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ENHANCED FUSING OF RAISED TONER USING ELECTROGRAPHY

FIELD OF THE INVENTION

This invention relates in general to printing and in particular to

raised printing to generate a tactile feel using electrographic methods.
BACKGROUND OF THE INVENTION

One common method for printing images on a receiver member is
referred to as electrography. In a particular implementation of this method,
known as electrophotography, an electrostatic image is formed on a dielectric
member by uniformly charging the dielectric member and then discharging
selected areas of the uniform charge to yield an image-wise electrostatic charge
pattern. Such discharge is typically accomplished by exposing the uniformly
charged dielectric member to actinic radiation provided by selectively activating
particular light sources in an LED array or a laser device directed at the dielectric
member. After the image-wise charge pattern is formed, the pigmented (or in
some instances, non-pigmented) toner particles are given a charge, substantially
opposite the charge pattern on the dielectric member and brought into the vicinity
of the dielectric member so as to be attracted to the image-wise charge pattern to
develop such pattern into a visible image.

Thereafter, a suitable receiver member, sometimes simply referred
to as a receiver, (e.g., a cut sheet of plain bond paper) or an intermediate transfer
member, sometimes simply referred to as an intermediate, (e.g. a compliant or
non-compliant roller or web) is brought into juxtaposition with the marking
particle developed image-wise charge pattern on the dielectric member. A
suitable electric field is applied to transfer the marking particles to the receiver
member in the image-wise pattern to form the desired print image on the receiver
or intermediate transfer member. In the case of an intermediate transfer member,
a secondary transfer step is performed whereby a second suitable electric field is
applied to transfer the marking particles from the intermediate receiver member to
the receiver member. The receiver member is then removed from its operative
association with the dielectric member and the marking particle print image is

permanently fixed to the receiver member typically using heat, and/or pressure.

PCT/US2010/046574
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Multiple layers or marking materials can be overlaid on one receiver, for example
layers of different color particles can be overlaid on one receiver member to form
a multi-color print image on the receiver member after fixing.

In order to print the images with raised areas, such as text and
graphics, for a tactile effect, such as printing using a larger toner particle to
increase the height of the printed image, it is necessary to adjust the fusing and
printing parameters that are related to the properties of the raised print to enhance
the print quality and meet customer expectations. For example, the resulting
increase in toner mass requires higher fusing temperatures and/or pressures to
properly fix the image to the print media. A fusing system that can achieve higher
fusing setpoints inevitably costs more and utilizes more energy. This invention
enables printing of raised images on high speed EP devices and also enables
printing raised images on low cost equipment with low energy requirements.

SUMMARY OF THE INVENTION

With the improved print image quality, print providers and
customers alike have been looking at ways to expand the use of electrographically
produced prints. In certain classes of printing, a tactile feel to the print is
considered to be highly desirable. Specifically, ultra-high quality printing, such as
printing for stationary headers or business cards, utilizes raised letter printing to
give a tactile feel to the resultant print output. For many of these printing
applications, in order to directly replace the standard, and more expensive,
engraving, embossing, or thermographic processes, it is highly desirable to
produce a raised letter height of 50um or greater and or to have a mass per unit
density greater then 2.5 mg/cm2. Some other instances where tactile feel in the
print would be desirable are Braille prints or print documents having security
features provided there within. Presently, the minimum height recommended for
Braille prints is 200um which may use a mass per unit density greater then 10.0
mg/cm?2.

U.S. Patent Application Publication No. 2008/0159786 describes
the use of a fifth color module in an electrophotographic printing process for
depositing a high mass laydown (>2mg/cm?) of a large clear toner particle

alongside standard, smaller sized, pigmented toner particles for producing a high
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quality print having tactile feel. However, due to limitations on: 1) toner size due
to the manufacturing process—typical processes limit toner size average diameter
to roughly 30um, and 2) the development step in the electrophotographic process
— limiting the mass laydown to roughly a double layer of clear toner, the
maximum raised letter height for a rich black text at 320% laydown for 8-9um
(0.5 mg/cm?2) pigmented toner plus the large clear toner is less than 35-40pm (4
mg/cm?2 for clear alone). This falls short of the 50pm (5.5 mg/cm2 mass per unit
area)for the height desired for directly replacing thermographically produced
prints and falls far short of the 200um (10.0 mg/cm2) recommended height for
Braille prints. In addition, achieving a ground toner size of 30um or greater
creates significant manufacturing challenges and costs: 1) changing to a non-
standard air nozzle for grinding — manufacturing inefficiency, and 2) extra size
classifying step - significantly lower manufacturing yield.

Accordingly, the invention is directed to an electrographic printing
of raised images to selected areas of a receiver member using electrographic
techniques so that they are fixed according to the properties of the raised print
such as according to the mass per unit area or toner height. In one embodiment,
by slowing down the process speed of the fuser to allow for a longer dwell so that
the large toner particles and/or toner mass needed to make raised image will
properly adhere to the print media without artifacts. To keep the energy
requirements and the cost of the equipment down a speed switching technique is
used that slows the process speed of the fuser so that the raised image is properly

fused on a wide range of paper types.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram illustrating an electrographic
printing module for use with the present invention;

Figure 2 is a schematic diagram iliustrating an electrographic
printing engine employing printing modules as illustrated in Figure 1 for use with
the present invention;

Figure 3 is a schematic side view illustrating a cross section of a

receiver member having a print image formed thereon;
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Figure 4 is a schematic side view illustrating a cross section of a
receiver member having a first raised image formed thereon;

Figure 5 is a schematic side view illustrating a cross section of a
receiver member having a second raised image formed thereon; and

Figures 6-8 are flow charts illustrating various embodiments of
processes in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the accompanying drawings, Figure 1 and 2
schematically illustrate an electrographic printer engine according to embodiments
of the current invention. Although the illustrated embodiment of the invention
involves an electrographic apparatus employing six image producing print
modules arranged therein for printing onto individual receiver members, the
invention can be employed with either fewer or more than six modules. The
invention may be practiced with other types of electrographic modules.

The electrographic printer engine 100 has a series of electrographic
printing modules 10A, 10B, 10C, 10D, 10E, and 10F. As discussed below, each
of the printing modules forms an electrostatic image, employs a developer having
a carrier and toner particles to develop the electrostatic image, and transfers a
developed image to a receiver member 200. Where the toner particles of the
developer are pigmented, the toner particles are also referred to as “marking
particles.” The receiver member may be a sheet of paper, cardboard, plastic, or
other material to which it is desired to print an image or a predefined pattern.

