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(54) A device for direct electrostatic printing with a conventional printhead structure and AC-

coupling to the control electrode

(57) A device for direct electrostatic printing is pro-
vided comprising means for creating a flow of charged
toner particles (102) from a means (103) for delivering
charged toner particles, having a surface bearing toner
particles, to an image receiving substrate (108) apply-
ing a DC-potential difference between the means for
delivering charged toner particles and the image receiv-
ing substrate and a printhead structure (106) having
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control electrodes (106a), interposed in the flow of toner
particles for image-wise controlling the flow of toner par-
ticles, the printhead structure controlling the flow of
toner particles by switching an AC-field (119) between
the toner delivery means and the control electrodes on
for pixels of image density and off for pixels of no image
density.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to a method and an
apparatus used in the process of electrostatic printing
and more particularly in Direct Electrostatic Printing
(DEP). In DEP, electrostatic printing on an image receiv-
ing substrate is performed by creating a flow of toner
particles from a toner bearing surface to the image
receiving substrate and image-wise modulating the flow
of toner particles by means of an electronically address-
able printhead structure.

BACKGROUND OF THE INVENTION

[0002] In DEP (Direct Electrostatic Printing) the toner
or developing material is deposited directly in an image-
wise way on a receiving substrate, the latter not bearing
any image-wise latent electrostatic image. The sub-
strate can be an intermediate endless flexible belt (e.g.
aluminium, polyimide etc.). In that case the image-wise
deposited toner must be transferred onto ancther final
substrate. Preferentially the toner is deposited directly
on the final receiving substrate, thus offering a possibil-
ity to create directly the image on the final receiving sub-
strate, e.g. plain paper, transparency, etc. This
deposition step is followed by a final fusing step.

[0003] This makes the method different from classical
electrography, in which a latent electrostatic image on a
charge retentive surface is developed by a suitable
material to make the latent image visible. Further on,
either the powder image is fused directly to said charge
retentive surface, which then results in a direct electro-
graphic print, or the powder image is subsequently
transferred to the final substrate and then fused to that
medium. The latter process results in an indirect elec-
trographic print. The final substrate may be a transpar-
ent medium, opaque polymeric film, paper, etc.

[0004] DEP is also markedly different from electropho-
tography in which an additional step and additional
member is introduced to create the latent electrostatic
image. More specifically, a photoconductor is used and
a charging/exposure cycle is necessary.

[0005] A DEP device is disclosed in e.g. US-A-3 689
935 This document discloses an electrostatic line
printer having a multi-layered particle modulator or
printhead structure comprising :

- alayer of insulating material, called isolation layer ;

- a shield electrode consisting of a continuous layer
of conductive material on one side of the isolation
layer ;

- a plurality of control electrodes formed by a seg-
mented layer of conductive material on the other
side of the isolation layer ; and

- atleast one row of apertures.
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[0006] Each control electrode is formed around one
aperture and is isolated from each other control elec-
trode.

[0007] Selected electric potentials (only DC-poten-
tials) are applied to each of the control electrodes while
a fixed potential is applied to the shield electrode. An
overall applied propulsion field between a toner delivery
means and a support for a toner receiving substrate
projects charged toner particles through a row of aper-
tures of the printhead structure. The intensity of the par-
ticle stream is modulated according to the pattern of
potentials applied to the control electrodes. The modu-
lated stream of charged particles impinges upon a
receiving substrate, interposed in the modulated parti-
cle stream. The receiving substrate is transported in a
direction orthogonal to the printhead structure, to pro-
vide a line-by-line scan printing. The shield electrode
may face the toner delivery means and the control elec-
trodes may face the receiving substrate. A DC-ield is
applied between the printhead structure and a single
back electrode on the receiving substrate. This propul-
sion field is responsible for the attraction of toner to the
receiving substrate that is placed between the printhead
structure and the back electrode.

[0008] A DEP printer wherein the printhead structure
is a mesh instead of a insulating base with printing aper-
tures trough this base has been disclosed in US-A-5
036 341. In this disclosure it is taught to introduce an
AC-field with frequency between 2 and 5 kHz and peak
voltages between 500 and 2000 V on the toner delivery
means in order to speed up the printing.

[0009] One of the recognised problems with both of
these types of printhead structures, the printing aper-
tures are easily clogged by toner particles when the
DEP device is used over a longer period of time.

[0010] This problem of clogging of the printing aper-
tures has been addressed in several ways. In e.g. US-
A-4 491 855 different measures are disclosed to mini-
mise clogging . It is proposed in this disclosure to pro-
vide a conveying member on which a layer of toner
particles is deposited and to apply an AC voltage (300 V
peak to peak and frequency of 4.5 kHz) between the
toner conveying member and the continuous layer of
conductive material (shield electrode) on the printhead
structure. Due to this AC voltage the toner particles
"jump" between the toner conveying member and the
surface of the printhead facing said toner conveying
member. It is believed that the "touching” toner particles
will assist in delaying the contamination of the printhead
structure and clogging of the apertures. In this disclo-
sure also a special design of the apertures in the print-
head structure and a special selection of the material
from which the printhead structure is made is also
claimed to assist in delaying the clogging. A last meas-
ure which is proposed is to 'clean’ the printhead struc-
ture by periodical electric bursts (spark discharges).
Also in US-A-4 478 510 the use of a spark discharge to
remove toner particles adhered to the printhead is dis-
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closed.

[0011] In US-A-4 876 561 clogging of the printhead is
prevented by making the apertures large enough and/or
the thickness of the isolating layer small enough.
[0012] In US-A-4 903 050 an AC voltage is applied to
the back electrode as in US-A-4 755 837, but this dis-
closure recommends the addition of a shutter and vac-
uum system is in order to prevent the dislodged toner to
fall onto the receiving substrate.

[0013] In US-A-5 095 322 clogging of the apertures is
prevented by applying to the shield electrode a pulsed
DC-voltage which is 180° out of phase if compared with
the AC-voltage applied to the charged toner conveyor.
In an other embodiment a DC-biased AC voltage is
applied to the shield electrode with the same frequency
as the AC voltage applied to the charged toner conveyor
but 180° out of phase is used to prevent clogging of the
apertures in the printhead.

