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ELECTRO-PHOTOGRAPHIC PRINTING

BACKGROUND

[0001] Electro-photographic printers comprise a photo imaging plate
and a charge roller. A background voltage is applied to the photo imaging plate
by passing the charge roller across its surface. A light source, such as a laser is
shone on selected areas of the photo imaging plate to substantially discharge
the selected areas and create a latent electrostatic image on a charged
background. When an electrostatic ink is applied to the photo imaging plate, the
potential differences between the background, the image areas and the
electrostatic ink are such that the electrostatic ink is drawn to the image areas
of the photo imaging plate. Thus an impression of the image areas can be
printed by transferring the electrostatic ink from the photo imaging plate to a

print media.

[0002] This method of printing is prevalent, for example, in industrial
printers capable of printing several large sheets of paper, such as B2 sized

paper, per second.

BRIEF DESCRIPTION OF DRAWINGS

[0003] Examples will now be described, by way of non-limiting

example, with reference to the accompanying drawings in which:

[0004] Figure 1 shows an example electro-photographic printing

apparatus;

[0005] Figure 2 shows an example of a schematic of a charge roller

circuit;

[0006] Figure 3 shows an example of a I-V curve for charging the

photo imaging plate using the charge roller;
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[0007] Figure 4 shows a graph of ink deposition rates across a seam
in a photo imaging plate for different cleaning vectors and ink colours;

[0008] Figure 5 shows a method according to an example; and
[0009] Figure 6 shows a graph of voltage versus time of a charge
roller as the charge roller is repeatedly passed across the seam of a rotating

photo imaging plate.

DETAILED DESCRIPTION

[00010] Figure 1 shows an example electro-photographic printing
apparatus 100 comprising a photo imaging plate 102 and a photo charging unit
in the form of a charge roller 104. In this example the photo imaging plate 102 is
cylindrical and rotates in the direction of arrow 106. As the photo imaging plate
102 is rotated, the charge roller 104 deposits a static charge on the photo
imaging plate 102 at the point of nearest contact between the charge roller 104
and the photo imaging plate 102. This point is shown in Figure 1 at 108 on the
surface of photo imaging plate 102. The static charge deposited by the charge
roller is uniform along the length of charge roller 104 and may be provided by
supplying a voltage to the photo imaging plate 102 at the point 108. The voltage
applied by the charge roller 104 may be referred to herein as the background
voltage. In some applications, the background voltage is a negative voltage, for
example, -1000V, although other voltages can be used. For reference, a
schematic of an example of a charge roller circuit for use during printing is
shown in Figure 2, and an |-V curve plotting the charging current against
charging voltage for charging the photo imaging plate 102 using the charge

roller is shown in Figure 3.

[00011] An image, including any combination of graphics, text and
images, may be communicated to the printing apparatus 100. An imaging unit
110 shines light, such as a laser, onto selected portions of the photo imaging
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plate 102, the selected areas corresponding to an image that is to be printed.
The light from the imaging unit 110 dissipates the static charge in the selected
portions of the image area (approximately to ground) on the photo imaging plate
102 to leave a latent electrostatic image on a charged background. The latent
electrostatic image is thus an electrostatic charge pattern representing the
image to be printed. An electrostatic ink is then transferred to the photo
imaging plate 102 by a developer roller 112. The examples described herein
apply equally to electrostatic inks comprising either liquid or powder toners. In
this example the electrostatic ink is approximately midway between the voltage
of the background and ground and this results in an electric ‘transfer vector’ that
forces the electrostatic ink to the image areas (i.e. grounded areas) of the photo
imaging plate 102. The image can then be transferred to another roller, such as
an intermediate transfer media (ITM), such as an ITM drum 118, for heating and

transfer to the print media.

[00012] Conversely, ink that meets background areas at the
background voltage does not transfer to the photo imaging plate 102. The
potential difference between the background voltage and the developer roller
112 (i.e. voltage of the electrostatic ink) prevents ink transfer to the background.

This repulsive electric vector is often referred to as the ‘cleaning vector’.

[00013] The electro-photographic printer may also comprise other
components such as a cleaning station (CS) 120 and a Pre Transfer Erase
(PTE) station 122.