The electrographic printing module 10 shown in Figure 1 is
representative of each of the electrographic printing modules 10A-10F of the
electrographic printing engine 100 shown in Figure 2. The electrographic printing
module 10 includes a plurality of electrophotographic imaging subsystems for
producing one or more multilayered image or shape. Included in each printing
module is a primary charging subsystem 108 for uniformly electrostatically
charging a surface of a photoconductive imaging member (shown in the form of
an imaging cylinder 105). An exposure subsystem 106 is provided for image-wise
modulating the uniform electrostatic charge by exposing the photoconductive

imaging member to form a latent electrostatic multi-layer (separation) image of
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the respective layers. A development station subsystem 107 is provided
developing the image-wise exposed photoconductive imaging member. An
intermediate transfer member 110 is provided for transferring the respective layer
(separation) image from the photoconductive imaging member through a first
transfer nip 117 to the surface of the intermediate transfer member 110 and from
the intermediate transfer member 110 through a second transfer nip 115 to a
receiver member 200.

The electrographic printing engine illustrated in Figure 2 employs
six electrostatic printer modules 10A, 10B, 10C, 10D, 10E, and 10F each of which
has the structure of the electrostatic printer module 10 illustrated in Figure 1.
Each of the printing modules is capable of applying a single color, transferable
image to receiver members 200. The transport belt 210 transports the receiver
member 200 for processing by the printing engine 100. As the receiver member
200 moves sequentially through the printing nips of the electrostatic printer
modules 10A, 10B, 10C, 10D, 10E, and 10F, the printing modules successively
transfer the generated, developed images onto the receiving member in a single
pass.

The illustrated printing engine 100 includes six electrostatic
printing modules, and accordingly up to six images can be formed on a receiver
member in one pass. For example, printing modules 10A, 10B, 10C, and 10D can
be driven with image information to form black, yellow, magenta, and cyan,
images, respectively. As is known in the art, a spectrum of colors can be
produced by combining the primary colors cyan, magenta, yellow, and black, and
subsets thereof in various combinations. The developer employed in the
development station of printing modules 10A, 10B, 10C, and 10D would employ
pigmented marking particles of the respective color corresponding to the color of
the image to be applied by a respective printing module. The remaining two
modules, 10E and 10F, can be provided with marking particles having alternate
colors to provide improved color gamut, non-pigmented particles to provide clear
layer protection or raised print capability, or some combination thereof. For

example, the fifth electrostatic module can be provided with developer having red
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pigmented marking particles and the sixth electrostatic module can be provided
with developer having larger sized non-pigmented particles.

Following the completion of the transfer step by a plurality of the
electrostatic printing modules 10A-10F in sequence for a given receiver member,
a fusing step is performed on the receiver member to fuse the multi-color
developed image to the receiver member. The fusing step provides heat and/or
pressure to the receiver member.

For example, the transport belt 210 can move the receiver member
200 with the multi-colored image to fusing assembly 30. Fusing assembly 30
includes a heated fusing roller 31 and an opposing pressure roller 32 that form a
fusing nip therebetween to apply heat and pressure to a receiver member 200. The
fusing assembly may also apply fusing oil such as silicone oil to the fusing roller
31 depending on the application. Additional details of the developing and fusing
process are described in U.S. Publication No. 2008/0159786, published July 3,
2008 in the names of Thomas N. Tombs, et al. which is herein incorporated by
reference.

In the example shown, the same transport belt 210 is used for
transferring the receiver members 200 through the printing modules and for
moving the receiver members 200 through the fusing step so that the process
speed for fusing and the process speed for applying raised and print images are the
same. The invention is not limited to practice with a single process speed, and
separate transport mechanisms can be provided for applying images and fusing
images allowing the image applying and fusing process speeds to be set
independently.

The printing engine 100 includes a logic and control unit 123 that
includes one or more computers and in response to signals from various sensors
associated with the electrographic printer engine 100, provides timing and control
signals to the respective components to provide control of the various components
and process control parameters of the apparatus in accordance with well
understood and known employments. The logic and control unit 123 may contain
individual logic and control components 124 for each of the printing modules

10A, 10B, 10C, 10D, 10E, and 10F. This control system allows control of the
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fuser and paper path speed as well as all related setpoints that effect the printing
and fusing of raised prints, also referred to as fixing of raised prints or raised
images.

According to principles of the present invention, the process for
printing the raised information and enhancing the fusing of this raised toner,
and/or the process printing parameters are adjusted, thus effectively slowing down
the process speed of the fuser to allow for a longer dwell so that the large toner
particles and/or toner mass needed to make raised images will properly adhere to
the print media without artifacts. In one embodiment described below a speed
switching technique is used to slow down the process speed of the fuser (and the
EP process in some embodiments) so that the raised image is properly fused on a
wide range of paper types. This slow down can be handled by automatically
slowing down the printing speed for the entire job and/or alternatively, when the
printer detects the presence of dry-ink station containing toner that enables raised
printing it changes modes so that it prints at a slower speed. In other
embodiments the printer changes the appropriate fusing and EP set-points that are
optimum for printing at the new speed. These set points include one or all of the
following including those that control the fusing setpoints, writing setpoints for
writing the image, paper feeding related setpoints, toner feeding and mixing
apparatus related setpoints and controlling the photoconductor and related aspects
of printing related setpoints.

By adjusting these setpoints and automatically switching the speeds
of paper flow of the receiver through the fusing system, using this invention,
prints were made with raised images up to 30 um in height on 300 gsm paper at 83
ppm on a NexPress printing press. However, when attempting to fuse at higher
speeds fusing artifacts (cold offset) were generated even though the fuser was set
to its highest practical temperature and pressure. Using the enhanced method
described below the printer was also able to print raised images up to 50 um in
height on 300 gsm paper at 70 ppm but when attempting to fuse at higher speeds
fusing artifacts (cold offset)) occurred even though the fuser is set to its highest

practical temperature and pressure.
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For the purpose of providing selective printing of raised printed
information using an electrographic printing apparatus, for example for the
purpose of generating a tactile feel, printed images can be generated using one or
more of printing modules of the print engine with pigmented marking particles,
and selected electrostatic printing modules of the printing engine can be provided
with non-pigmented, non-marking particles (e.g. clear toner). By printing non-
marking particles on top of a print image formed using marking particles, raised
print information, for example raised lettering can be applied to a receiver
member.

