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In order to improve the quality of text and graphic printers, companies have increased the resolution of the imaging subsystem
and decreased the diameter of toner particles in electrophotographic powder marking technologies. We have been developing a
new electrographic printing technology in which the latent image is formed by contacting a write head with many metal fingers
to square metal pads on 50 pm centers (500 dpi) fabricated on an insulating cylinder. This system has demonstrated the ability
to print for the first time, to our knowledge, in any powder marking system, both black and white single pixels at 500 dpi, using
normal 9 pm diameter toner. A theoretical explanation for this result is given.
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Introduction

Electrophotography is a well-known and widely used
technology for printing. The most commonly used imple-
mentation of electrophotographic printers uses a laser
or an LED bar as an illumination source and develops
the latent image with dry toner. Despite the wide usage
of this technology, there are, however, some drawbacks
with respect to image quality. For example, color con-
sistency of electrophotographic printers has not reached
the standard set by offset lithography or gravure print-
ing. One of the important contributors to the lack of color
consistency in electrophotographic printers is the low
or inferior quality of the single pixels. To the knowl-
edge of the authors, it is not possible to print single white
pixels and single black pixels in one image in electro-
photography with dry toners. A single pixel is the small-
est dot that the printer can address. In first order, the
pixel size is defined by the spot size of the laser or the
spot of a single LED of the LED bar.
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Images created with electrophotographic printers typi-
cally use digital halftoning to create different gray scales.!
Full color images are produced by superimposing for ex-
ample 4 colors (black, cyan, magenta, and yellow) on pa-
per. Obviously, a more consistent gray scale for a single
color will result in an improved total color consistency.
In digital halftoning typically squares of several pixels
(for example a 4 x 4 array) are organized to form a
superpixel (of 16 pixels). Within this superpixel a num-
ber between zero and all pixels can be either white or
black, resulting in n + 1 gray levels, if n is the number of
pixels in the superpixel. Electrophotographic systems use
digital halftoning because this method produces more
consistent gray scales than analog halftoning, where the
gray level of single pixels is controlled by exposure level.
The electrophotographic process is most stable for print-
ing “white” (= zero density) and “black” (= full density),
while intermediate states (for example half density) are
less stable.! Digital halftoning avoids intermediate lev-
els and therefore increases gray scale consistency.

The ability to produce single pixels in electrophotogra-
phy depends on four of the subsystems, expose, develop,
transfer and fuse. Throughout the years much attention
has been given to the effect of the development subsystem
on single pixel development, focusing on the role of the
toner diameter. It has clearly been shown that the use of
small diameter toner particles leads to better defined
single pixels.?® By using toner particles as small as one
micron, as practiced in liquid development systems, off-
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Figure 1. Principle scheme of contact electrography.

set quality images have been produced,® but with the
associated system challenges of liquid development.! The
effect of electrostatic transfer has been identified and
quantified?: as the paper leaves the transfer nip, Paschen
breakdown scatters the toner particles causing degraded
edges and single pixels. The effect of fusing is smaller.?
The subsystem with the largest effect on single pixel de-
velopment is the imaging system. It is for this reason
that the light spot size has been decreased through the
years. However, laser scanners and LED bars produce
approximately Gaussian light beams, whose diameter
must be adjusted to make both single black pixels and
solid areas. Making the diameter large enough to create
uniform solid areas precludes the possibility of making
good single white pixels. Indeed, to our knowledge, no
known electrophotographic system can produce both
single black and white pixels in the same image.

In this article we present a new printing technology
called contact electrography, which offers improved qual-
ity while still using dry toner. Experimental results that
demonstrate improved single pixel development will be
discussed. The theoretical reasons for the improved
single pixel development are outlined (a more detailed
discussion of this issue is presented in a different study.”)