[0014] Also mechanical ways to prevent clogging or to
clean the printing apertures have been disclosed. In,
e.g., US-A-5 153 611, US-A-5 202 704, US-A-5 233
392 it is disclosed to prevent clogging of the printing
apertures by using an ultrasonic vibration applied to the
printhead. In US-A-5 283 594 the level of vibration
applied to the printhead is different during writing time
and cleaning time. In US-A-5 293 181 the printhead is
vibrated in such a way that a mechanical propagating
wave is created.

[0015] In US-A-5 307 092 an anti-static coating is
applied to the electrodes in the printhead so that any tri-
bocharge that accumulates during writing can be
grounded. As a result the net tribocharge on the print-
head (which is unwanted and is responsible for unpre-
dictable results and clogging) is removed and a better
long-time performance results.

[0016] In WO-A-90 14959 the printhead is treated with
pressurised air or vacuum so that the individual toner
particles do not adhere to the printhead for such a large
amount if compared with a printing engine not using the
air treatment. In the same document an additional
improvement is described where by the magnetic toner
particles are removed from the printhead by using a
much stronger magnetic field during the cleaning cycle
than during the writing cycle.

[0017] In US-A-4 755 837 an AC voltage is used for
the backing electrode during the cleaning cycle. In a
preferred embodiment the AC voltage on the back elec-
trode is phase shifted by 180° if compared with the AC
field (400 V peak to peak, no frequency disclosed) that
is used upon the charged toner conveyor which is
needed to obtain a high toner mist production, leading
to high optical densities and short printing times. Fur-
ther on the AC voltage can also have a certain DC-off-
set.

[0018] In US-A-5526 029 itis disclosed to use ionised
air for blowing over the printhead so that the electro-
static interaction Of the toner particles with the print-
head is reduced and the toner particles are removed
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more easily from it than if compared with patent applica-
tion WO-A 90 14959 where the air used is not pre-
treated at all.

[0019] In EP-A-780 740 a printhead structure, for a
DEP (Direct Electrostatic Printing) device is disclosed
that comprises an insulating material, a slit, formed by
two sides (SA and SB) of said insulating material, as
printing apertures and control electrodes characterised
in that only one of said two sides forming said slit carries
control electrodes. In such a printhead structure the
chance of clogging of the printing apertures is lower
than in printhead structures wherein fine (maximum
dimension around 400 um) circular, elliptical, rectangu-
lar or square printing apertures are used.

[0020] In US-A-5 625 392 an edge electrode is
described so that instead of individual apertures or a
larger slit as described in EP-A-780 740 an even larger
free zone between the toner applicator and the receiver
exists, resulting in even better properties regarding
clogging of the printhead structure.

[0021] Said edge electrode system proposed in US-A-
5 625 392 suffers however from the drawback that, in
order to obtain a good image contrast between image
parts of low density and image parts of high density, the
overall applied propulsion field between the toner appli-
cator and the receiver on the back electrode must be set
to a rather low value, leading to only a moderate printing
speed.

[0022] In US-A-5 374 949 an ACHield is superim-
posed upon the voltage applied to the individual control
electrodes. Two different implementations have been
described. In the first one image density is obtained if
an AC-field is set between the toner delivery means and
the back electrode while the control electrodes are kept
at the ON-voltage. An additional AC-voltage can be
applied to said control electrodes. In the second imple-
mentation said AC-voltage is applied to the control elec-
trodes in the OFF-state. So it is described in said patent
application that image density is regulated by switching
over from a first DC-voltage to a second DC-voltage for
said control electrodes, while on one of said DC-volt-
ages an additional AC-voltage is superimposed.

[0023] Thus there is still a need for further improved
DEP devices with enhanced printing speed and less
clogging that are stable in time.

OBJECTS AND SUMMARY OF THE INVENTION

[0024] Itis an object of the invention to provide a DEP
device, i.e. a device for direct electrostatic printing that
can print at high speed with low clogging of the control
electrodes and with high maximum density and with a
high degree of density resolution (i.e. for producing an
image comprising a high amount of differentiated den-
sity levels) and spatial resolution.

[0025] A further object of the invention is to provide a
DEP device that can be used with a wide variety of
types of toner particles, and that can print at high speed
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with low clogging of the control electrodes, with high
maximum density and with a printing quality that is con-
stant over a long period of time.

[0026] Further objects and advantages of the inven-
tion will become clear from the detailed description
herein after.

[0027] The objects of the invention are realised by pro-
viding a device for direct electrostatic printing compris-
ing

- ameans for delivering charged toner particles, said
means having a toner bearing surface coupled to a
means for applying a first electric potential to said
surface,

- a means for creating a flow of said charged toner
particles away from said surface,

- a means for passing an image receiving substrate
in said flow,

- aprinthead structure having printing apertures and
control electrodes, placed between said toner bear-
ing surface and said image receiving substrate,
leaving a gap (d) between said toner bearing sur-
face and said control electrodes, characterised in
that

- said control electrodes are coupled to a means for
generating a first AC-field on said control elec-
trodes and that

- a means for selectively switching said first AC-field
on and off in accordance with image data is placed
between said control electrodes and said means for
generating said first AC-field for image-wise con-
trolling said flow of toner particles.

[0028] The objects of the invention are further realised
by providing a method for direct electrostatic printing
comprising the steps of

- providing charged toner particles on a surface of a
means for delivering toner particles,

- creating an electric potential difference between
said surface and an image receiving substrate for
creating a flow of charged toner particles towards
said image receiving substrate from surface,

- interposing a printhead structure, with printing
apertures and control electrodes in said flow of
toner particles, for image-wise controlling said flow
of toner particles,

- selectively switching an AC-ield on and off, in
accordance with image data, between said control
electrodes and said toner bearing surface,

- depositing said image-wise controlled flow of toner
particles on said image receiving substrate and

- fixing said toner particles to said substrate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Figure 1 shows the electric potentials in DEP
devices according to the prior art.