The term particle size, as used herein to refer to developer particles
including the carrier, marking and non-marking particles means the mean volume
weighted diameter as measured by conventional diameter measuring devices, such
as a Coulter Multisizer, sold by Coulter, Inc. The mean volume weighted
diameter is the sum of the mass of each particle times the diameter of a spherical
particle of equal mass and density, divided by total particle mass.

The principle employed in providing tactile feel is to achieve a post
fusing stack height of at least 20um, this can in certain environments be created
from a toner laydown of around 2.3 mg/cm?2 on a receiver member. The amount
of laydown thaf can achieve some of the heights mentioned below are indicated
following the heights mentioned below with the understanding that these are
based on the one embodiment described and could vary if the printing conditions
changed from those described. However, 40 to 50um (5.5 mg/cm2) and greater
stack heights are often desirable for some applications, and in some cases even
greater stack heights including heights created from toner laydown of 10 mg/cm2
and more are required.

With a typical electrographic printing module, developing stéps
using two component developer systems are limited to applying two layers of
toner particles due to counter charge issues. The resulting stack height after
fusing a single layer of 8-9um (0.5 mg/cm2) marking particles is about half that
(4um). Building up the stack height could be accomplished by using several
printing modules to build up layers of toner particles. But increasing the stack

height using standard sized particles would limit the number of printing modules
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available for depositing pigmented color modules. Accordingly, particles
substantially larger than 8-9um (0.5 mg/cm2) are employed to provide raised
printing having post fusing stack heights greater than 20pm.

Techniques for employing developers having toner particles of
greater than 20um can be used to provide raised printing. Typically
electrographic printing modules employing such particles can apply two layers per
module whereby the 2 layers of 20um (2.3 mg/cm2) particles produce a post
fusing stack height of about 20pm (2.3 mg/cm2).

According to principles of the present invention, a print image can
be transferred to a receiver member using one or more of the available
electrographic print modules in a single pass. To form a print image having the
highest quality, the print image can be formed using a layer of small, pigmented
marking particles having a standard, general volume average diameter of less than
8-9um (0.5 mg/cm?2) .

The print image can be a multi-colored print image formed by
using a plurality of electrographic print modules. Referring to Figure 2, by using
electrographic print engine 100, electrographic print module 10A can form yellow
(Y) toner separation images, electrographic print module 10B can form magenta
(M) toner separation images, 10C can form cyan (C) toner separation images,
while 10D can form black (K) toner separation images. While the use of C, Y, M,
and K images allows generation of a print image having a spectrum of colors the
invention may be practiced using other colors.

The electrographic printing modules 10A, 10B, 10C, and 10D are
controlled using electrographic process-set points, control parameters, and
algorithms appropriate for the developer for printing using the marking particles
and carrier particles of the print image. The set-points, control parameters, and
algorithms can be implemented in logic forming part of the logic and control unit
123.

After electrographic printing modules 10A, 10B, 10C, and 10D
have been used to deliver the multi-color portion of the print image to the receiver
member 200, a plurality of remaining modules can be used to form raised images

on selected areas of the receiver member 200. By employing multiple printing
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modules to apply raised images to the receiver member in a single pass, a final
stack height can be obtained for providing the required tactile feel.

Figure 3 shows a receiver member 200 having a print image 300
formed using print modules 10A, 10B, 10C, and 10D. As shown in Figure 3, the
print image has a stack height “t.” Where 8-9um (0.5 mg/cm2) marking particles
are used, the print image stack height can be between 4 and 8um after the fusing
process.

The development stations for electrographic printing modules 10E
and 10F supply developer that includes carrier particles and non-pigmented non-
marking particles. The non-marking particles used in forming the raised images
are substantially larger in size than the standard sized marking particles used in
forming the print image. For example, the volume average diameter of the non-
pigmented toner particles may be between greater than 14um, and preferably
between 20 um (2.3 mg/cm2 mass per unit area) and S0um(5.5 mg/cm2 mass per
unit area), and more preferably between 20 um(2.3 mg/cm2 mass per unit area)
and 30pum(4.0 mg/cm2 mass per unit area)um.

Using printing module 10E, the printing engine 100 forms a first
raised image. Referring to Figure 4, it may be appreciated that the first raised
image 302 is formed in selected areas of the receiver member 200 on which the
printed image 300 has been formed. The selected areas for forming the first raised
image 302 can include areas that overlap areas having marking particles from the
print image 300, but can also be formed in areas where no marking particles for
the first print image are disposed.

Next, the printing engine 100 forms a second raised image using
printing module 10F. Referring to Figure 5, it may be appreciated that the second
raised image 304 is formed in second selected areas of the receiver member 200
on which the printed image 300 and the first raised image has been formed. The
second selected areas for forming the second raised image 304 can include areas
that overlap areas having marking particles from the first raised print image 302,

but can also be formed in areas of the receiver member where no marking
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particles for the first print image are present and areas in which no marking
particles for the first raised image are present.

Where the second raised image 304 overlaps with the first raised
image 302 and the print image, a desired stack height T for achieving the desired
tactile feel can be obtained, whereas in those areas where only one of the first and

second raised images is applied, a lesser stack height T’ is obtained. Using the

‘larger non-marking particles for generating the larger portion of the desired stack

height achieves larger stack heights while reserving an adequate number of
printing modules for applying a print image. Further, using the smaller marking
particles for applying the print image allows a high quality print image even when
clear, raised, images are printed on the print image. In addition, using small size
marking particles for image areas where the raised effect is not needed and large
non-marking particles for areas where the raised effect is desired enables the
ability to simultaneously produce a raised image and a non-raised image. Finally,
the use of small size marking particles for image areas where the raised effect is
not needed minimizes the cost of producing the print since less mass is required
when smaller marking particles are utilized.