Contact Electrography—A New Imaging Process

The new imaging process called contact electrography
is based on the very defined charging of micro-capaci-
tors located on the surface of an image cylinder using
solid sliding contacts. The simplified schematic draw-
ing in Fig. 1 shows a write bar carrying an array of mi-
croscopically small contact springs on an insulating
substrate that are physically contacting the image cyl-
inder surface, which is patterned with conductive pads
that are electrically isolated from each other. In the cross
section portion of Fig. 1 the composition of the image
cylinder surface layers is indicated. The conductive core
of the image cylinder is coated with a dielectric layer of
8 um thickness, which is again covered with a wear-re-
sistant and conductive coating that is structured into
square pads. The pads together with the dielectric and
the conductive core of the image cylinder create the
above-mentioned micro-capacitors. By rotating the im-
age cylinder underneath the sliding contacts and ap-
plying different voltages to the finger electrodes, every
single pad can be charged with high precision to a de-
sired potential within an extremely short time. This fea-
ture allows nearly perfect control over the pad potential,
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Figure 2. Schematic diagram of the experimental set-up for
contact electrography.

which is related via the electric field to the optical den-
sity of the corresponding pixel after development. Due
to the conductive nature of the pads (thereby acting as
equipotential planes) an additional inherent feature of
this technology is the perfectly constant spatial distri-
bution of the potential at the pad surface within the
dimensions of the pad.

These are basic differences in comparison to other
electrographic or electrophotographic imaging processes
using a dielectric surface or a photoconducting surface.
With those technologies it is rather difficult to achieve
and control precisely and reproducibly:

1. the desired surface potentials for the different pixels,
2. an even potential distribution within the pixel,
3. a good confinement of the pixel.

These difficulties result from the facts that in con-
ventional electrography electrons and/or ions have to
be deposited on an insulator and for electrophotogra-
phy a radiation source with a non-square intensity dis-
tribution is used to discharge the photoconductor.
Intuitively it seems reasonable that these drawbacks of
electrophotography will result in an improved image
quality for contact electrography. This is in fact observed
and will be discussed below.

Experimental Setup

The experiments were done with a pitch of 50 pm for
the electrode array on the write bar and the same di-
mensions for the corresponding pad structure on the
image cylinder. The image cylinder is covered with full
square shaped pads of 40 pm x 40 um area size and 10
Um space, building columns and rows (a planar pattern
with 4-fold symmetry, see Fig. 1).

For testing the image quality of contact electrography
prints, a commercially available nonmagnetic monocom-
ponent gap development system was used. The distance
between development roller surface and image cylinder
surface was 250 um with +125 V DC bias applied to the
development roller. Additionally, an AC sine wave of
1500 V_, at 1000 Hz was applied. The average size of the
ground toner particles used was around 9 pm.

The image developed on the image cylinder was ei-
ther analyzed under the microscope or transferred to
paper by using electrostatic transfer. After transfer the
image cylinder surface was preconditioned for the next
revolution by means of a cleaning device and charging/
discharging devices. All tests were run at an image cyl-
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Figure 3. Single black pixel at 500 dpi on the surface of the
image cylinder. Some toner extends over the area of the con-
ducting pixel so that it has a size of about 65 to 70 pm.

inder surface speed of 4 cm/s, although the process is
inherently capable of much higher speed. A schematic
diagram of the experimental set-up is given in Fig. 2.

Results and Discussion

In this section we will present results from printing with
contact electrography. These results are discussed es-
pecially with respect to the impact on image quality.

Single Pixels

Single dark pixels are created when all of the writing
elements are driven by a pattern consisting of continu-
ous 0 V with a short pulse to 250 V sent to one element
while the image cylinder passes. Single white pixels use
continuous 250 V with a short pulse to 0 V sent to one
element.