Figure 2 shows the electric potentials in a DEP
device according to a first embodiment of the inven-
tion.

Figure 3 shows the electric potentials in a DEP
device according to a second embodiment of the
invention.

Figure 4 shows a DEP device according to a first
embodiment of the invention.

Figure 5 shows a DEP device according to a sec-
ond embodiment of the invention.

DEFINITIONS
[0030]

- The wording "Toner bearing surface” is used in
throughout this document to indicate the surface of
the means for delivering toner particles from where
a flow of toner particles to the image receiving sub-
strate originates.

- The wording "OFF-period” is used to indicate the
time during which the control electrode is kept at an
electric potential for blocking the passage of
charged toner particles through the printing aper-
tures controlled by said control electrode.

- The wording "ON-period” is used to indicate the
time during which the control electrode is kept at an
electric potential for letting charged toner particles
pass through the printing apertures controlled by
said control electrode.

DETAILED DESCRIPTION OF THE INVENTION

[0031] ltis known in the art of DEP (direct electrostatic
printing), as described in the background art section
above, that, in a DEP device, in a DCHield, a flow of
charge toner particles is created between a means for
delivering charged toner particles and an image receiv-
ing substrate. A printhead structure, having control elec-
trodes around printing apertures, is interposed in said
flow of toner particles for image-wise controlling said
flow of toner particles. From the prior art disclosures, it
becomes clear that the application of an AC-field to the
surface of a means for delivering toner particles be used
to increase the printing speed by providing a denser
flow of toner particles in the vicinity of the printing aper-
tures. This dense flow of toner particles from the surface
bearing charged toner particles to a back electrode is a
continuous flow, and this dense flow is image-wise mod-
ulated by putting a DC-voltage upon the control elec-
trodes present in said printhead structure. Said DC-
voltage either has a further propagating field (leading to
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image density) or a blocking field (leading to no-image
density).

[0032] Levelling or reversing the propulsion field rap-
idly leads to toner adherence upon the printhead struc-
ture and to the wall of the printing apertures in the
insulating material of the printhead structure, this leads
to clogging of the printing apertures and thus to image
artefacts and poor print quality, e.g., white dots or lines
in even density patches due to the fact that some print-
ing apertures are totally clogged. In most of the prior art
disclosures, the flow of toner particles towards the print-
head structure is a continuous one and the image-wise
modulation is done by image-wise blocking the passage
of the toner flow through printing apertures. The prob-
lems of clogging is in the prior art mainly addressed by
means to relieve the clogging once it happened and not
so much in ways to prevent the clogging.

[0033] It was surprisingly found that the flow of toner
particles could image-wise be modulated by image-
wise modulating an AC-field existing over the spacing
between the toner bearing surface and the printing
apertures. When no AC-ield is formed between a par-
ticular control electrode around a printing aperture and
the toner bearing surface, that printing aperture is totally
blocked. When an AC-field is formed between a particu-
lar control electrode around a printing aperture and the
toner bearing surface, that printing aperture lets
charged toner particles pass in amounts related to the
force of the electric AC-field. Grey levels can be printed
by, e.g., time modulating the presence of the AC-field
over the spacing between the toner bearing surface and
the printing apertures.

[0034] This way of image-wise modulating the flow of
charged toner particles, greatly reduced toner adhesion
upon said printhead structure. It seems - without being
bound by any theory - that by Image-wise varying the
presence of an AC-ield over the spacing between the
toner bearing surface and the printing apertures, the
charged toner particles are no longer continuously flow-
ing from the toner bearing surface to the control elec-
trodes, where it is image-wise blocked in and freed from
the printing apertures to print an image. It seems on the
contrary that a kind of image-wise modulated flow of
charged toner particles is generated when needed by
image-wise applying an AC-field over the gap between
the toner bearing surface and the printing apertures.
[0035] Therefore, the present invention includes a
device for direct electrostatic printing comprising, apart
from the usual components (i.e. means for creating a
flow of toner particles from a toner bearing surface
towards an image receiving member, a printhead struc-
ture with printing apertures and control electrodes inter-
posed in said flow for image-wise controlling said flow),
means for image-wise switching an AC-field over the
gap the gap between the toner bearing surface and the
printing apertures.

[0036] In the prior art devices for direct electrostatic
printing, wherein an AC-ield is present over the gap
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between the toner bearing surface and the control elec-
trode, the AC-field is not image-wise changed and is
always present. That AC-ield, being always present,
makes toner particles continuously low from the toner
bearing surface to and in the printing apertures, when
an aperture has to be blocked, a DC-voltage largely dif-
ferent from the DC-voltage on the toner bearing surface
is applied to block the passage of toner particles. In a
DEP device (a device for Direct Electrostatic Printing)
according to this invention an AC-field can be image-
wise switched on and off, creating a flow of toner parti-
cles when needed, so that high resolution printing, even
with pixels with dimensions around 100 um, is possible.
[0037] Infigure 1a, 1b and 1c the electric potentials on
the shield electrode (SE), the surface bearing the toner
particles (TS) and the control electrode (CE) are shown
for prior art DEP devices. The notation CEqrr desig-
nates the potential of the control electrode when the
printing apertures blocks the flow of toner particles and
CEgy the potential of the control electrode when the
printing apertures lets the flow of toner particles pass
uninfluenced. The X-axis in the figure show the line time
(LT), i.e. the time necessary to print one line.

[0038] Throughout the text, the potentials on the
shield electrode, on the control electrodes, on the toner
bearing surface, etc., are given for DEP devices using
negatively charged toner particles. It is obvious that, by
changing the polarity of the potentials, the present
invention also works with positively charged toner parti-
cles.