In other embodiments of the invention, a multi-colored print image
may be applied to the print receiver using fewer than four print modules.
Referring to Figure 2, electrographic print module 10A can form yellow (Y) toner
separation images, electrographic print module 10B can form magenta (M) toner
separation images, while 10C can form a cyan (C) toner separation images. When
printing a multi-colored image using yellow, magenta, and cyan, images, black
color may be generated by applying equal amounts of yellow, magenta, and cyan
in the desired area of the print image. In this case, three printing modules,
namely, modules 10D, 10E, and 10F are available for forming raised images on
selected areas of the receiver. In yet another embodiment, a single print module
can apply a monochromatic or gray scale print image to the receiver member
using standard sized marking particles. For example, using a single print module
of print engine 100 to apply a monochromatic print image reserves five modules
for applying raised images. For example, after the printing engine 100 forms a

single color print image on the receiver member 200 using print module 10A, a
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plurality of the remaining modules are available for forming raised images on the
receiver member 200. Using the print engine illustrated in Figure 2, two, three,
four, or five raised images may be formed in succession on a receiver member
using two or more of printing modules 10B, 10C, 10D, 10E, and 10F, enabling
raised post fusing print heights well in excess of 100um.

Image data for writing by the printer apparatus 100 may be
processed by a raster image processor (RIP), which may include a color separation
screen generator or generators. The output of the RIP may be stored in frame or
line buffers for transmission of the color separation print data to the exposure
units of each of the respective print modules used for applying the print image.
The RIP and/or color separation screen generator may be a part of the printer
apparatus or remote therefrom. Image data processed by the RIP may be obtained
from a color document scanner or a digital camera or generated by a computer or
from a memory or network which typically includes image data representing a
continuous image that needs to be reprocessed into halftone image data in order to
be adequately represented by the printer. The RIP may perform image processing
processes including color correction, etc. in order to obtain the desired color print.
Color image data is separated into the respective colors and converted by the RIP
to halftone dot image data in the respective color using matrices, which comprise
desired screen angles and screen rulings. The RIP may be a suitably programmed
computer and/or logic devices and is adapted to employ stored or generated
matrices and templates for processing separated color image data into rendered
image data in the form of halftone information suitable for printing.

In areas where one or more raised images overlap a colored print
image, the apparent color of the print image as viewed through the raised image
may change. In order to produce a finished printed product in which colors
appear consistently across a receiver member, the algorithm for generating the
color separation include a color profile that generates a different color separation
in areas where the print image is overlapped by a raised image than in areas where
the print image is not overlapped by a raised image. In one embodiment, two
color profiles are created. The first color profile is for 100% clear or non-

pigmented toner coverage on top, and the second color profile is for 0% clear
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toner coverage on top. On a pixel by pixel basis, proportional to the amount of
coverage called for in the clear toner image plane, a third color profile is created,
and this third color profile interpolates the values of the first and second color
profiles. Thus, a blending operation of the two color profiles is used to create
printing values. In a preferred embodiment, a linear interpolation of the two color
profile values corresponding to a particular pixel is performed. It is understood,
however, that some form of nonlinear interpolation may be used instead.

A clear toner overcoat can be provided in areas of the receiver
member where raised printing is not desired. One method of enhancing fusing is
to provide good adhesion to a receiver member when there is a large variation in
toner mass laydown on a receiver member. The described method includes the
steps of forming multicolor toner images, determining the amount of clear
overcoat mass laydown (OML) as a function of the color mass laydown (CML) or
non-raised mass laydown (NRML) of one or more layers of color toner, and
fusing the clear toner overcoat and the multicolor toner image at a fusing
temperature determined by the maximum total mass laydown (TML) and the nip
width to provide good adhesion to the receiver member while optimizing fuser
offset latitude. It has been found that the deposition of a significantly less than
100% coverage of clear toner in the non-raised image areas, defined as the OML
and significantly less than 2.0mg/cm?, can serve as a protective overcoat layer,
pushing the hot offset failure to a higher temperature, thereby enhancing the fuser
offset latitude and enabling the use of a high mass laydown of toner for a raised
print application in all circumstances, for example when one or more receivers are
of a dense or coated paper, which does not readily absorb oil. Essentially, the
total toner mass laydown of the non-raised regions (the sum of the NRML and
OML) is increased so as to avoid excessive heating and cohesive failure.
Preferably, this coverage is in the range of 0% to 60%, the exact coverage
depending upon the mass laydown of the non-clear toner (NRML) as well as other
factors describing the fuser subsystem, the toner materials, and the receiver
member. Note that in general the mass laydown per area of the protective
overcoat layer (OML) is non-linear with % coverage, such that 50% coverage will

be noticeably less than % of the mass laydown associated with 100% coverage.
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Another benefit of this protective layer is the reduction of the color shift observed
between raised and non-raised image areas. The low coverage of clear toner in
the non-raised image areas is still sufficient to reduce the toner flow in fusing,
thereby resulting in more similar color shifts as observed in the raised image
areas, the color shift being measured relative to a CMYK toner laydown without
any protective layer.

The image data for printing the raised images may be developed in
a number of ways. In one embodiment, the raised image data can be generated
from the print image information to correspond to certain types of objects in the
print image. For example, the raised image data may be generated to correspond
to a text object so that the text object will be printed with raised printing. In this
case a digital front end for the print module will generate data for driving the
exposure units of the plurality of print modules used for applying the
correspondingly numbered raised images to the receiver member. The raised
image is applied to completely overlap the print image. In that case, data for the
raised image information is again derived from the color or mono-chrome data for
printing the print image, but is computed such that the raised image is applied in
the entire area for applying the print image. For example, where a CYMK print
image is applied, the raised information is generated to have a value for any pixel
or area in which either a C, Y, M, or K image information as a non-zero value.

The raised data may be retrieved from a suitable database
containing a pattern to enable the variable data printing of tactile images wherein
the background texture may, for example, provide the impression of a painter's
canvas, an acrylic painting, a basketball (pigskin), sandstone, sandpaper, cloth,
carpet, parchment, skin, fur, or wood grain. The locations for applying the pattern
can also be specified independently of the data for the print image so the texture
may be applied in specific areas of the receiver members.

Although specific modules were described as providing the print
image and the raised images in the examples below, the invention is not limited to
being practiced in this manner. For example, the selected areas for applying the
raised images may not overlap any areas for applying the print image. As another

example, it may be desired to display a tactile image in portions of the receiver
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member that do not include the print image. In such a case, any sequence of
modules can be used for applying the print image and the raised image.

On the other hand, in applications requiring raised printing such as
raised text, a print image is applied to the receiver member in the areas requiring
raised printing prior to applying the raised images. When applying the raised
printing in a single pass, the modules selected for applying the raised printing are
chosen to apply clear toner following the application of the print image.