Figure 3 shows a single dark pixel on the image cyl-
inder. Dark pixels appear as 65 to 70 um squares, with
toner sitting not only on the conducting area of the
charged pixel, but also covering most of the gap to adja-
cent pixels. As shown in Fig. 4, single white pixels ap-
pear as 40 pm untoned squares in a full density field on
the image cylinder. Most of the image cylinder pixel
edges are still visible, with the toned field covering the
dielectric between the pixels of the image cylinder. Note
that the single black pixels and the single white pixels
were obtained in the same experiment without optimiz-
ing the development system parameters separately for
each image.

The difference in size between white and black pixels
can be explained by a finite conductivity of the surface
of the dielectric between pixels. Some of the charge leaks
from the highly conducting pixel to the dielectric and
thus increases the size of the developed area.

What has been demonstrated here with contact elec-
trography, namely single white pixels in a black area as
well as single black pixels in a white area under identi-
cal conditions, is something that, to our knowledge, has
not been possible with electrophotography. On a high
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Figure 4. Single white pixel at 500 dpi. The white area has a
size of about 40 pm.

level the rational for this result is that contact electrog-

raphy has a much better latent image due to the metal

pixels on the surface of the image cylinders. This is con-
firmed by calculations of the electric fields for both tech-
nologies under similar configurations. More details are
discussed in the next section “Electric Fields”.

The ability to print single white and black pixels has
two important benefits for image quality:

1. Consistent Color: The fact that contact electrogra-
phy can print single black and single white pixels
under standard conditions and that this is not possi-
ble with electrophotography shows, that basically
dots can be printed with a higher stability when us-
ing contact electrography. “Stable” means that shape
and even more important size are more consistent
than in electrophotography. As discussed in the in-
troduction, this is very important for consistent color
of gray scale reproduction.

2. High Density Areas: In images that are made by
digital halftoning the high density areas are printed
by laying down full density and just leaving a very
low number of pixels within a given area white. Ob-
viously, the smallest element that can be left white,
is one pixel in contact electrography. For electro-
photography, more than one pixel has to be kept
white, so that a dark area contains bigger white spots,
which can be captured by the eye and thus negatively
affect image quality.

Some clarity of the images on the image cylinder is
lost during transfer and fusing. However, enough of the
difference compared to electrophotography is main-
tained on the receiver substrate to result in image qual-
ity advantages for contact electrography.

Adjacent Pixels

In electrophotography intermediate gray levels are
made by partially exposing pixels (by controlling the on-
time of the laser or LED) next to fully developed pixels.
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Figure 5. A black pixel (right, 120 V) directly beside a gray
pixel (left, 30 V) on the of the image cylinder. Size and shape
of the black pixel are, in first order, independent from the gray
scale of the neighboring pixels.

The question of how contact electrography behaves in
this respect is the subject of the following discussion.

Several print runs were made while printing two di-
rectly neighboring pixels at different voltage levels. In
one configuration, the first of the two adjacent pixels
was a 120 V pixel, The second pixel was at lower volt-
age, 30 V. Figure 5 shows a typical result: the full volt-
age (120 V) pixel has a full density toner stack, while
the lower voltage pixel (30 V) has a partial toner stack.
The toner on the high voltage pixel creates a toned
square covering the pixel and the dielectric between
pixels of the image cylinder. This is typical of the single
pixels printed in earlier experiments (as described
above). The toner on the lower voltage pixel remains
mostly on the conducting pixel of the image cylinder,
with much of the pixel material remaining visible. This
pixel has a low density, and has been seen to have toner
scattered across the entire conducting pixel area, with
no clear preference to be at the side near the high volt-
age pixel.

Tests at higher voltage levels (for example 250 V for
the black and 125 V for the gray pixel) showed at first
sight two black pixels on the image cylinder. A closer
investigation showed much more toner on the black
pixel, where the stack height was about 20 pm, where
by contrast it was only about 10 pm on the gray pixel.

Clearly in contrast to electrophotography, contact elec-
trography does not show a change in pixel width as a
function of the gray level of adjacent pixels. Though con-
tact electrography does not offer the opportunity to vary
line width, this is compensated by the possibility to print
individual gray pixels.