[0039] Figure 1a shows the electric potentials for a
DEP device as disclosed in US-A-4 491 851. The shield
electrode (SE) is kept at ground potential (i.e. 0 V, DC),
the toner bearing surface is kept at a DC-potential - 100
V, whereon an AC-potential with peak to peak voltage
400 V and a frequency 1/A4 is applied. When he printing
aperture is intended to stop the toner flow completely
(CEoEf), a DC voltage of - 300 V is applied to the con-
trol electrode, when the printing aperture is intended to
let the toner flow uninfluenced (CEgy), a DC voltage of
- 0 Vis applied to the control electrode, (i.e. the control
electrode is grounded).

[0040] Figure 1b shows the electric potentials for a
DEP device as disclosed in US-A-5 095 322. The shield
electrode (SE) is kept at ground potential (i.e. 0 V, DC)
whereon an AC-potential with peak to peak value of 200
V and frequency 1/i, is applied. The toner bearing sur-
face is kept at a DC-potential - 100 V, whereon an AC-
potential with peak to peak voltage 400 V and a fre-
quency 1/A4 is applied. Both AC-voltages are 180
degrees out of phase. When the printing aperture is
intended to stop the toner flow completely (CEqrf), a
DC voltage of - 300 V is applied to the control electrode,
when the printing aperture is intended to let the toner
flow uninfluenced (CEqy), a DC voltage of - 0 V is
applied to the control electrode, (i.e. the control elec-
trode is grounded).

[0041] Figure 1c shows the electric potentials for a
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DEP device as disclosed in US-A-5 374 949. The shield
electrode (SE) is kept at ground potential (i.e. 0 V, DC).
The toner bearing surface is kept at a DC-potential - 100
V, whereon an AC-potential with peak to peak voltage
400 V and a frequency 1/A4 is applied. When the print-
ing aperture is intended to stop the toner flow com-
pletely (CEqrg), a DC voltage of - 300 V is applied to the
control electrode and on this DC voltage a small AC-
voltage (e.g., 20 V peak to peak) with frequency 1/A3 is
applied. When the printing aperture is intended to let the
toner flow uninfluenced (CEqy), a DC voltage of -0 V is
applied to the control electrode, (i.e. the control elec-
trode is grounded). Since the AC-voltage applied on the
control electrodes in the OFF-period is very small com-
pared to the DC-voltage and to the AC-voltage on the
toner bearing surface, (see fig. 4c of US-A-5 374 949),
there is both during the OFF-period and the ON-period
an AC-ield present over the gap between the toner
bearing member and the control electrode.

[0042] Figure 2 shows the electric potentials for an
embodiment of a DEP device according to this inven-
tion. The device according to this invention can com-
prise a shield electrode, then, the shield electrode (SE)
is preferably kept at ground potential (i.e. 0 V, DC). The
device can also be operated without shield electrode,
therefore the figure only shows the potentials on the
toner bearing surface (TS) and the potential of the con-
trol electrode when the printing apertures blocks the
flow of toner particles (CEgrr) and the potential of the
control electrode when the printing apertures lets the
flow of toner particles pass uninfluenced (CEgy). The
toner bearing surface is kept at a DC-potential - 100 V,
whereon an AC-potential with peak to peak voltage 400
V and a frequency 1/A is applied. When the printing
aperture is intended to stop the toner flow completely
(CEorr), a DC voltage of - 100 V is applied to the con-
trol electrode and an AC-potential with peak to peak
voltage 400 V and a frequency 1/A4 is applied on top of
said DC-potential. The AC voltage on the toner bearing
surface and on the control electrode are in phase. Thus
the AC-field on the control electrode and the AC-field on
the tone bearing surface balance each other out and no
AC-field exists over the gap between the toner bearing
surface and the control electrodes when the printing
aperture has to block the toner flow. When the printing
aperture is intended to let the toner flow uninfluenced
(CEon), a DC voltage of - 0 V is applied to the control
electrode, (i.e. the control electrode is grounded). Thus,
an AC-field exists over the gap between the toner bear-
ing surface and the control electrodes when the printing
aperture has to let toner particles pass freely.

[0043] Figure 3 shows the electric potentials for an
other embodiment of a DEP device according to this
invention. The device according to this invention can
comprise a shield electrode, then, the shield electrode
(SE) is preferably kept at ground potential (i.e. 0 V, DC).
The device can also be operated without shield elec-
trode, therefore the figure only shows the potentials on

10

15

20

25

30

35

40

45

50

55

the toner bearing surface (TS) and the potential of the
control electrode when the printing apertures blocks the
flow of toner particles (CEqrg) and the potential of the
control electrode when the printing apertures lets the
flow of toner particles pass uninfluenced (CEgy). The
toner bearing surface is kept at a DC-potential of 0 V
(i.e. it is grounded). When the printing aperture is
intended to stop the toner flow completely (CEqrf), a
DC voltage of 0 V is applied to the control electrode, and
again no AC-field exists over the gap between the toner
bearing surface and the control electrodes when the
printing aperture has to block the toner flow. When the
printing aperture is intended to let the toner flow uninflu-
enced (CEgy), an DC voltage of + 100 V is applied to
the control electrode, on top of which an AC-potential
with peak to peak voltage 400 V and a frequency 1/A4 is
applied. Again, an AC-field exists over the gap between
the toner bearing surface and the control electrodes
when the printing aperture has to let toner particles
pass freely.

[0044] Thus in DEP devices according to the present
invention the toner flow is completely blocked when no
AC-ield is present over the gap between the toner bear-
ing surface and the control electrode that is strong
enough to displace charged toner particles over that
gap into the printing aperture controlled by that control
electrode. Thus, DEP device wherein during the OFF-
period of a control electrode (the period wherein the
control electrode blocks the printing aperture that it con-
trols) a weak AC-field is present over the gap between
the toner bearing surface and the control electrode, is
within the scope of this invention even when, due to that
AC-field, charged toner particles are indeed detached
from the toner bearing surface, but do not travel into the
printing aperture.