Further, although the invention is described herein using an
example printing engine having six print modules, the number of print modules is
exemplary and the invention may be practiced with an apparatus having a
different number of print modules.

Additionally, the developer for applying the raised images has been
described as applying non-marking particles which are not pigmented. In an
alternative embodiment, the developer for applying the raised images may contain
pigmented toner particles having a size substantially larger than the marking
particles for applying the print image.

When printing the raised images using a substantially larger size
marking particle in a plurality of electrographic modules it may be advantageous
to alter one or more electrographic process set-points, or operating algorithms, to
optimize performance, reliability, and/or image quality of the resultant print.
Examples of electrographic processes set-point (or operating algorithms) values
that may be controlled in the electrographic printer to alternate predetermined
values when printing raised information include, for example: fusing temperature,
fusing nip width, fusing nip pressure, imaging voltage on the photoconductive
member, toning station transfer voltage, image transfer voltage and image transfer
current, and the amount of fusing oil applied during the fusing process. In an
electrographic apparatus that makes raised information prints, a special mode of
operation may be provided where the predetermined set-points (or control
parameters or algorithms) are used when printing the raised information. That is,
when the electrographic printing apparatus prints non-raised information images, a

first set of set-points/control parameters are utilized. Then, when the
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electrographic printing apparatus changes mode to print raised information
images, a second set of set-points/control parameters are utilized

In an electrographic fusing process, the fused toner does not
penetrate substrate fibers of the receiver member, but remains entirely above the
paper substrate. The fusing step can reduce the height of the toner lay down by
approximately one half. As discussed above, parameters for a fusing process that
effectively fixes the toner to the receiver member may vary depending on the
number of printer modules used for raised printing and the sizes of the marking
particles used in applying the print and raised images, as well as the physical and
thermal properties of the receiver member. Additionally, parameters such as the
one or more sets of fusing parameters for printing raised information can be stored
in a memory associated with the printing engine and can be selected and applied
based on parameters such as the type of receiver member, the desired post fusing
stack height, fusing process speed, the number of print modules used for applying
a print image, the sizes and types of toner particles used for applying raised and
print images, and the number of print modules used for applying raised images.
The parameters may be input manually by an operator, may be determined
automatically by sensors associated with the print modules, or a combination of
manual entry and parameter sensing may be employed.

Preferably the marking particles used for printing the raised
information have a substantially larger general average mean volume weighted -
diameter than the particles for applying the print information. For example, the
marking particles for printing the print information may have a standard general
average mean volume of less than 9um (e.g. 8um), while the marking particles for
printing the raised information may have general average mean volume weighted
diameter between 12 and 30pum (e.g. between 21 and 30pm).

In an example electrographic print engine according to an
embodiment of the invention using 8um marking particles for applying the print
image information, and using 20um particles for printing the raised image
information, toner lay down coverage of up to 5 mg/cm® were achieved in areas
where the print image and a first and second raised image were applied resulting

in post-fusing stack heights of about 50um. By way of contrast, when applying
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several imaging modules using the 8um marking particles, lay down coverage of
about 0.4 to 0.5 mg/cm? is typical for each applied layer. Employing enough
printing modules to achieve the desired stack heights using 8um particles would
severely limit the number of available modules for depositing color toners,
reducing the achievable color gamut for the final image.

On the other hand, by employing multiple print modules using
large non-marking particles to apply raised print images, increased post-fusing
stack heights can be achieved using the available print modules for a printing
engine. For example, by using four or five modules to apply raised printing
images using the larger, non-marking particles, fixed stack heights of 100pm and
greater are possible using electrographic printing.

In the examples described above, the larger sized toner particles for
printing raised images have been described as non-pigmented, non-marking
particles. The invention may also be practiced with larger sized pigmented
particles being used to provide the raised images. For example, raised text of a
particular color may be applied using the apparatus described by replacing one or
more of the larger sized non-marking particles with larger sized, pigmented,
marking toner particles.

Further, in the examples described above, each module for printing
a raised image employed toner particles having the same volume average
diameter. The invention is not limited to being practiced in this fashion. The
plurality of print modules used for applying raised images may employ toner
particles having differing sizes provided that the volume average diameter
employed by each of the print modules is substantially larger than the standard
sized particles. For example, when applying two raised images to a receiver
member, the toner particles for printing the first raised image may be substantially
larger than the toner particles for printing the second raised image.

An enhanced fusing method for applying raised printing to a
receiver member in an electrographic printer that includes slowing down the
process speed of the fuser to allow for a longer dwell so that the large toner
particles and/or toner mass needed to make raised image will properly adhere to

the print media without artifacts is described with reference to Figure 6. The
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method uses the apparatus illustrated in Figures 1 and 2 and includes steps for
exploiting the capabilities of the electrophotograhic printer. This method can be
implemented with one or more controllers. Thé method includes control of the
one or more speed related fuser parameters that effect the effective fusing of
raised toner. These setpoints are different than those used to print images that do
not include raised toner, sometimes referred to as non-raised toner or non-raised
toner images or prints.

For example, when raised print is used then the speed of the
receiver can be set based on a mass/unit area or height related value for that
parameter. This in one embodiment, results in effectively slowing down the
process speed of the fuser to allow for a longer dwell so that the large toner
particles and/or toner mass needed to make raised image will properly adhere to
the print media without artifacts. In one embodiment of this method, a speed
switching technique is used to slow down the process speed of the fuser (and the
EP process in some embodiments) so that the raised image is properly fused on a
wide range of paper types. This embodiment can use a look up table (LUT) or
separate memory device can be used to implement the automatic speed switches
as needed.

The electrographic printing method 600 begins at step S605 in
which set points of the electrographic print engine are set up for printing raised
information. In particular, and as described above, set points for the fuser may be
adjusted so that the printing on the receiver member will be properly fixed. In
addition, process speed for moving the receiver members through the print engine
may be set differently than for a process in which raised printing will not be
applied. In one embodiment S605-determines if page (or job) to be printed will
include any image content that has a mass per unit area greater than a pre-
determined value, e.g. > 2 mg/cm2, (raised image, RI, content).