[00014] It has been appreciated that, as will be described in the
present disclosure, the process described above may be improved if the charge
roller varies the background voltage or cleaning vector applied to the photo
imaging plate 102 as the charge roller moves relative to the photo imaging plate
102. For example, certain areas of the background may be charged to a first
background voltage, whilst other areas are charged to a second background
voltage. The light from the imaging unit then dissipates the static charge on

selected areas of this variable background voltage.
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[00015] In general, the background voltage can be set to prevent
transfer of electrostatic ink to the background (i.e. areas where charge is not
dissipated by the imaging unit 110). However, there is a trade-off between
eliminating ink transfer in background regions and the resolution of the printer,
because if the background voltage is less than (i.e. more negative than) around
-1000V throughout the charging cycle, images made up of small dots can no
longer be printed as the regions surrounding the small dots are so strongly
repellent that they prevent electrostatic ink transfer to the dissipated dots.
Therefore, in practice, the magnitude of the background voltage is restricted by
the resolution of the printer. As such, in normal operation, small amounts of ink
are transferred to background areas, however for most purposes this ink
transfer is negligible and not visible on the final printed media.

[00016] In certain regions, however, even this small amount of ink is
problematic. For example, in background areas where ink is not subsequently
transferred from the photo imaging plate 102 to the substrate, a small amount of
ink is accumulated on the photo imaging plate 102 in each print cycle. Over the
course of many thousands of impressions, an ink layer begins to form which
can become thick and crumble and spread around the photo imaging plate 102
as small dry ink particles which cause scratches and other print defects.

[00017] One area where an ink layer can form in this way is at a seam
114 in the photo imaging plate 102. Cylindrical photo imaging plates such as
that shown in Figure 1 often comprise a photo imaging material wrapped around
a drum. Thus a seam 114 is created where the photo imaging material partially
overlaps at the join in the material. This area of the plate is not used for printing
and so, despite being charged to the background voltage, small amounts of ink
are deposited on the seam 114 in each cycle, leading to the formation of an ink
layer as described above. This is shown in Figure 4 which shows ink deposition
rates across a seam for different cleaning vectors and ink colours. Another
feature that adds to ink deposition at the seam 114, is the fact that part of the
seam may not be covered with photo imaging material (such as an organic
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photo conductor, OPC) and may comprise a Mylar under layer to the OPC. As
such, part of the seam may be made of Mylar and consequently because of
“tribo” charging (friction with cleaning station sponges), the Mylar can become
charged. For example, a cleaning station may comprise two sponge rollers that
while rotating scrub the photo imaging plate and Mylar region by physical
friction. Tribo charging is the electrostatic charging by mechanical friction of the
Mylar. Tribo charging is not repeatable, and may be positive or negative. The
level of charging depends on various surface conditions between the photo
imaging plate and sponges, such as the age of the sponges, amount of oil in the

sponges, ink residues in the oil, and the conductivity of the imaging oil.

[00018] The voltage in the seam can become positive rather than
negative after being charged by the charge roller (i.e. the seam can become
charged positive, rather than having the negative charge, e.g. -1000v, of the

charge roller).

[00019] The examples described herein can help to mitigate the above
mentioned issues by applying a different background voltage to selected areas
of the photo imaging plate 102, such as a region of the photo imaging plate
where no ink is to be transferred, such as regions encompassing a seam 114.
For example, if the background voltage applied to the photo imaging plate is -
1000V, the voltage of the seam region can be reduced, for example to -1500V,
causing the electrostatic ink to be more strongly repelled in the seam region to
prevent an ink build up.

[00020] Referring to Figure 5, according to one example a method of
electro-photographic printing comprises applying a background voltage to a
photo imaging plate using a charge roller that moves relative to the photo
imaging plate, stage 501, and varying the applied background voltage as the
roller moves relative to the photo imaging plate, stage 503, wherein the
background voltage is varied in a region of the photo imaging plate where no ink
is to be transferred.



10

15

20

25

30

WO 2017/071769 PCT/EP2015/075186

6

[00021] Thus, in a general example, the background voltage applied
by the charge roller 104 is changed or varied in a region of the photo imaging
plate 102 where residual ink transfer might otherwise accumulate, leading to the
build-up of an ink layer on the photo imaging plate 102. In some examples, the
background voltage may be varied in a region of the photo imaging plate where
the charge roller 104 passes across regions of the photo imaging plate 102
where ink is not subsequently transferred from the photo imaging plate 102 to
the print media. In some examples, the background voltage may be varied or
changed across a seam 114 of the photo imaging plate 102.