[0045] Grey levels can then be printed by bringing the
control electrode and the toner bearing surface only a
fraction of the line time (LT) to the same electric poten-
tial, thus blocking the toner flow for only a fraction of the
line time (LT). This time modulation is a preferred
embodiment of the present invention. It is possible, for
increasing the number of grey levels that can be printed,
to have a DC-voltage on the control electrodes deviating
from the DC-voltage on the toner bearing surface and/or
to have an AC-voltage on the control electrodes deviat-
ing from the AC-voltage on the toner bearing surface.
Thus it is possible to choose the strength of the ACield
over the gap between the toner bearing surface and the
control electrodes such that so that, e.g. not D5 is
formed, but only three quarter of D5, half of Doy, @
quarter of D,qy, etc. By combining a time modulation
with a modulation of the strength of the ACHield, it is
possible to print a higher number of density levels, than
when using time-modulation alone or using the modula-
tion of the strength of the AC-field alone.

[0046] In figure 4 a DEP device according to the
present invention is shown. In this device the electric
potentials on the different parts of the device are taken
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as described above in the first embodiment of the inven-
tion.

[0047] The DEP device shown comprises means for
delivering toner particles with a container (101)for
developer (102) wherein a magnetic brush (103) having
a core (103a) wherein magnets are present and a
sleeve (103b) rotatably mounted around the core is
present. The developer (102) can be a mono compo-
nent developer with magnetic toner particles and then
on the surface of the sleeve of the magnetic brush, toner
particles are present, i.e. the surface of the sleeve
(103b) of the magnetic brush is the toner bearing sur-
face. The developer (102) can also be a multi-compo-
nent developer containing magnetic carrier particles
and non-magnetic toner particles and then on the
sleeve of the magnetic brush carrier and toner particles
are present, but the sleeve is still the toner bearing sur-
face in the sense of this invention. The magnetic brush
(103) can have a fixed core (103a) and a sleeve (103b)
rotatably mounted around the core equipped with
means for rotating the core. In another embodiment, the
core (103a) of the magnetic brush is also equipped with
means for rotating the core and can thus also be rotated
and the sleeve (103b) can be rotated around the core or
kept stationary. (The means for rotating the core and/or
the sleeve are not shown in the figure). The part of the
magnetic brush that rotates, does so in the direction of
arrow B. A device (118) for generating a DC-voltage and
an AC-voltage is connected to the sleeve of the mag-
netic brush and applies a DC-voltage (DC1) and an AC-
field (AC1) to said sleeve (the toner bearing surface).
Between said device for generating DC1 and AC1 and
the toner bearing surface, optionally a further means for
providing a DC and/or AC-potential (116) to the toner
bearing surface may be present. The amount of devel-
oper on the toner bearing surface is regulated by a doc-
tor blade (113).

[0048] The device, as shown, further comprises a
back electrode (105) connected to a DC voltage source
applying a voltage DC4 to the back electrode. An image
receiving substrate (108) is passed by means for mov-
ing the substrate (107) in the direction of arrow A
between the printhead structure (106) and the back
electrode by conveying means (107). The difference
between voltage DC4 and voltage DC1 applies a DC-
propulsion field wherein a flow of toner particles (104) is
created from the sleeve of the magnetic brush ( the
toner bearing surface) to the image receiving substrate
on the back electrode. The AC-field (AC1) on the sleeve
of the magnetic brush makes the flow (104)of toner par-
ticles denser than when no AC-ield would be present.
[0049] A printhead structure (106), with an insulating
material (106¢) carrying control electrodes (106a) is
interposed in the flow (104) of toner particles. The con-
trol electrodes (106a) can selectively be connected,
over switch (115) either to a device (119) for generating
a DC-voltage (DC3) and an AC-field (AC3) or to said
device (118) for generating a DC-voltage (DC1) and an

10

15

20

25

30

35

40

45

50

55

AC-voltage (AC1). Between said device for applying a
DC-voltage (DC3) and an AC-ield (AC3) to the control
electrode, optionally a further means for providing a DC
and/or AC-potential (117) to the control electrode may
be present.

[0050] By image-wise modulating the electric potential
applied by switch (115) to the control electrodes, the
flow of charged toner particles is image-wise modulated
in the vicinity of the control electrodes. The voltage
applied to the control electrodes can be varied between
a value totally blocking the passage of the toner parti-
cles (i.e. when switch 115 connects the control elec-
trodes to when DC1 and AC1). The toner flow passes
totally unimpeded when AC3 = 0 and DC3 =0 (i.e. when
the control electrode is grounded). In a preferred
embodiment of the invention, the control electrode is
grounded for printing full density through the printing
aperture it controls and the grey levels are printed by
time modulating the switching of a switch (115) between
the devices providing DC3 and AC3 and the devices
providing DC1 and AC1. In the simplest implementation
no device (119) for generating a DC-voltage (DC3) and
an AC-field (AC3) is incorporated, and the switch (115)
switches the control electrode between the device (118)
connected to the toner bearing surface and the ground.
It is possible, as described above, to apply a DC-voltage
(DC3) having a value different from DC1 and/or an AC-
field (AC3) having a value different from the AC-field
(AC1) to the control electrode, for partially blocking the
printing apertures and at the same time again time mod-
ulating the switching of switch 115. By doing so, the
number of grey levels that can be printed can be
enhanced. In a simple implementation

[0051] The control electrodes in said printhead struc-
ture are placed apart from the toner bearing surface,
leaving a gap (d) between the control electrodes and
the toner bearing surface; a spacer (110) keeps the gap
(d) constant during operation of the device.

[0052] The device comprises further means (109) for
fixing the toner particles to the image receiving sub-
strate.

[0053] Infigure 4, the toner bearing surface is the sur-
face of the sleeve of a magnetic brush, in figure 5 a
device according to a further embodiment of the inven-
tion is shown, wherein the toner bearing surface is the
surface of an applicator carrying toner particles derived
from a non-magnetic mono-component developer.
[0054] The device, shown in figure 5 is the same as
the one shown in figure 4, except for the toner bearing
surface, so only the numericals different from those
used in figure 1 will be described. In a container (101)
for non magnetic mono component developer a roller
(112) is present, having a surface. On this surface toner
particles are applied by means of a feeding roller (111)
made of porous foamed polymers. A developer mixing
blade (114) mixes and transports said non-magnetic
mono-component developer towards said feeding roller.
A doctor blade (113) regulates the thickness of the
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charged toner particles upon the surface said roller
(112), i.e. on the toner bearing surface.

