-
able price. Unfortunately, the electro-photographic print
process is relatively complex and requires a bulky appa-
ratus. In accordance with teachings of the prior art, an
electro-photographic print cycle includes the following
six steps.

In a first step, a photo conductor such as a Sele-
nium drum or an organic photo conductor drum is elec-
trically charged. In a second step the photo conductor is
selectively discharged using a scanning laser beam to
produce a latent image. Laser beam scanning optics
and space needed for an optical scanning path greatly
contribute to both size and complexity of electrophoto-
graphic printers.

In a third step, the latent image is developed using
electrically charged toner particles that are electrostati-
cally attracted to the latent image of the photo conductor
so as to produce a toner image. It should be particularly
noted that imaging in the electro-photographic printer is
indirect, since toner image is not formed until after the
latent image is formed. Accordingly, there is no direct
toner imaging practiced in electro-photographic printing.

In a fourth step, the toner image is transferred to
paper. In a fifth step a pair of fusing rollers apply heat to
fix the toner image to the paper. In a sixth step the photo
conductor is cleaned so that the cycle can be repeated.

Although these six steps have been greatly refined
in recent years, much of the complexity and bulkiness of
electro-photographic printers still remains. One way of
reducing complexity and bulkiness of the prior art is to
simplify printing by eliminate steps. For example, by
eliminating the photo conductor, steps are eliminated.
However the fact that most electro-photographic print-
ers today retain the full six step cycle attests to the diffi-
culty of eliminating any of the steps.

Another limitation of electro-photographic printers
of the prior art is that the fusing rollers are positioned
remotely from the photo conductor to provide thermal
isolation therefrom. Thermal isolation is employed in the
prior art because the photo conductor could be dam-
aged by heat, and because design of the photo conduc-
tor is optimized for its photo conducting function without
accepting heat from any fusing rollers.

The remote positioning of fusing components dis-
advantageously adds to printer size and also has some
potentially detrimental effects on print quality. In particu-
lar, before the toner image is fused by the fusing rollers,
charged toner particles of the toner image have oppor-
tunity to repel each other, possibly increasing toner dot
size and decreasing print resolution. As positioning dis-
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tance of the remote positioning of fusing components is
increased, chances of degrading print quality are also
increased.

While the prior art provides many advantages, size
and complexity difficulties still remain. Because of the
difficulties associated with the photo conductor dis-
cussed previously herein, it is desirable to somehow
eliminate the photo conductor, in favor of a simplified,
more direct way of producing the toner image. Further-
more, because of the difficulties associated with remote
location of fusing components, a more compact
arrangement is desirable.

What is needed is simplified, efficient, and compact
electrostatic printing using proximately located fusing
components and using direct toner imaging.

The present invention provides simplified, efficient
and compact electrostatic printing using proximately
located fusing components and using direct toner imag-
ing. Accordingly, the present invention is not burdened
by a photo conductor, laser beam scanning optics and
space requirements of an optical scanning path, which
greatly contribute to both size and complexity of electro-
photographic printers of the prior art. Furthermore, the
present invention is not burdened by remote positioning
of fusing components as in the prior art, which disad-
vantageously adds to printer size and affects print qual-
ity.

Briefly, and in general terms, the present invention
includes a toner supply for providing charged toner par-
ticles, and a particle-flow modulating electrode member,
which includes an aperture portion that has a plurality of
apertures. The invention further includes a back elec-
trode disposed in opposed relation with a surface of the
modulating electrode member. A control circuit applies
controlled electric signals to the modulating electrode
member and the back electrode, so as to cause streams
of the charged toner particles to flow through selected
ones of the apertures, toward the back electrode.

A pressure member, such as a roller, is disposed in
proximate opposed relation with a surface of the back
electrode, so that a recording medium, such as a sheet
of paper, interposed between the back electrode and
the pressure member is pressed between the pressure
member and the surface of the back electrode at directly
opposing surface locations of the recording medium. In
the preferred embodiment, a heating circuit is coupled
with the back electrode for heating the back electrode to
a temperature sufficiently high for fusing the charged
toner particles. In an alternative embodiment, the heat-
ing circuit is coupled with the pressure member for heat-
ing the pressure member.