[00022] In other examples, the background voltage may be varied or
changed across an anti-seam 116 of the photo imaging plate 102. An anti-seam
116 may be the antipode to the seam 114 on the drum, or any other strip across
the surface of the photo imaging plate 102 that lies between two image frames.
For example, if the photo imaging plate 102 prints three image frames per
revolution, the circumference of the photo imaging plate 102 will effectively be
split into three print zones separated by three seams (a seam 114 and two anti-
seams 116). It is noted that while some examples may comprise a seam having
a portion, such as an under layer, that comprises a non photo imaging material
(e.g. Mylar), examples may comprise an anti-seam that is all photo imaging
material, such as an organic photo conductor.

[00023] In some examples, the change in voltage is a reduction of the
voltage across a seam or anti-seam, for example, the voltage may be reduced
from -1000V to -1500V across the seam and then increased back to -1000V for
the normal background regions. The voltage applied by the charge roller 104 to
seam regions may therefore be more negative than the background voltage
applied to print regions. It is noted that other examples may involve varying the
background voltage in other ways, for example depending upon the type of
background voltage used for the normal background regions, or a particular
type of printing being used in an application.
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[00024] In some examples, the voltage of the charge roller 104 is
changed from a first voltage to a second voltage and back to the first voltage
according to a DC step function, the voltage being reduced (i.e. such that it
becomes more negative) across the seam 114. The voltage may be reduced,
for example, by 500V, or more, which markedly reduces the accumulation of ink
in the seam regions. Other voltages may also be used. A series of DC step
functions are shown in Figure 6, which shows an example of how the
background voltage may be varied as the charge roller moves relative to the
photo imaging plate, in which the DC steps are aligned so as to coincide with

image and seam regions on the photo imaging plate 102.

[00025] In other examples an AC step may be used for changing the
background voltage. For example, on an image area an AC+DC voltage may be
applied (e.g. AC = 1000xSIN(wt), where w = 10KHz). When passing through
the seam the AC voltage can be increased, for example by 400V. An AC charge
can help charging uniformity. When passing through the seam, charge roller to
photo imaging plate gap variations can exist, and an AC voltage step can help
smooth a charging level out. When using AC, a charging level of a photo
imaging plate may not deviate from the average, regardless of what AC
amplitude is used. In contrast to an AC step, a DC step changes the charging
level of the photo imaging plate, helping to keep the seam of the photo imaging

plate clean.

[00026] For industrial printers, which may print a number of large (for
example B2 sized) sheets per second, the onset and offset of the DC step
function should be rapid enough to accommodate the rapid rotation of the drum.
Thus, according to some examples the charge roller should therefore be able to
change the applied voltage within the order of several tens of milliseconds.
Therefore, in some examples, the time delay across the DC step function as the
voltage changes from the background voltage to the seam voltage is less than
50us. Such response times are not possible with non-industrial printers that
may use other charging techniques for the background voltage, such as corona

wire charging techniques, i.e. because corona wires have slow response times,
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and as such would not be suitable for the response times corresponding to the
DC steps according to the examples described herein.

[00027] In some examples, the settling time at the charge roller DC
output for a £500V step is 20usec or less (the settling time is determined by the
RC circuit of Figure 2, a couple of milliseconds). It is noted that the response
time may include the response time of the circuitry alone, and the response time
of the charge roller itself and other elements in the circuit, such as wires, plugs,
contacts with the photo imaging plate, and so on.

[00028] In the examples described herein it has been recognised that
it is beneficial to use the charge roller 104 to change the background voltage
across a seam 114, particularly for industrial printers. For example, although it
could be possible to change the voltage of the electrostatic ink via the developer
rollers 112, (i.e. as the way of providing a different potential difference in certain
regions) the response time of the developer rollers has been found to be
insufficient to enable the developer rollers to vary the DC voltage quickly
enough to create a DC step in the voltage of the electrostatic ink over a seam
114 in an industrial printer. This is especially relevant to printers where the
developer roller is associated with additional rollers such as squeegee and
cleaner rollers (for example as disclosed in US2015/0071665). In addition, while
controlling the background voltage using a charge roller according to some
examples described herein may involve controlling a single voltage, in contrast,
changing the voltage of a developer roller may involve controlling several
different voltages, such as the coordinated control of other voltages of the
cleaner and squeegee rollers mentioned above, in addition to controlling the
voltage of the developer roller itself. These additional rollers tend to result in the
developer roller circuitry having a larger response time (the response time is
proportional to the resistance x the capacitance = RC) that is insufficient to
accommodate the short transition time of industrial printers, and also having a
more complex voltage control circuit compared to that of the examples
described herein.
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[00029] The examples described herein are also suited to industrial
printers because of the comparatively high speed at which the photo imaging
plates rotate, and hence at which the background voltage is varied at seam
regions. For example, the linear speed of a photo imaging plate of an industrial
printer may typically be greater than 50cm per second, whereas a fast home
printer will typically have a linear speed of less than 40 cm per second. The fast
response times described in the examples above are therefore suited for use

with fast moving industrial printers.