Process 600 continues at step S610 in which parameters and set
points for applying the print image and fusing are applied. For example, the
imaging voltage, the toning voltage, magnetic brush operating parameters, the
image transfer voltage and the image transfer current may be set as appropriate for

applying developer using standard sized marking particles. These parameters and
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set points are applied to those modules for applying the print image. Specifically
in one embodiment S610 the determining step determines the speed parameter
based on the mass per unit area of the desired raised image. For example when
raised image content is detected change fuser speed to raised ink or toner (RI)
fusing setpoint, e.g. reduce speed by 50%). Process 600 continues at step S615 in
which the print image, including a raised image, is applied to the receiver member
using raised information to print raised images.

Following the application of the print image, the parameters,
values, and set points for applying raised images are established at step S620,
including both fusing and non-fusing related parameters. Non-fusing parameters,
for example, include imaging voltage, a toning station voltage, magnetic brush
operating parameters, an image transfer voltage as well as paper, intermediate and
photoconductor speeds and an image transfer current. Some fusing related
parameters include, for example, temperature, pressure, nip width, and speeds of
the fusing related members such as the fuser member related speeds. The fuser
members can include fuser rollers, fuser belts, and proper transport device speeds.

In one embodiment, the marking particles for printing the raised
images are typically substantially larger than those for printing the print image,
and some of the electrographic parameters and set points are applied to those
modules for applying the raised images may be different than those applied to the
modules for applying the print image. For example, the printing engine 100 can
form a multi-colored print image on the receiver member 200 using print modules
10B, 10C, 10E, and 10F. Printing module 10A can be used to apply a first raised
image using a first larger than standard sized toner particle (e.g. a 20um marking
particle), and printing module 10E can be used to apply a second raised printing
image using a second larger than standard sized toner particle (e.g. a 30pm
marking particle).

In particular in S620, the printer system fixes the image on receiver
member by applying the RI speed related fuser set point to effect the fusing of
image containing raised image content. The speed is set based on mass/unit area

or height thus effectively slowing down the process speed of the fuser to allow for
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a longer dwell so that the large toner particles and/or larger toner mass needed to
make raised images will properly adhere to the print media without artifacts.

Also brocess 600 can continue so that the first raised image is
applied to the receiver member in first selected areas of a receiver member and a
second raised image is applied in second selected areas of a receiver member.
The first selected areas may be the same as the second selected areas. The first
selected areas and the second selected areas may overlap with all or some portion
of the print image. Alternatively, the print image and the raised images may
occupy separate areas of a receiver member. Following application of the first
and second raised image, the print image and the raised images are fused on the
receiver member to fix the combined image. Additional process steps can be
added to process 600 when more than 6 print modules are used as described in co-
pending application U.S. Serial number 12/404,485 which herby incorporated by
reference.

Figure 7 describes another embodiment of the enhanced fuser
system for raised print. In this embodiment the fusing enhancement includes
using the printer to detect the presence of a raised toner or dry-ink station
containing toner that enables raised printing it changes modes so that it prints at a
slower speed. This is automated and can be used in conjunction to the other
methods described herein. This leads to a printer being able to always handle
raised toner because it always changes the appropriate fusing and EP set-points
that are optimum for printing at the new speed. First step S705 determines the
raised toner setpoints as described above in conjunction to step 605.

Then in step S710, when the raised image content is detected then
the raised image speed related set points are changed including fusing speeds,
paper path speeds, photoconductor surface speed, intermediate transfer surface
speed, and other EP process related values such as the writer exposure duration
and/or amplitude, writer start of line frequency, transfer bias setpoints (voltage
and or current), toning station bias setpoints, toning station developer feed rate,
erase lamp amplitude, charging bias setpoints, and finisher speeds when needed.

The raised image is applied in step S715 similarly to step S615 described above
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and the image fused in stepS720, which fixes the image on the receiver member
by applying the raised toner speed related fuser set points to effect the fusing of
the image containing raised image areas. The speed is set based on mass/unit area
or height thus effectively slowing down the process speed of the fuser to allow for
a longer dwell so that the large toner particles and/or toner mass needed to make

raised image will properly adhere to the print media without artifacts.

Another electrographic printing method for applying raised
printing to a receiver member will be described with reference to Figure 8. The
electrographic printing method can be performed using the apparatus

Once again this method can utilizing a speed switching technique
that slows the process speed of the fuser (and the EP process in some
embodiments) so that the raised image is properly fused on a wide range of paper
types. The electrographic printing method 800 begins at step S80S in which set
points of the electrographic print engine are set up for printing raised information.
In particular, and as described above, set points for the fuser may be adjusted so
that the printing on the receiver member will be properly fixed. In addition,
process speed for moving the receiver members through the print engine may be
set differently than for a process in which raised printing will not be applied. In
one embodiment S805-determines if page (or job) to be printed will include any
image content that has a mass per unit area greater than a pre-determined value,
e.g. > 2 mg/cm2, (raised image, RI, content).

The process continues at step S810 when the required raised toner
speed and additional related fuser set points are determined based on the Raised
Information Printer set points that effect the fusing of raised toner. Then in step
S815 the raised image is applied to the receiver member using raised information
to print raised images, determining the speed parameter based on the mass per unit
area of the desired raised image.

Finally in step S820 the image is fixed or fused on the receiver
member by applying the raised toner speed related fuser set points to effect the

fusing of raised toner but not the non-raised toner. The speed is set based on
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mass/unit area or height thus effectively slowing down or speeding up
interactively/automatically so that the process speed of the fuser to allow for a
different dwell time so that the large toner particles and/or toner mass needed to

make raised image will properly adhere to the print media without artifacts.
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PARTS LIST

electrographic printing modules
fusing assembly

heated fusing roller

Fuser pressure roller
electrographic printer engine
photoconductive drum

exposing unit

development station

charging module

intermediate transfer member drum
second transfer nip

first transfer nip

rotating lower transfer drum
uniform electrostatic charge meter
post exposure charge meter

logic and control unit

module logic and control component
receiver member

transport belt

print image

first raised image

second raised image
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WHAT IS CLAIMED IS:

1. An electrographic printing method for forming raised
information on a receiver member, the method comprising:

forming a print image having a raised image electrographically on
first raised image area of the print image on the receiver;

setting a raised fusing parameter to a raised fusing value for fixing
the print image with the raised images to the receiver member that is distinct from
a fusing parameter value for fixing a print image without the raised images,

transporting the receiver member through a fuser assembly
controlled by a fuser assembly controller for setting raised fusing parameters
based on a determination by the controller;

adjusting the transport speed of the receiver member through the
fuser assembly to compensate for the first raised image areas using the raised
fusing value; and

fixing the print image, including the raised images, to the receiver

member using a fuser employing the raised fusing parameter value.

