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(57) ABSTRACT

An electronic printer comprising a source of charged toner
particles, a writing head capable of imaging individual toner
particles, means to transfer the toner image to a print
substrate, and a fuser. The writing head employs toner
conveyors driven by voltage traveling waves. Imaging is
achieved using a diverter electrode in each toner conveyor,
and diverted toner is returned to the toner source. High speed
is achieved using a plurality of independent toner conveyors
that operate in parallel. A printing press capable of printing
variable images at 200 feet per minute with a print width of
48 inches and a print resolution of 2,400 dots per inch is
described.
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ELECTRONIC PRINTING PRESS

FIELD OF THE INVENTION

[0001] This invention relates to printers and more particu-
larly to an electronic method of variable printing at high
resolution and high speed.

DESCRIPTION OF THE RELATED ART

[0002] The fastest and highest quality printers or printing
presses of today utilize offset printing or photogravure
methods. With photogravure, an imaging drum is photo-
lithographically patterned. With offset printing, image data
is typically patterned on a plate. Using either method, the
patterned surface is inked with a printing paste, and the paste
image is transferred to a print substrate at high speed, in a
repeating cycle. Thereby, multiple copies of the image data
are created on the print substrate or medium. The print
medium may be in the form of a web such as a continuous
roll of paper, with the printed web being subsequently
converted into printed sheets. The print substrate or medium
can also be in sheet form. Photogravure printers can operate
at web speeds of several hundred feet per minute, with
typical print resolutions of 2,400 dots per inch. Their image
quality is currently the best available among printers of all
types. However, economical run lengths are typically around
ten thousand printed pages because of substantial setup
procedures and “make ready” costs for each printing run.
[0003] Modern commerce utilizes imagery in advertise-
ments and brochures that often require up-to-date informa-
tion. The information can change daily or even hourly. Thus
a new type of printing has emerged, called “variable print-
ing”, or “printing on demand”. Variable printers support
short run lengths, typically a few hundred pages. They
generally employ electronic printing methods, without
requiring permanently patterned plates or drums. One such
electronic method is the laser printing method, wherein a
latent toner image is formed on a charged photoconductive
drum by modulating light from a scanning laser beam.
Where the surface of the photoconductive drum is illumi-
nated by the spot of the laser beam, it is discharged. The
resulting latent image is developed by flowing charged toner
over the drum, to form a toner image. The toner image is
typically transferred to a roll or belt and from there to a print
substrate where it is fused to form a permanent image. For
high speed printers, the laser printing process is limited by
the serial nature of the laser scan; each laser beam can image
only one pixel at a time. One pixel corresponds to one spot
or one dot on the printed page.

[0004] Chemical toners or polymerized toners are created
by growing toner particles out of a liquid bath. The prior
method of toner manufacture involved grinding of plastic
material, and sieving to classify particle size. This produced
“attrited toner” which was characterized by irregularly
shaped particles. By contrast, chemical toners produce par-
ticles with uniform size and shape. Of the available shapes,
spherical particles are the simplest and easiest to produce.
Although more primary colors are sometimes used, cyan,
magenta, yellow, and black (CMYK) form a typical set of
primary colors. A full gamut of printed colors can be created
by overlaying measured amounts of the primary colors.
Translucent toner particles typically provide the best color
quality in overlaid images of this type.
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[0005] Flat panel displays (FPDs) are currently being
manufactured on glass panels as large as 2160 mm by 2400
mm, with feature sizes (line width and space) smaller than
1 um. By comparison, the writing head of the preferred
embodiment of the current invention requires a feature size
of'around 1.8 um and a width dimension of around 50 inches
or 1270 mm.

[0006] The following related patents are hereby incorpo-
rated by reference in their entirety for their teachings:

[0007] U.S. Pat. No. 5,153,617 to Peter C. Salmon, issued
Oct. 6, 1992, for “Digitally Controlled Method and Appa-
ratus for Delivering Toners to Substrates”.

[0008] U.S. Pat. No. 5,400,062 to Peter C. Salmon, issued
Mar. 21, 1995, for “Electrostatic Printing Apparatus and
Method”.