[00030] In some examples, parameters relating to how the background
voltage is to be varied, such as the DC step size, the duration of the DC step
and the time interval of the DC step will be pre-programmed for the printer. In
other examples, such parameters may be updated in real time, for example, the
printer may receive at least one parameter relating to how the background
voltage is to be varied, e.g. the shape and/or duration of the DC step, at the
same time as receiving data on the image to be printed.

[00031] According to another example, a method of printing
electrostatic ink onto a print media comprises: applying a background voltage to
a photo imaging plate using a charge roller that moves relative to the surface of
the photo imaging plate; shining light onto selected areas of the photo imaging
plate so as change the voltage of the selected areas of the photo imaging plate;
and applying electrostatic ink to the photo imaging plate; wherein the voltage
differences between the selected areas, the background voltage and the
voltage of the electrostatic ink is such that the electrostatic ink is drawn to the
selected areas of the photo imaging plate. The background voltage applied by
the charge roller is varied as the charge roller moves relative to the surface of
the photo imaging plate, such that the background voltage is varied in a region
of the photo imaging plate where no ink is to be transferred.

[00032] According to another example there is provided an electro-
photographic printer comprising: a photo imaging plate; and a charge roller to
apply a background voltage to the photo imaging plate as the charge roller
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moves relative to the photo imaging plate. The charge roller varies the
background voltage applied to the photo imaging plate as the charge roller
moves relative to the photo imaging plate, such that the background voltage is
varied in a region of the photo imaging plate where no ink is to be transferred.

[00033] In one example a printer varies the background voltage by
reducing the background voltage across a seam of the photo imaging plate. In
some examples a printer varies the background voltage by reducing the
background voltage across an anti-seam of the photo imaging plate. Reduction
in the background voltage may comprise reducing the voltage to a voltage that

iS more negative.

[00034] In some examples a printer varies the background voltage
applied by the charge roller between a first voltage and a second voltage
according to a DC step function. For example, the time delay across the DC
step function as the voltage changes from the first voltage and the second

voltage is less than 50us.

[00035] While the method, apparatus and related aspects have been
described with reference to certain examples, various modifications, changes,
omissions, and substitutions can be made without departing from the spirit of
the present disclosure. It is intended, therefore, that the method, apparatus and
related aspects be limited just by the scope of the following claims and their
equivalents. It should be noted that the above-mentioned examples illustrate
rather than limit what is described herein, and that many alternative
implementations may be designed without departing from the scope of the

appended claims.

[00036] The word “comprising” does not exclude the presence of
elements other than those listed in a claim, “@a” or “an” does not exclude a
plurality, and a single processor or other unit may fulfil the functions of several

units recited in the claims.
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CLAIMS

1. A method of electro-photographic printing comprising:

applying a background voltage to a photo imaging plate using a charge
roller that moves relative to the photo imaging plate; and

varying the applied background voltage as the roller moves relative to the
photo imaging plate, wherein the background voltage is varied in a region of the
photo imaging plate where no ink is to be transferred.

2.  The method as in claim 1, wherein the background voltage is varied by

changing the background voltage across a seam of the photo imaging plate.

3. The method as in claim 1, wherein the background voltage is varied by
changing the background voltage across an anti-seam of the photo imaging

plate.

4. The method as in claim 2, wherein the change in voltage comprises a

reduction in voltage.

5.  The method as in claim 4, wherein the reduction in voltage comprises

reducing the voltage to a voltage that is more negative.

6. The method as in claim 1, wherein the background voltage applied by the
charge roller is varied between a first voltage and a second voltage according to

a DC step function.

7. The method as in claim 6, wherein the time delay across the DC step
function as the voltage changes from the first voltage and the second voltage is

less than 50ps.

8. A method of printing electrostatic ink onto a print media, the method

comprising:
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applying a background voltage to a photo imaging plate using a
charge roller that moves relative to the surface of the photo imaging plate;
shining light onto selected areas of the photo imaging plate so as
change the voltage of the selected areas of the photo imaging plate; and
applying electrostatic ink to the photo imaging plate;
wherein the voltage differences between the selected areas, the background
voltage and the voltage of the electrostatic ink is such that the electrostatic ink
is drawn to the selected areas of the photo imaging plate; and
wherein the background voltage applied by the charge roller is varied as
the charge roller moves relative to the surface of the photo imaging plate, such
that the background voltage is varied in a region of the photo imaging plate
where no ink is to be transferred.