Such proximate arrangements of components for
fusing the toner greatly contributes to desired the com-
pactness of the present invention. Furthermore, in
accordance with principles of the invention, print quality
is improved by the proximate positioning of fusing com-
ponents because charged toner particles have little
opportunity to repel each other before being fused.
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Other aspects and advantages of the present
invention will become apparent from the following
detailed description, taken in conjunction with the
accompanying drawings, illustrating by way of example
the principles of the invention

FIG. 1 shows a side view of a partial schematic dia-
gram of a preferred embodiment of the invention.

FIG. 2 shows a side view of a partial schematic dia-
gram of an alternative embodiment of the invention.

As shown in FIG. 1 and discussed in detail subse-
quently herein, the invention provides efficient and com-
pact electrostatic printing using proximately located
fusing components and using direct toner imaging. FIG.
1 shows a cross-sectional side view of a partial sche-
matic diagram of a preferred embodiment of the inven-
tion. For illustrative purposes, a notional set of mutually
perpendicular x, y, and z axes are drawn in FIG. 1, with
it being understood that the x-axis extends outwardly
from the page of the two dimensional side view of FIG.
1.

A toner supply provides charged toner particles.
For example, as shown in FIG. 1, a mass of toner parti-
cles T is stored proximate to a rotatable toner roller 103
so that a surface of the toner roller engages toner parti-
cles as the toner roller rotates. Due to frictional contact
with the toner roller, the toner particles collect a static
electric charge. Some of the charged toner particles dis-
engage from the toner roller to flow in a y-axis direction
towards an aperture portion 113 of a particle-flow mod-
ulating electrode member 120.

The aperture portion 113 of the particle-flow modu-
lating electrode member 120 has a plurality of aper-
tures. FIG. 1 shows a cross-sectional side view of one of
the apertures. The electrode member is generally a
plate like member having a preferred rectangular shape,
and including an insulating layer 121, a reference elec-
trode layer 122, and an array of control electrodes 123.
The reference electrode 122 is formed on a first one of
two opposing major surfaces of the insulating layer 121,
which is located on the side of the toner roller 103, while
the array of control electrodes 123 is formed on another
one of the two opposing major surfaces of the insulating
layer, such that the control electrodes takes the pre-
ferred form of elongated parallel strips which extend in a
z-axis direction and are spaced apart from each other in
an x-axis direction. The x-axis and z-axis directions
define an x-z plane parallel to the plane of the insulating
layer 106.

The particle flow modulating electrode member 120
has a multiplicity of the apertures arranged ina row in a
middle portion thereof as viewed from the z-axis direc-
tion. Each of the apertures is formed through the insu-
lating layer 121, the reference electrode layer 122, and
a respective one of the control electrodes 123.

As shown in FIG. 1, the invention further includes a
back electrode 130 disposed in opposed relation with
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the major surface of the modulating electrode member
and the toner roller 103. In the preferred embodiment,
the back electrode comprises a rotatable conducting
drum, such as an Aluminum drum, having an outer sur-
face and further having a thin layer, for example approx-
imately twenty five microns thick, of a toner release
promoting plastic such as silicone rubber or such as pol-
yvinylflouridine, alternatively known as Teflon, substan-
tially covering the outer surface of the drum. For the
sake of simplicity, the toner release promoting plastic
layer is not shown in FIG. 1.

A control circuit applies controlled electric signals to
the modulating electrode member and the back elec-
trode, so as to cause streams of the charged particles to
flow through selected ones of the apertures, in a y-axis
direction toward the back electrode. For example, as
shown in FIG. 1, the reference electrode layer 122 is
connected to ground, while each one of the control elec-
trodes 123 is electrically connected to a modulating sig-
nal source indicated at S in FIG. 1. The back electrode
is electrically connected to a high voltage source, Hi V,
so that streams of the charged toner particles that are
first selected by the modulating signal source to flow
through the apertures are then electrostatically
attracted to the back electrode 130 to deposit the
charged toner particles onto the drum surface of the
back electrode as the drum rotates. Accordingly, in the
preferred embodiment shown in FIG. 1, atoner image is
directly applied to the drum surface of the back elec-
trode 130 as the drum rotates. It should be understood
that although FIG. 1 shows toner particles from a single
toner supply deposited onto the back electrode, the
invention is not strictly limited to a single toner supply,
since a plurality of different colored toner supplies may
alternatively be used so that a color toner image is
directly applied to the back electrode.