Low Angle Lines

One of the characteristics of contact electrography
could in principal limit image quality: the pixel struc-
ture could be visible in the printed image, especially
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2.5 mm

Figure 6. A 250 pm wide line printed with contact electrogra-
phy on paper after electrostatic transfer and hot plate fusing.
The steps of the 50 pm squares are not visible to the human
eye under normal viewing conditions.

with narrow lines (as for example 200 um) and a shal-
low angle to one of the pixel symmetry axes.

Narrow lines were printed on paper using the de-
scribed configuration of contact electrography to exam-
ine the effect of pixel steps on the edges. The lines are
200 pm to 250 pm wide and 5° to 10° inclined to the pro-
cess direction. This angle range was deliberately cho-
sen because steps are much more visible to the human
eye at these shallow angles than at steeper angles, as
for example 45°.

The low angle line was observed on the image cylin-
der, and showed the expected steps. The toner completely
filled the charged pixels, with fully untoned pixels be-
side the line as observed in all of the preceding tests.
The steps in the image are exactly as would be expected
for an image made of these pixels. The appearance of the
low angle lines electrostatically transferred to paper is
shown as a photomicrograph in Fig. 6. It shows a 3.175
mm section of the line. The visual appearance of these
0.25 mm wide lines is quite uniform. The corners of the
50 pm squares have lost some sharpness due to transfer
and fusing so that they are not visible to the human eye
under normal observation conditions. However, as seen
in Fig. 6, the steps are there and under extreme close
observation also visible to the human eye. In the case of
better transfer and fusing conditions the sharpness of
the steps in the printed image could increase and become
visible to the human eye. In this case higher resolution
(smaller pixels) or printing single gray pixels in between
the steps can be used to obtain a straight appearance of
the line edges to the human eye.

In a different set of experiments, even narrower lines
of 50, 100, and 150 pm were printed and fused on paper.
Here, steps were visible on paper under normal observa-
tion conditions. A closer investigation revealed that the
eye did not really see the rounded 50 pm edges, but the
transition between 50 and 100 pum width. This fact is not
considered as a meaningful drawback for image quality
for contact electrography, because printing applications
with lines of a width of less than 200 pm are extremely
rare. If such narrow lines are desired, the use of gray
levels on the adjacent pixel in the corner of the steps (as
mentioned before) offers an opportunity to improve the
appearance of the lines at the expense of a sharp transi-
tion from high-density line to white background.

In summary, the results obtained so far do not indi-
cate any problems for image quality due to the square
pixel shape.

Electric Fields

As shown and discussed above, contact electrography
can print single white and single black pixels under iden-
tical conditions. By a theoretical analysis we found that
the reason for the differences between the two technolo-
gies is a result of the different electric fields. In this
section we will give an outline of the analysis. More
details will be offered in a further study.”
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Figure 7. Geometry for field calculations for contact electrog-
raphy. The dielectric layer has a thickness of 8 pym and a rela-
tive dielectric constant of 3. The distance between the image
cylinder surface and development electrode is 250 pm, while
the relative dielectric constant of this region is 1.

A two-dimensional model has been created to calcu-
late the electric fields for single black and single white
pixels for contact electrography as well as electrophotog-
raphy. Using only 2 instead of 3 dimensions significantly
simplifies the calculations, while the main results also
hold for 3 dimensions.” A different way of interpreting
the results is that lines rather than pixels are modeled.

Figure 7 shows the geometry of the model for contact
electrography. The model uses the parameters of the ex-
periments. 40 um conducting pixels with 10 um gaps
(corresponding to a pitch of about 500 dpi), dielectric
layer with a thickness of 8 um and a relative dielectric
constant of 3, and 250 um distance between the surface
of the image cylinder and the development electrode,
held at a potential of +125 V.