9. The method of claim 8, wherein the background voltage is varied by
changing the background voltage across a seam and/or an anti-seam of the
photo imaging plate.

10. An electro-photographic printer comprising:

a photo imaging plate; and

a charge roller to apply a background voltage to the photo imaging plate

as the charge roller moves relative to the photo imaging plate;

wherein the charge roller varies the background voltage applied to

the photo imaging plate as charge roller moves relative to the photo imaging
plate, such that the background voltage is varied in a region of the photo
imaging plate where no ink is to be transferred.

11. The printer of claim 10, wherein the background voltage is varied by
reducing the background voltage across a seam of the photo imaging plate.

12. The printer of claim 10, wherein the background voltage is varied by
reducing the background voltage across an anti-seam of the photo imaging
plate.
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13. The printer of claim 11, wherein the reduction in voltage comprises

reducing the voltage to a voltage that is more negative.

14. The printer of claim 10, wherein the background voltage applied by the
5 charge roller is varied between a first voltage and a second voltage according to

a DC step function.

15. The printer of claim 14, wherein the time delay across the DC step
function as the voltage changes from the first voltage and the second voltage is

10 less than 50us.



WO 2017/071769 PCT/EP2015/075186

1/6

100

120

102

16—

104
122

108

112
Figure 1



PCT/EP2015/075186

WO 2017/071769

2/6

dld

1ajj01 8bieyn

[a
S |

W n__n_W_

RfNAEENCORARNERNRER

n__m-moo "

Wmom

SusmenEGusENEREAESE

Z ainbi4

ziﬁ;ﬂ&\,
\”

Buuim ]

:

AR RREARPARGARGEARARRAARA

Wy 0y = did o
dUZ~did 0

A 008~ mmmﬁgx mm_xmmhm mvo“bumcmN
WYQO 001 > S84m pue ysnig uogled zy

WYo 6v0} < Bum™ Ly

B ——

4dog~ BULIMD

WUON %0e €1 80 o
quglL~=M9D

4d 00G1 did-40™D
[BUILOU ADOQL =P A

ZH)G1-6 A000L-00L 98A

.

BuLim vy

o
o

P A+3B A

aveod
SdAH

¢ 'V




PCT/EP2015/075186

WO 2017/071769

3/6

(N) Je1owonosie Ag abe)joA did

¢ ainbi4
(A) 8bejjor ¥o
0062 0002 00G1 000} 008
0 w T 0
006
00¢ obejordid yog3 ¥y -
Jusuno Buibreyo - yog3 4o -
00b 0001
0061
009 -
: 000¢
008 - Ny
4 006¢
000} - \
A 000¢
00ct - \ , e 00G¢
- uiod Bunpiog
- e 000

(yn) Juauno Buibieyn



PCT/EP2015/075186

WO 2017/071769

4/6

008

abejjon Jadojanep 0} anne|a. abeyjon
punocibyoeqg-did — 10100 Buiues|n

004 009

¥ ainbi4

005

ueko

e

00¢

100

| ¢00
€00
- $00
- G00

900
00
800

suoissaldwi g| Jaye Jaded
uo Ayisusp [eaido punoibyoeg



WO 2017/071769

501

503

5/6

START

PCT/EP2015/075186

Apply background voltage to a photo
imaging plate using a charge roller that
moves relative to a photo imaging plate

Vary the applied background voltage as the
roller moves relative to the photo imaging
plate, wherein the background voltage is

varied in a region of the photo imaging plate

where no ink is to be transferred

END

Figure 5



PCT/EP2015/075186

WO 2017/071769

6/6

owi|

9 8.nbi4

<€

uoiba. abew

memmmnnmngpenae

uoibes abeuwj

uoibss sbeuw|

uotbas abew

weas

Wweas-nue

wess

N000L -

N00G1 -
wes$-nue

4
(-) ebeyjoA did



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/075186

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO3G15/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO3G

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 13 July 2010 (2010-07-13)

figure 2
column 5, Tines 40-59

column 3, line 50 - column 4, line 4;

X US 7 756 430 B1 (CHANG SEONGSIK [US] ET 1-15

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 July 2016

Date of mailing of the international search report

27/07/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mandreoli, Lorenzo

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/EP2015/075186
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 7756430 Bl 13-07-2010  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