[0055] In the DEP device shown in figure 4 only a
device (118) only generating a DC-potential (DC1) is
connected to the sleeve of the toner bearing surface.
The control electrodes (106a) can over a switch 115
selectively be connected to a device (119) providing an
AC-field (AC3) and a device providing a DC-voltage
(DC3) or to the device (118) providing a DC-voltage
(DC1) on the toner bearing surface. The DC potential
(DC3) and the ACHield (AC3) are image-wise modu-
lated in order to modulate the toner flow through the
control electrodes. The voltage applied to the control
electrodes can be varied between a value totally block-
ing the passage of the toner particles when the switch
(115) connects the control electrode to the device (118)
providing a DC-voltage (DC1), and a value leaving the
toner flow pass totally unimpeded when the switch (115)
connects the control electrode to the device (119) pro-
viding a DC-voltage (DC3)and an AC-field (AC3). Inter-
mediate settings of DC3 and AC3 make it again
possible, as described above, to increase the number of
grey levels that can be printed.

[0056] In the figures 4 and 5 the toner bearing surface
is the surface of the sleeve of a magnetic brush (in fig 4),
or the surface of an applicator for non-magnetic mono-
component developer (in fig 5). A DEP device according
to this invention can also be equipped with a charged
toner conveyer (CTC) on the surface of which charged
toner particles are applied by a magnetic brush or an
applicator for non-magnetic mono-component devel-
oper. In this case the toner bearing surface is the sur-
face of the CTC and the means for applying the AC-field
(ACH1), are connected to that surface.

[0057] The control electrodes can be coupled to a
means for generating an AC-field on said control elec-
trodes and a means for selectively switching said AC-
field on and off in accordance with image data, as in this
invention, in any DEP device known in the art. Typical
DEP devices that can be adapted for producing a device
according to this invention are disclosed in, e.g., EP-A-
795 802, EP-A-780 740, EP-A-740 224, EP-A-731 394,
EP-A-712 055, US-A-5 606 402, US-A-5 523 777, GB-
A-2 108 432, US-A-4 743 926, efc..

[0058] The insulating material, used for producing
printhead structure, useful in a DEP device according to
the present invention, can be glass, ceramic, plastic,
etc. Preferably said insulating material is a plastic mate-
rial, and can be a polyimide, a polyester (e.g. polyethyl-
elene terephthalate, polyethylene naphthalate, etc.),
polyolefines, an epoxy resin, an organosilicon resin,
rubber, etc.

[0059] The selection of an insulating material for the
production of a printhead structure useful in a DEP
device according to the present invention, is governed
by the elasticity modulus of the insulating material. Insu-
lating material, useful in the present invention, has a
elasticity modulus between 0.1 and 10 GPa, both limits
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included, preferably between 2 and 8 GPa and most
preferably between 4 and 6 Gpa. The insulating material
has a thickness between 25 and 1000 pum, preferably
between 50 and 200 um.

[0060] The back electrode (105) of a DEP device
according to this invention, can also be made to co-
operate with the printhead structure, said back elec-
trode being constructed from different styli or wires that
are galvanically isolated and connected to a voltage
source as disclosed in e.g. US-A- 4, 568 ,955 and US-
A-4, 733, 256. The back electrode, co-operating with
the printhead structure, can also comprise one or more
flexible PCB's (Printed Circuit Board).

[0061] The present invention incorporates the opera-
tion of a DEP device according to the present invention
in a method for direct electrostatic printing comprising
the steps of :

- providing charged toner particles on a surface of a
means for delivering toner particles,

- creating an electric potential difference between
said surface and an image receiving substrate for
creating a flow of charged toner particles towards
said image receiving substrate from surface,

- placing a printhead structure, with printing aper-
tures and control electrodes in said flow of toner
particles, leaving a gap (d) between said toner
bearing surface and said control electrodes,

- selectively switching an AC-ield on and off, in
accordance with image data, over said gap (d)
between said toner bearing surface and said con-
trol electrodes, for image-wise controlling said flow
of toner particles,

- depositing said image-wise controlled flow of toner
particles on said image receiving substrate and

- fixing said toner particles to said substrate.

[0062] A DEP device according to the present inven-
tion can also be operated without back electrode in a
method for DEP printing on an insulating image receiv-
ing substrate, having a first and a second face, compris-
ing the steps of :

- applying a conductive layer upon said first face of
said insulating substrate,

- connecting said conductive layer by conductive
charge applying device to a voltage source provid-
ing a first DC-potential on said substrate,

- providing charged toner particles on a surface of a
means for delivering toner particles,

- creating an electric potential difference between
said surface and an image receiving substrate for
creating a flow of charged toner particles towards
said image receiving substrate from surface,

- placing a printhead structure, with printing aper-
tures and control electrodes in said flow of toner
particles, leaving a gap (d) between said toner
bearing surface and said control electrodes,
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- selectively switching an AC-ield on and off, in
accordance with image data, over said gap (d)
between said toner bearing surface and said con-
trol electrodes, for image-wise controlling said flow
of toner particles,

- depositing said image-wise controlled flow of toner
particles on said image receiving substrate and

- fixing said toner particles to said substrate.

[0063] A method for direct electrostatic printing oper-
ating without back electrode has been disclosed in
European Application 96202228 filed on August 8,
1996.