A pressure member 140, such as a roller, is dis-
posed in proximate opposed relation with a surface of
the back electrode 130, so that a recording medium P,
such as a sheet of paper, moving in a z-axis direction is
interposed between the back electrode 130 and the
pressure member 140 and is pressed between the pres-
sure member 140 and the surface of the back electrode
130 at directly opposing surface locations of the record-
ing medium. As the recording medium moves in the z-
axis direction, the toner image is transferred from the
drum surface of the back electrode onto a surface of the
recording medium and is fused onto the recording
medium by heat flowing through the back electrode.

In the preferred embodiment, a heating circuit is
thermally coupled with the back electrode for heating
the back electrode to an appropriate temperature suffi-
ciently high for fusing the charged toner particles. For
example, in the preferred embodiment shown in FIG. 1,
the heating circuit includes a thin film resistor 150 ther-
mally coupled with the back electrode. A thermally con-
trolled current source, |, is electrically coupled with the
thin film resistor 150 for maintaining the resistor and the
back electrode at the appropriate temperature. How-
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ever, it should be understood that the present invention
is not strictly limited to a heating circuit using the thin
film resistor, since alternative heating circuits thermally
coupled with the back electrode may be used with ben-
eficial results. For example, in some alternative embod-
iments, a quartz heating lamp is used in place of the thin
film resistor. In other alternative embodiments, the heat-
ing circuit is coupled with the pressure member for heat-
ing the pressure member. Such proximate
arrangements of components for fusing the toner
greatly contributes to the desired compactness of the
present invention.

FIG. 2 shows a cross-sectional side view of a partial
schematic diagram of an alternative embodiment of the
invention. For illustrative purposes, a notional set of
mutually perpendicular x, y, and z axes are drawn in
FIG. 2. In the alternative embodiment, a plurality of dif-
ferent toner supplies provide charged toner particles of
different colors. For example, as shown in FIG. 2, a
mass of yellow toner particles Ty, a mass of magenta
toner particles Ty,, and a mass of cyan toner particles,
T¢, are each stored proximate to a respective rotatable
toner roller 203 so that the toner rollers engage toner
particles as the toner rollers rotate. Due to frictional con-
tact with the toner rollers, the toner particles collect a
static electric charge. Some of the charged toner parti-
cles disengage from the toner rollers to flow in a y-axis
direction towards an aperture portion 213 of a respec-
tive one of a plurality of particle-flow modulating elec-
trode members 220.

The aperture portion 213 of each particle-flow mod-
ulating electrode member 220 has a plurality of aper-
tures. FIG. 2 shows a cross-sectional side view of a
respective one of the apertures of each electrode mem-
ber 220. Each electrode member is generally a plate
like member including a respective insulating layer 221,
a respective reference electrode layer 222, and respec-
tive array of control electrodes 223, similar to that which
is discussed in detail previously herein with respect to
the preferred embodiment of FIG. 1.

As shown in FIG. 2, the invention further includes a
back electrode 230 disposed in opposed relation with
the major surface of each of the modulating electrode
members and the toner rollers. In the alternative
embodiment shown in FIG. 2, the back electrode com-
prises a flexible rotatable conducting belt of stainless
steel, or alternatively of polyimide coated with an alumi-
num layer approximately three hundred to five hundred
nanometers thick. The belt of the back electrode 230 is
positioned proximate to the particle-flow modulating
electrode members 220, but is positioned a sufficient
distance away from the modulating electrode members
s0 as to provide a space therebetween through which a
recording medium P, such as a sheet of paper, is fed
along a feed path as the belt rotates.

A control circuit applies controlled electric signals to
the modulating electrode members and the back elec-
trode, so as to cause streams of the charged toner par-
ticles to flow through selected ones of the apertures, in
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a y-axis direction toward the back electrode. For exam-
ple, as shown in FIG. 2, the reference electrode layer of
each member is connected to ground, while each one of
the control electrodes is electrically connected to a
respective modulating signal source for controlling yel-
low toner indicated at Sy, for controlling magenta toner
indicated at Sy and for controlling Cyan toner indicated
at Sc.. The back electrode is electrically connected to a
high voltage source, Hi V, so that streams of the
charged toner particles that are first selected by the
modaulating signal sources to flow through the apertures
of each modulating member are then electrostatically
attracted by the back electrode so as to deposit the
charged toner particles onto a surface of the recording
medium as the recording medium moves along the feed
path. Accordingly, in the alternative embodiment shown
in FIG. 2, a color toner image is directly applied to the
surface of the recording medium P as the recording
medium moves along the feed path. It should be under-
stood that although FIG. 2 shows toner particles depos-
ited directly onto the recording medium, the invention is
not to be strictly limited by this embodiment, since in
other alternative embodiments the belt of the back elec-
trode is substantially coated with a toner release pro-
moting plastic and toner particles are first deposited
onto the belt of the back electrode before being trans-
ferred to the recording medium.