The potential of the pixels is varied between 0 and +
250V, depending of the printed pattern. The AC volt-
age in the development system is ignored in the model
because its function it to free the toner that the DC volt-
age collects.?

A similar model is used for electrophotography. Here
the thickness of the dielectric layer is 20 pum (a typical
value for an organic photoconductor) with a relative di-
electric constant of 3. Exposure is modeled with a
Gaussian beam profile as shown in Fig. 8, with a pitch
P =50 pm (equivalent to about 500 dpi) for neighbor-
ing channels. The size of a dot D (defined as the diam-
eter where the intensity has dropped to 1/e?) has been
chosen as 1.7 times the pitch. This is a value typically
used in laser and LED printers to give good solid areas.
In this model, the photoconductor is charged to —600 V.
Dark decay is neglected and for simplification a linear
discharge curve is used, which results in a potential of
—100 V for a maximum exposure. The development elec-
trode is at a DC bias of —450 V.

The models and the parameters were used as input
for a finite element program?® to calculate the electric
fields. Figure 9 shows the resulting field for a single
black line for contact electrography and electrophotog-
raphy. Note that it is a line rather than a single pixel
because of the 2 dimensional nature of the model. Fig-
ure 10 shows the situation for single white lines. In both
figures, the electric field is plotted at a height of z = 4 pm
above the surface of the image cylinder or photo-
conductor. This position has been chosen because it
samples in first order the field at the center of the first
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Figure 8. Exposure intensity profile for a single black line
with the center at x = 100 pm.
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Figure 9. Normal component of the electric field for the con-
ditions for printing a single black line (centered at x = 100 pm)
of the model for contact electrography at z = 4 pm (thick line)
and electrophotography (thin line).
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Figure 10. Normal component of the electric field for the con-
ditions for printing a single white line (centered at x = 100 um)
of the model for contact electrography at z = 4 pm (thick line)
and electrophotography (thin line).

monolayer of a layer of toner particles sitting on a de-
veloped surface. Following the approach of Allen and
co-workers,? we assume that a negatively charged toner
particle will deposit and thus contribute to forming a
visible dot, in areas, where the normal component of
the electric field E is greater than zero, while particles
will be drawn away from areas with E < 0.
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Figures 9 and 10 clearly show the better defined elec-
tric field for contact electrography compared to electro-
photography. For electrophotography, the width of a
single black line is 68 pm (at z = 4 pm), which is con-
siderably more than the nominal width of 50 pm defined
by the pitch of 500 dpi. Similarly, the white line is with
63 pm (at z = 4 pm) too large. For contact electrogra-
phy, however, the width of the black line with 46 pm
and the white line with 55 pm (both at z =4 pm) are
much closer to the pitch of 50 um. The difference in the
electric fields explains the observed better development
with contact electrography.

The reason for the improved field with contact elec-
trography is shown in a detailed analysis in Ref. 7. The
conducting areas of the pixels confine the charges to the
pixel areas, giving a very defined border between
charged and uncharged areas, which result in an elec-
tric field closer to the ideal rectangular shape. In elec-
trophotography, the initially uniform charge layer is
structured by an exposure device with a Gaussian-like
beam profile, leading to smoother transitions between
charged and uncharged areas.

Summary and Conclusions

Superior image quality of contact electrography com-
pared to electrophotography has been experimentally
demonstrated on a pixel level. At the present resolution
of 500 dpi single white pixels in a black area as well as
single black pixels in a white area have been printed
under identical conditions. This is something that, to
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our knowledge, has not been possible with electropho-
tography. The reason for the improved performance with
contact electrography is the better-defined electric field
due to the confinement of the surface charges to the area
of the conducting pixels. In electrophotography the
Gaussian beam profile does not allow for such a well-
defined spatial surface charge distribution.

An improvement of the quality of single pixels leads
to an improvement of image quality, especially with re-
spect to color consistency. /4
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