[0064] A DEP device according to the present inven-
tion can further be operated in a method for direct elec-
trostatic printing with reduced banding comprising the
steps of :

- creating a DC-potential difference between an
image receiving substrate and a magnetic brush
assembly having a rotatably mounted core and a
sleeve rotatably mounted around said core;

- rotating said core at a rotational speed equal to or
higher than 500 rotations per minute and rotating
said sleeve at a rotational speed equal to or lower
than 10 rotations per minute;

- applying a developer with toner particles and mag-
netically attractable carrier particles on said mag-
netic brush assembly;

- creating a flow of toner particles directly from said
magnetic brush assembly to said image receiving
substrate;

- interposing a printhead structure, carrying control
electrodes in said flow of toner particles,

- placing a printhead structure, with printing aper-
tures and control electrodes in said flow of toner
particles, leaving a gap (d) between said toner
bearing surface and said control electrodes,

- selectively switching an AC-ield on and off, in
accordance with image data, over said gap (d)
between said toner bearing surface and said con-
trol electrodes, for image-wise controlling said flow
of toner particles,

- depositing said image-wise controlled flow of toner
particles on said image receiving substrate and

- fixing said toner particles to said substrate.

[0065] In this method the core is preferably kept sta-
tionary. A method and device for direct electrostatic
printing wherein the toner bearing surface is the sleeve
of a magnetic brush with a rotating core, has been
described in European Application 96202286, filed on
August 14, 1996.

[0066] In a DEP device, according to the present
invention, operating in the methods described above,
and wherein the surface of the sleeve of the magnetic
brush is used as toner bearing surface, (i.e. the toner
flow originates directly from the surface of the sleeve of
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the magnetic brush), any type of known carrier particles
and toner particles can successfully be used. It is how-
ever preferred to use "soft" magnetic carrier particles.
"Soft" magnetic carrier particles useful in a DEP device
according to a preferred embodiment of the present
invention are soft ferrite carrier particles. Such soft fer-
rite particles exhibit only a small amount of remanent
behaviour, characterised in coercivity values ranging
from about 4 up to 20 kA/m (from 50 up to 250 Oe). Fur-
ther very useful soft magnetic carrier particles, for use in
a DEP device according to a preferred embodiment of
the present invention, are composite carrier particles,
comprising a resin binder and a mixture of two magnet-
ites having a different particle size as described in EP-
B-289 663. The particle size of both magnetites will vary
between 0.05 and 3 um. The carrier particles have pref-
erably an average volume diameter (d,59) between 10
and 300 um, preferably between 20 and 100 um. More
detailed descriptions of carrier particles, as mentioned
above, can be found EP 675 417, that is incorporated
herein by reference.

[0067] Itis preferred to use in a DEP device according
to the present invention, toner particles with an absolute
average charge (|g|) corresponding to 1 fC < |g] < 20 fC,
preferably to 1 fC < |g] < 10 fC. The absolute average
charge of the toner particles is measured by an appara-
tus sold by Dr. R. Epping PES-Laboratorium D-8056
Neufahrn, Germany under the name "g-meter”. The g-
meter is used to measure the distribution of the toner
particle charge (g in fC) with respect to a measured
toner diameter (d in 10 um). From the absolute average
charge per 10 um (|g)/10um) the absolute average
charge |q| is calculated. Moreover it is preferred that the
charge distribution, measured with the apparatus cited
above, is narrow, i.e. shows a distribution wherein the
coefficient of variability (v), i.e. the ratio of the standard
deviation to the average value, is equal to or lower than
0.33. Preferably the toner particles used in a device
according to the present invention have an average vol-
ume diameter (d, 50) between 1 and 20 um, more prefer-
ably between 3 and 15 um. More detailed descriptions
of toner particles, as mentioned above, can be found in
EP-A-675 417. In fact any toner known in the art can be
used in a DEP-device according to this invention, it can
be toners produced by a pulverisation process, a polym-
erisation process, a coagulation process, etc. Very good
toner particles for use in any DEP device and thus also
for use in a DEP device according to this invention, are
toner paticles as described in US-A-5 633 110. In that
disclosure the use in DEP of toner particles having as
topological criterium that the ratio of the length of the
long axis of the projected microscopic image of said
particles to the length of the short axis is between 1.00
and 1.40, said ratio being the average of the ratios
measured on at least 20 different toner particles and
said toner particles after addition of 0.5 % by weight of
fumed hydrophobic silica having a specific surface area
of 260 m?/g show a ratio of apparent density (Papp) Over
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real density (p;ca))

[0068] A DEP device making use of the above men-
tioned marking toner particles can be addressed in a
way that enables it to give black and white. It can thus
be operated in a "binary way", useful for black and white
text and graphics and useful for classical bilevel halfton-
ing to render continuous tone images.

[0069] A DEP device according to the present inven-
tion is especially suited for rendering an image with a
plurality of grey levels. Grey level printing can be con-
trolled by either an amplitude modulation of the AC
and/or DC-voltage applied on the control electrodes
106a and/or by a time modulation of said AC an/or DC-
voltage. By changing the duty cycle of the time modula-
tion at a specific frequency, it is possible to print accu-
rately fine differences in grey levels. It is also possible to
control the grey level printing by a combination of an
amplitude modulation and a time modulation of the volt-
ages, applied on the control electrode.

[0070] The combination of a high spatial resolution
and of the multiple grey level capabilities typical for DEP,
opens the way for multilevel halftoning techniques, such
as e.g. described in EP-A-634 862 with title "Screening
method for a rendering device having restricted density
resolution”. This enables the DEP device, according to
the present invention, to render high quality images.

EXAMPLES
EXAMPLE 1
The printhead structure.

[0071] A printhead structure (106) was made from a
polyimide film of 50 um thickness (106c), double sided
coated with a 5 um thick copper film. The printhead
structure (106) had two rows of printing apertures. On
the back side of the printhead structure, facing the
receiving member substrate, a rectangular shaped con-
trol electrode (106a) was arranged around each aper-
ture. Each of said control electrodes was connected
over 2 MQ resistors to a HV 507 (trade name) high volt-
age switching IC, commercially available through
Supertex, USA, that was powered from a high voltage
power amplifier. On the back side of the printhead struc-
ture, facing the back electrode, a common shield elec-
trode (106b) was present. The printing apertures were
rectangular shaped with dimensions of 200 by 100 um.
The total width of the rectangular shaped copper control
electrodes and connecting lines was 80 um. The width
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of the aperture in the common shield electrode was
1600 pm. Said printhead structure was fabricated in the
following way. First of all the control electrode pattern
and shield electrode pattern was etched by conven-
tional copper etching techniques. The apertures were
made by a step and repeat focused excimer laser mak-
ing use of the control electrode patterns as focusing aid.
After excimer burning the printhead structure was
cleaned by a short isotropic plasma etching cleaning.
Finally a thin coating of PLASTIK70, commercially avail-
able from Kontakt Chemie, was applied over the control
electrode side of said printhead structure.