[0009] U.S. Pat. No. 6,309,049 to Peter C. Salmon, issued
Oct. 30, 2001, for “Printing Apparatus and Method for
Imaging Charged Toner Particles Using Direct Writing
Methods”.

[0010] In particular, these patents teach the use of particle
conveyors employing voltage traveling waves (617); digi-
tally controlled toner conveyors (062); and polymerized
toners and diverter electrodes (049).

SUMMARY OF THE INVENTION

[0011] An electronic printing method is described for
printing variable images at rates of several hundred feet per
minute, with a print width of 48 inches and a print resolution
of 2,400 dots per inch. A dry toner is employed and each
particle is electrostatically charged. The imaging method
employs voltage traveling waves applied to toner conveyors
arrayed in columns, each column imaging toner for delivery
to one pixel on the printed page. The toner is imaged using
diverter electrodes, and each toner particle is individually
controlled and imaged in the preferred embodiment. For
color printing, a separate print engine is provided for each
primary color, and the print engines are arranged in series.
Thus, the primary colors are super-imposed to create the
hues of the final image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are somewhat
schematic in some instances and are incorporated in and
form a part of this specification, illustrate a primary embodi-
ment of the invention and, together with the description,
serve to explain the principles of the invention.

[0013] FIG.1 is a schematic cross-sectional view of a print
engine of the current invention.

[0014] FIG. 2 is a schematic top view of an expanded
region of a writing head of the current invention.

[0015] FIG. 3 is a cross-sectional view of a toner particle
traveling on a writing head.

[0016] FIG. 4 is a graph of voltage versus time for writing
head control signals.

[0017] FIG. 5 is a schematic top view of a portion of a
writing head showing attached integrated circuit chips and
routing of the control signals.

[0018] FIG. 6 is a schematic side view of a high speed
printing press of the current invention.
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[0019] FIG. 7 is flow chart describing the print method of
the current invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0020] Various embodiments of the present invention are
described hereinafter with reference to the figures. It should
also be noted that the figures are only intended to facilitate
the description of specific embodiments of the invention.
They are not intended as an exhaustive description of the
invention or as a limitation on the scope of the invention. In
addition, an aspect described in conjunction with a particular
embodiment of the present invention is not necessarily
limited to that embodiment and can be practiced in any other
embodiments. For instance, the preferred embodiment
describes a high-end printer with resolution of around 2,400
dpi. Lower resolution printers may have adequate quality for
many applications and may be manufacturable at lower cost.
Such lower resolution printers may use wider conveyors that
image toner in groups of multiple particles rather than one
particle at a time, yet the same imaging principles will apply.
The imaging method of the current invention may also be
employed with different supporting apparatus and methods.
For example, toner particle charging may utilize a fluidized
bed, as is known in the art; in this case toner charging will
occur externally to the toner hopper. Different methods may
be used for transferring the toner image or fusing it. For
example a transfix process could be employed, or a radiant
fuser. Additionally, other embodiments and applications will
be apparent to those who are skilled in the art.