In the embodiment shown in FIG. 2, a pressure
member 240, such as a roller is disposed in proximate
opposed relation with a surface of the back electrode,
so that the recording medium moving in a z-axis direc-
tion is interposed between the back electrode and the
pressure member and is pressed between the pressure
member 240 and the surface of the back electrode 230
at directly opposing surface locations of the recording
medium. As the recording medium moves in the z-axis
direction, the toner image is fused onto the recording
medium by heat flowing through the pressure member
240.

In the alternative embodiment, a heating circuit is
thermally coupled with the back electrode for heating
the pressure member to an appropriate temperature
sufficiently high for fusing the charged toner particles.
For example, in the alternative embodiment shown in
FIG. 2, the heating circuit includes a thin film resistor
250 thermally coupled with the pressure member 240. A
thermally controlled current source, |, is electrically cou-
pled with the thin film resistor for maintaining the resis-
tor and the pressure member at the appropriate
temperature. In another alternative embodiment, the
heating circuit is coupled with the belt of the back elec-
trode for heating the a region of the belt of the back elec-
trode.

The present invention provides simplified, efficient
and compact electrostatic printing using proximately
located fusing components and using direct toner imag-
ing. Although specific embodiments of the invention
have been described and illustrated, the invention is not
to be limited to the specific forms or arrangements of
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parts so described and illustrated, and various modifica-
tions and changes can be made without departing from
the scope of the invention. Within the scope of the
appended claims, therefore, the invention may be prac-
ticed otherwise than as specifically described and illus-
trated.

Claims
1. Animage recording apparatus, comprising:

a toner supply for providing electrostatically
charged toner particles;

a particle-flow modulating electrode member
(120; 220) including an aperture portion (113;
213) that has a plurality of apertures;

a back electrode (130; 230) disposed in
opposed relation with a surface of said
modulating electrode member (120; 220) which
is remote from said toner supply;

a control circuit for applying controlled electric
signals to said modulating electrode member
(120; 220) and said back electrode (130; 230),
for causing streams of said charged toner par-
ticles to flow through selected ones of said
apertures toward said back electrode (130;
230); and

a pressure member (140; 240) disposed in
proximate opposed relation with a surface of
the back electrode (130; 230), so that a record-
ing medium interposed between the back elec-
trode (130; 230) and the pressure member
(140; 240) is pressed between the pressure
member (140; 240) and the surface of the back
electrode (130; 230) at directly opposing sur-
face locations of the recording medium.

2. Animage recording apparatus as in claim 1 further
comprising a heating circuit coupled with the back
electrode for heating the back electrode to a tem-
perature sufficiently high for fusing the charged
toner particles.

3. Animage recording apparatus as in claim 1 further
comprising a heating circuit coupled with the pres-
sure member for heating the pressure member to a
temperature sufficiently high for fusing the charged
toner particles.

4. An apparatus as in claim 1 wherein the back elec-
trode includes a substantially drum shaped surface.

5. An apparatus as in claim 1 wherein the back elec-
trode includes a flexible belt.

6. A printing method comprising the steps of:

providing a toner supply of electrostatically
charged toner particles, a particle-flow modu-
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8

lating electrode member (120; 220) having a
surface and apertures therein, and a back elec-
trode disposed in opposed relation with a sur-
face of said modulating electrode member
(120; 220), which is remote from said toner

supply;

applying controlled electric signals to said
modulating electrode member (120; 220) and
said back electrode, so as to causing streams
of said charged toner particles to flow through
selected ones of said apertures toward said
back electrode; and

heating the back electrode to a temperature
sufficiently high for fusing the charged toner
particles.
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