2. The method according to claim 1, the raised fusing value
further used to control the speed of the receiver member transported through said
fuser assembly based on stored parameters, the parameters required for fusing
particular types of receiver members under various desired conditions based on

information from the image and the receiver member type.

3. The method according to claim 1, further comprising
slowing down fuser with the paper path as well as the changing the pressure

and/or temperature settings in the printer.

4, The method according to claim 3, further comprising

adjusting the intermediate member speed.

PCT/US2010/046574
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5. The method according to claim 1, wherein the raised image
is formed on the receiver member using one of a mass/unit area and/or height that

is more than that used for non-raised print using for that image.

6. The method according to claim 5, wherein the mass/unit
area and/or height used to make the raised image is formed using first toner
particles having an average diameter substantially larger than a standard sized

marking particles used for non-raised print images.

7. The method according to claim 1, wherein the mass per unit
area of the raised image is substantially larger than the mass per unit area of the

non-raised image.

8. The method according to claim 1, wherein the raised area
on a portion of the receiver member has a mass per unit area of at least 2.0

mg/cm?2 on the portion of the receiver member.

9. The method according to claim 1, wherein the raised area
on a portion of the receiver member has a mass per unit area of at least 4.0

mg/cm?2 on the portion of the receiver member.

10.  The method according to claim 1, wherein the raised area
on a portion of the receiver member has a mass per unit area of at least 5.5

mg/cm2 on the portion of the receiver member.

11.  The method according to claim 1, wherein forming a print
image electrographically on a receiver member comprises forming a print image

using a single print module.

12.  The method according to claim 1, wherein an algorithm for

generating image information for applying the print image in an area of the
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receiver member overlapped by at least one of the first raised image and the
second raised image is different from an algorithm for generating image
information for generating the print image in an area of the receiver member not
overlapped by the first raised image and not overlapped by the second raised

image.

13.  The method according to claim 1, further comprising
forming a second raised image electrographically on second selected areas of the
print image on the receiver member using toner particles having a volume average
diameter substantially larger than volume average diameter of the standard sized

marking particles.

14. An electrographic printer for forming raised information on
a receiver member comprising:

a fuser assembly having a pair of rollers in nip relation to apply
heat and/or pressure to a receiver member bearing a raised image to fuse the raised
image to such receiver member using a raised fusing parameter adjusted to a
raised fusing value for fusing the print image with the raised images to the
receiver member that is distinct from a fusing parameter value for fusing a print
image without the raised images;

a motor for rotating said pair of rollers to provide a drive in the
roller nip to transport the receiver member through the fuser assembly;

a mechanism for controlling the speed of the receiver member
transported through the fuser assembly, the speed control mechanism comprising:

an input device for storing parameters required for fusing particular
types of receiver members under various desired conditions;

a device for determining fuser control parameters, including raised
fusing parameters, based on information from the input device and selection of a
particular receiver member type and certain conditions;

and a fuser assembly controller for setting raised fusing parameters
to raised fusing values based on the determination by said determining device, and

for adjusting the motor for rotating the pair of rollers to set the transport speed of
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the receiver member through the fuser assembly to compensate for the raised

image.

15.  The apparatus of claim 14 wherein the raised fusing

parameter is based on nip load.

16.  The apparatus of claim 14 wherein the raised fusing

parameter is based on nip width.

17.  The apparatus of claim 14 wherein the raised fusing
parameter is based on one of a mass/unit area and/or height that is more than that

used for non-raised print using for that image.

18.  The apparatus of claim 14 wherein the input device and the

determining device are integral with the fuser assembly controller.

19.  An electrographic printing method for forming raised
information, the method comprising:

receiving a receiver member;

selectively applying first standard size marking particles onto the
receiving member by a first print module;

selectively applying first larger sized toner particles having a
volume average diameter larger than the standard size marking particles onto the
receiving member by a second print module;

selectively applying second larger sized toner particles having a
volume average diameter substantially larger than the standard size marking
particles onto the receiving member by a third print module; and

setting a raised fusing parameter for fixing the print image and the
raised images to the receiver member to a changed value distinct from a value for
fixing a print image without the raised images, and fixing the print image and the
raised images to the receiver member using a fuser employing the changed

parameter value.

PCT/US2010/046574
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20.  The method according to claim 13, wherein the standard
size marking particles have a volume average diameter of less than 9um, and the
first and second larger sized toner particles have a volume average diameter of

5  greater than 14pum.
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600 ‘—w

METHOD TO ENHANCE RAISED TONER FUSING TO SET
THE SPEED OF RAISED TONER SPEED RELATED FUSER
PARAMETERS THAT EFFECT THE EFFECTIVE FUSING OF
RAISED TONER. THESE ARE DIFFERENT THEN THAT FOR

NON-RAISED TONER. THE SPEED IS SET BASED ON
MASS/UNIT AREA OR HEIGHT

S605 j

DETERMINE IF PAGE (OR JOB) TO BE PRINTED WILL
INCLUDE ANY IMAGE CONTENT THAT HAS A MASS PER
UNIT AREA GREATER THAN A PRE-DETERMINED VALUE,
E.G. > 2 MG/CM?, (RAISED IMAGE, RI, CONTENT)

3610'—w

DETERMINING THE SPEED PARAMETER BASED ON THE
MASS PER UNIT AREA OF THE DESIRED RAISED IMAGE.
FOR EXAMPLE WHEN ANY RAISED IMAGE CONTENT IS
DETECTED CHANGE FUSER SPEED TO RI FUSING
SETPOINT, E.G. REDUCE SPEED BY 50%

8615~w

APPLY RAISED IMAGE TO RECEIVER MEMBER USING
RAISED INFORMATION TO PRINT RAISED IMAGES

S620 j

FIX IMAGE ON RECEIVER MEMBER BY APPLYING THE RI
SPEED RELATED FUSER SET POINT TO EFFECT THE
FUSING OF IMAGE CONTAINING RAISED IMAGE
CONTENT. THE SPEED IS SET BASED ON MASS/UNIT
AREA OR HEIGHT THUS EFFECTIVELY SLOWING DOWN
THE PROCESS SPEED OF THE FUSER TO ALLOW FOR A
LONGER DWELL SO THAT THE LARGE TONER
PARTICLES AND/OR LARGER TONER MASS NEEDED TO
MAKE RAISED IMAGES WILL PROPERLY ADHERE TO THE
PRINT MEDIA WITHOUT ARTIFACTS