[0021] FIG. 1 shows print engine 10, used for printing a
single color of toner. Print engine 10 includes a toner hopper
11 filled with a toner powder 12. The preferred toner is a
“single component toner”, not requiring separate carrier
particles. Toner particles preferably have a mean diameter of
around 10 um and are spherical in shape. A preferred charge
to mass ratio for toner particles used herein is twenty
micro-coulombs per gram. The particles are preferably pro-
duced by a polymerization process that results in a narrow
size distribution; for example, at least 80% of the toner
should have a diameter within 20% of the mean toner
diameter. Such a controlled size distribution is required for
the highest quality printed images at the preferred print
resolution of 2,400 dots per inch (DPI). In the preferred
embodiment, toner particles 12 are tribo-electrically charged
using a metering plate 13 working against a donor roll 14
having a textured surface, as is known in the art. Metering
plate 13 is preferably made from a thin sheet of stainless
steel; it is flexible and is pressed against donor roll 14. Donor
roll 14 is preferably at least 4 inches in diameter for high
speed operation such as 200 feet per minute printing, to be
further described. Donor roll 14 is preferably made from
aluminum with a surface that has been textured by sand-
blasting. A thin layer or monolayer 15 of charged toner
particles is formed on the surface, as shown, using over-size
particles for visualization. A flexible sheet 16 is provided at
the back side of roller 14 as shown; a preferred material for
flexible sheet 16 is polyester. Its function is to allow unused
toner to circulate back inside hopper 11, and prevent spillage
of toner 12 onto writing head 17. Writing head 17 is
preferably fabricated on a flat glass substrate, and has a print
width of 48 inches in the preferred embodiment. Writing
head 17 preferably has attached integrated circuit (IC) chips
18, which provide control voltages for conveying and imag-
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ing the toner particles, to be further described. At location X
19, diverter electrodes are provided, to be further described.
The diverter electrodes will eject from toner conveyors
particles that are not needed in the toner image. The ejected
particles are preferably returned to the toner hopper 11 using
a return conveyor, 20. After entering the hopper, returned
toner particles are brushed off of the return conveyor using
rotating brush 21. Return conveyor 20 is built on a flexible
substrate and follows a shaped path as shown. Preferably the
writing head 17 and the return conveyor 20 both employ
voltage traveling waves for conveying (transporting) the
toner, to be further described. The toner image formed at
location X 19 is conveyed to a pick-off point at location Y
22, where the imaged toner particles are transferred to a first
transfer roll 23. The transferred toner image rotates on roll
23 to a first nip 24 which pinches the print substrate 25
between the first transfer roll 23 and a second transfer roll
26. Residual toner that remains on roll 23 after the transfer
step is cleaned off using rotating brush 27. The toner image
is transferred to print substrate 25 using pressure asserted in
the first nip 24; some heating may also be applied at this step
to soften the toner particles and improve the transfer. Sub-
sequently the transferred toner image arrives at the second
nip 28 formed between opposing fuser rolls 29 and 30 where
it is permanently fused to the print substrate 25 using
pressure and heat. If print engines 10 are arranged in series
to form a multi-color printing system, the number of fuser
roll pairs may vary from one to the number of print engines
in the system. Rolls 23, 26, 29, and 30 are all preferably at
least 4 inches in diameter to support a speed of print
substrate 25 as high as 200 feet per minute. The rolls
preferably have a working length that supports an image
width of 48 inches. The preferred embodiment employs a
web feed for the print substrate (print medium), although
sheet formats may also be employed.

[0022] FIG. 2 shows an expanded region of writing head
17, illustrating toner conveyors such as 40. Conveyor 40
includes a linear array of conveyor electrodes such as 41.
Conveyor electrodes are labeled ®1, 2, 3, corresponding
to phases of a voltage traveling wave, connected in repeating
order as shown. The minimum number of phases that can be
used is 3, but 4 phases have also been successfully used.
Each toner conveyor 40 includes a diverter electrode 42
labeled “DIV,” that is positioned at location X 19 in FIG. 1,
and a transfer electrode 43 labeled “XFER” that is posi-
tioned at location Y 22 in FIG. 1. Each diverter electrode is
individually controlled, where subscript “i” refers to the
column number (conveyor number) of a particular diverter.
Idealized toner particles such as 44 are shown. Real particles
will be almost perfect spheroids, because of their method of
manufacture. However, their size will vary slightly and their
surfaces will typically include tiny particles of silica or
similar material to improve flow properties, plus sub-micron
particles of charge control agents (CCAs) that help to create
uniform total charge and a uniform distribution of charge on
the surface of the particles. Additionally, colorant is added to
the toner particles in the form of pigments or dyes. Pigments
are usually in the form of micro crystals, and dyes are
typically distributed throughout the base polymer. Barrier
electrodes 45 define the width of toner conveyor 40; they are
connected to a fixed barrier voltage (BV) that helps to
electrostatically confine particles to the conveyor without
jumping between conveyors, to be further described. Three
conveyor electrodes connected to ®1, ®2, ®3, comprise a