The toner delivery means

[0072] The toner delivery means was a commercially
available toner cartridge comprising non magnetic
mono component developer, the COLOR LASER
TONER CARTRIDGE MAGENTA (M3760GIA), for the
COLOR LASER WRITER (Trade names of Apple Com-
puter, USA). The toner bearing surface is the surface of
an aluminium roller (112), whereon tone particles are
applied by a feeding roller (111) The toner particles car-
ried a negative charge.

The printing engine

[0073] The printhead structure, mounted in a PVC-
frame (116), was bent with frictional contact over the
surface of the roller of the toner delivery means. The 50
um thick polyurethane coating was used as self-regulat-
ing spacer means (110).

[0074] A back electrode was present behind the paper
whereon the printing proceeded, the distance between
the back electrode (105) and the back side of the print-
head structure (i.e. control electrodes (106a)) was set to
1000 um and the paper travelled at 200 cm/min.

[0075] The back electrode was connected to a high
voltage power supply, applying a voltage DC4 of + 1000
V to the back electrode. To the toner bearing surface of
the toner delivery means a sinusoidally changing AC
voltage (AC1) with 400 V peak to peak and a frequency
of 3 kHz was applied and a DC-offset (DC1) of -100 V.
The DC-propulsion field, i.e. the potential difference
between DC4 and DC1, was 1100 V. To the individual
control electrodes an (image-wise-selected) voltage
was applied selected from 0 V (printing a pixel of maxi-
mum density) or the same voltage as applied to the
toner delivery means (DC1 and AC1 with the same
amplitude and phase as the voltages applied to the
toner bearing surface: printing a pixel with minimum
density). Grey scale images of a human face and con-
trol wedges from maximum to minimum density were
printed during several minutes after which the image
quality and toner accumulation upon said printhead
structure was observed. Said printing example showed
extremely good results.



19 EP 0 911 706 A1 20

COMPARATIVE EXAMPLE

[0076] The same experiment was done as described
in example 1 except that pixels with maximum density
were created by putting 0 V upon the control electrodes,
while pixels of minimum density were created by putting
-280 V upon said control electrodes. In contrast to
example 1 already after having printed a few images,
"lost lines" of white density were observed in the print-
outs and toner accumulation upon said printhead struc-
ture could be easily observed. In the wedges also the
band of maximum density showed different white lines
that only disappeared after printing for a certain time at
maximum density.

EXAMPLE 2.

[0077] The same experiment as described in example
1 was repeated except that the toner delivery means
was grounded and to the control electrodes a sinusoi-
dally changing AC-ield of 400 V (peak to peak) with -
100 V DC offset ( 3 kHz) was used for pixels of maxi-
mum image density while only 0 V DC was used for pix-
els of minimum image density. Compared to example 1
only one AC signal was necessary and phase shifting
compared to the AC applied towards the toner bearing
surface, due to the capacitance of the different control
electrodes, could not interfere. The maximum image
density was lowered to 90% compared with example 1
but no missing lines nor toner accumulation upon said
printhead structure could be observed.

Claims
1. Adevice for direct electrostatic printing comprising :

- ameans (101) for delivering charged toner par-
ticles, said means having a toner bearing sur-
face (103b) coupled to a device (118) for
applying a first electric potential to said surface,

- a means for creating a flow (104) of said
charged toner particles away from said surface,

- ameans (107) for passing an image receiving
substrate (108) in said flow,

- a printhead structure (106) having printing
apertures and control electrodes (106a),
placed between said toner bearing surface and
said image receiving substrate, leaving a gap
(d) between said toner bearing surface and
said control electrodes, characterised in that

- said control electrodes are arranged to be
selectively connected, in accordance with
image data, to said device (118) for applying a
first electric potential on said toner bearing sur-
face and to a device (119) for generating a sec-
ond electric potential.

2. Adevice for electrostatic printing according to claim
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1, wherein said means (119) coupled to said control
electrodes is connected to ground potential.

Adevice for direct electrostatic printing according to
claim 1, wherein said means (119) for generating
said second electric potential is equipped for gener-
ating an AC-field with a peak-to-peak voltage
between 200 V and 600 V.

A device for direct electrostatic printing according to
any of claims 1 to 3, wherein said device (118) for
generating said first electric potential is equipped
for generating an AC-field with a peak-to-peak volt-
age between 200 V and 600 V.

Adevice for direct electrostatic printing according to
claim 4, wherein said device (118) for generating
said first electric potential is further equipped for
generating a DC-potential.

A device for direct electrostatic printing according to
claim 3, wherein said means (118) for applying a
first electric potential to said toner bearing surface
is for only generating a DC-potential.

A device according to 6, wherein said DC-potential
is ground potential.

Adevice for direct electrostatic printing according to
any of claims 1 to 7, wherein said gap (d) between
said control electrodes and said toner bearing sur-
face is such that d< 100 um.

A method for direct electrostatic printing comprising
the steps of :

- providing charged toner particles on a surface
of a means for delivering toner particles,

- creating an electric potential difference
between said surface and an image receiving
substrate for creating a flow of charged toner
particles towards said image receiving sub-
strate from surface,

- placing a printhead structure, with printing
apertures and control electrodes in said flow of
toner particles, leaving a gap (d) between said
toner bearing surface and said control elec-
trodes,

- selectively switching an AC-field on and off, in
accordance with image data, over said gap (d)
between said toner bearing surface and said
control electrodes, for image-wise controlling
said flow of toner particles,

- depositing said image-wise controlled flow of
toner particles on said image receiving sub-
strate and

- fixing said toner particles to said substrate.
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