FIG. 6



WO 2011/028557 PCT/US2010/046574

7/8
700

METHOD TO ENHANCE RAISED TONER FUSING BY
AUTOMATICALLY SLOWING DOWN THE PRINTING SPEED FOR
THE ENTIRE JOB OR EFFECTIVELY SLOWING DOWN THE
PROCESS SPEED OF THE FUSER TO ALLOW FOR A LONGER
DWELL SO THAT THE LARGE TONER PARTICLES AND/OR
TONER MASS NEEDED TO MAKE RAISED IMAGE WILL
PROPERLY ADHERE TO THE PRINT MEDIA WITHOUT
ARTIFACTS UTILIZING A SPEED SWITCHING TECHNIQUE THAT
SLOWS THE PROCESS SPEED OF THE FUSER (AND THE EP
PROCESS IN SOME EMBODIMENTS) SO THAT THE RAISED
IMAGE IS PROPERLY FUSED ON A WIDE RANGE OF PAPER
TYPES. NOTE THAT THIS LEADS TO A PRINTER BEING ABLE
TO ALWAYS HANDLE RAISED TONER BECAUSE IT ALWAYS
CHANGES THE APPROPRIATE FUSING AND EP SET-POINTS
THAT ARE OPTIMUM FOR PRINTING AT THE NEW SPEED

S706 1
DETERMINE RAISED INFORMATION PRINTER SET POINTS
(SEE 605 ABOVE)
S71
710 ) ]

WHEN RAISED IMAGE CONTENT IS DETECTED CHANGE
RAISED IMAGE SPEED RELATED SET POINTS INCLUDING
FUSING SPEEDS, PAPER PATH SPEEDS, PHOTOCONDUCTOR
SURFACE SPEED, INTERMEDIATE TRANSFER SURFACE
SPEED, AND OTHER EP PROCESS RELATED VALUES SUCH AS
THE WRITER EXPOSURE DURATION AND/OR AMPLITUDE,
WRITER START OF LINE FREQUENCY, TRANSFER BIAS
SETPOINTS (VOLTAGE AND OR CURRENT), TONING STATION
BIAS SETPOINTS, TONING STATION DEVELOPER FEED RATE,
ERASE LAMP AMPLITUDE, CHARGING BIAS SETPOINTS, AND
FINISHER SPEEDS (IN SOME EMBODIMENTS).

S715’j

APPLY RAISED IMAGE TO RECEIVER MEMBER USING RAISED
INFORMATION TO PRINT RAISED IMAGES

S720 l

FIX IMAGE ON RECEIVER MEMBER BY APPLYING THE RAISED
TONER SPEED RELATED FUSER SET POINTS TO EFFECT THE
FUSING OF THE IMAGE CONTAINING RAISED IMAGE AREAS.
THE SPEED IS SET BASED ON MASS/UNIT AREA OR HEIGHT
THUS EFFECTIVELY SLOWING DOWN THE PROCESS SPEED
OF THE FUSER TO ALLOW FOR A LONGER DWELL SO THAT
THE LARGE TONER PARTICLES AND/OR TONER MASS
NEEDED TO MAKE RAISED IMAGE WILL PROPERLY ADHERE
TO THE PRINT MEDIA WITHOUT ARTIFACTS

FIG. 7
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METHOD TO ENHANCE RAISED TONER FUSING - ANOTHER
EMBODIMENT FOR A JOB W/RAISED IMAGE - SLOW DOWN OR
SPEED UP THE PRINTING SPEED INTERACTIVELY FOR THE
PART OF THE JOB BY EFFECTIVELY SLOWING OR SPEEDING
UP THE PROCESS SPEED OF THE FUSER TO ALLOW FOR A
DIFFERENT DWELL TIME SO THAT THE LARGE TONER
PARTICLES AND/OR TONER MASS NEEDED TO MAKE RAISED
IMAGE WILL PROPERLY ADHERE TO THE PRINT MEDIA
WITHOUT ARTIFACTS. THIS IS DONE IN ONE EMBODIMENT BY
WHEN THE PRINTER DETECTS THE PRESENCE OF DRY-INK
STATION CONTAINING TONER THAT ENABLES RAISED
PRINTING IT CHANGES MODES SO THAT IT PRINTS AT A
SLOWER SPEED. THE METHOD CAN INCLUDE UTILIZING A
SPEED SWITCHING TECHNIQUE THAT SLOWS THE PROCESS
SPEED OF THE FUSER (AND THE EP PROCESS IN SOME
EMBODIMENTS) SO THAT THE RAISED IMAGE IS PROPERLY
FUSED ON A WIDE RANGE OF PAPER TYPES

S805 )

A 4

DETERMINE RAISED INFORMATION PRINTER SET POINTS

S810j l

DETERMINE RAISED TONER SPEED RELATED FUSER SET
POINTS BASED ON THE RAISED INFORMATION PRINTER SET
POINTS THAT EFFECT THE FUSING OF RAISED TONER BUT
NOT THE NON-RAISED TONER

S815 ) |

APPLY RAISED IMAGE TO RECEIVER MEMBER USING RAISED

INFORMATION TO PRINT RAISED IMAGES, DETERMINING THE

SPEED PARAMETER BASED ON THE MASS PER UNIT AREA OF
THE DESIRED RAISED IMAGE; AND

$820 1

FIX IMAGE ON RECEIVER MEMBER BY APPLYING THE RAISED
TONER SPEED RELATED FUSER SET POINTS TO EFFECT THE
FUSING OF RAISED TONER BUT NOT THE NON-RAISED
TONER. THE SPEED IS SET BASED ON MASS/UNIT AREA OR
HEIGHT THUS EFFECTIVELY SLOWING DOWN OR SPEEDING
UP INTERACTIVELY/AUTOMATICALLY SO THAT THE PROCESS
SPEED OF THE FUSER TO ALLOW FOR A DIFFERENT DWELL
TIME SO THAT THE LARGE TONER PARTICLES AND/OR TONER
MASS NEEDED TO MAKE RAISED IMAGE WILL PROPERLY
ADHERE TO THE PRINT MEDIA WITHOUT ARTIFACTS

FIG. 8
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