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(54) IMAGE FORMING APPARATUS, SHEET PROCESSING METHOD, AND CARRIER MEDIUM

(57) An image forming apparatus (100, 200, 300) in-
cludes a transfer unit (1), a fixing unit (3), and a reverse
voltage unit (5). The transfer unit transfers toner corre-
sponding to a print target to a medium. The fixing unit
fixes the toner transferred to the medium. In a case in
which a high-resistance medium is conveyed as the me-

dium, the reverse voltage unit applies a reverse voltage
of an applied voltage having been applied to the transfer
unit. The reverse voltage unit applies the reverse voltage
to the high-resistance medium subsequent to fixing of
the toner. The reverse voltage corresponds to a type of
the high-resistance medium.
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Description

BACKGROUND

Technical Field

[0001] Exemplary aspects of the present disclosure re-
late to an image forming apparatus, a sheet processing
method, and a carrier medium.

Related Art

[0002] Electrophotographic image forming apparatus-
es generally employ a method by which high voltage is
used to transfer toner to a printing medium. Moreover,
there is an image forming apparatus including a discharg-
ing brush disposed in a conveyance path to remove elec-
tricity from a surface of a printed medium. The use of the
discharging brush avoids degradation in post-processa-
bility due to static electricity that is generated or electrical
attraction that occurs when printed media are ejected
and stacked.
[0003] JP-2016-122154-A discloses an image forming
apparatus by which surfaces of coated sheets to contact
each other among coated sheets to be stacked are
charged with the same polarity to prevent an unfavorable
situation in which the coated sheets closely contact each
other due to electrostatic action if the coated sheets are
stacked on a sheet ejection tray with electric charges
remaining on the surfaces of the coated sheets.
[0004] However, a printing medium, for example, a
coated sheet, tack paper, a synthetic resin film, and lam-
inated paper, containing a component such as a resin
component has a high resistance value (hereinafter such
a printing medium is referred to as a high-resistance me-
dium). Thus, higher electrical hysteresis (polarization)
occurs inside the high-resistance medium. In the "polar-
ization" state, even if electricity of the high-resistance
medium is removed by a member such as a discharging
brush, the electricity of the high-resistance medium may
not be completely eliminated. Such a situation may cause
"polarization" to remain. In a case where a plurality of
high-resistance media remaining in the "polarization"
state is ejected and stacked, an unfavorable situation in
which the high-resistance media stacked one on another
are attracted to one another by an electrical factor occurs.
That is, polarization per se needs to be eliminated from
the high-resistance media.

SUMMARY

[0005] The present disclosure has been made in view
of the aforementioned issues, and is directed to an image
forming apparatus capable of preventing an unfavorable
situation in which high-resistance media stacked one on
another are attracted to one another by an electrical fac-
tor when the high-resistance media are ejected subse-
quent to printing. In addition to the image forming appa-

ratus, the present disclosure is directed to a sheet
processing method and a carrier medium.
[0006] In at least one embodiment of this disclosure,
there is described an improved image forming apparatus
that includes a transfer unit, a fixing unit, and a reverse
voltage unit. The transfer unit transfers toner correspond-
ing to a print target to a medium. The fixing unit fixes the
toner transferred to the medium. In a case in which a
high-resistance medium is conveyed as the medium, the
reverse voltage unit applies a reverse voltage of an ap-
plied voltage having been applied to the transfer unit.
The reverse voltage unit applies the reverse voltage to
the high-resistance medium subsequent to fixing of the
toner. The reverse voltage corresponds to a type of the
high-resistance medium.
[0007] Further described is an improved sheet
processing method that includes transferring, fixing, and
applying. The transferring transfers toner corresponding
to a print target to a medium by a transfer unit. The fixing
fixes the toner transferred to the medium by a fixing unit.
In a case in which a high-resistance medium is conveyed
as the medium, the applying applies a reverse voltage
of an applied voltage having been applied to the transfer
unit. The applying applies the reverse voltage by a re-
verse voltage unit to the high-resistance medium subse-
quent to fixing of the toner. The reverse voltage corre-
sponds to a type of the high-resistance medium.
[0008] Still further described is an improved carrier me-
dium that carries computer readable code for controlling
a computer to carry out the above sheet processing meth-
od.
[0009] According to the present disclosure, when high-
resistance media subsequent to printing are ejected, an
unfavorable situation in which the high-resistance media
stacked one on another are attracted by an electrical fac-
tor can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The aforementioned and other aspects, fea-
tures, and advantages of the present disclosure are bet-
ter understood by reference to the following detailed de-
scription when considered in connection with the accom-
panying drawings, wherein:

FIG. 1 is a diagram illustrating a main portion of a
secondary transfer unit of a multifunction peripheral
(MFP);
FIG. 2A is a diagram illustrating a molecular compo-
sition inside a high-resistance medium prior to a fix-
ing process, and FIG. 2B is a diagram illustrating a
molecular composition inside the high-resistance
medium subsequent to the fixing process;
FIG. 3 is a diagram illustrating a phenomenon in
which high-resistance media stacked one on another
electrically stick together if the high-resistance me-
dia in a polarization state overlap one another;
FIG. 4 is a block diagram illustrating an MFP accord-
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ing to one embodiment;
FIG. 5 is a functional block diagram illustrating the
MFP according to the embodiment;
FIG. 6 is a flowchart illustrating a sheet processing
operation performed by the MFP according to the
embodiment;
FIG. 7 is a diagram illustrating one example of volt-
age control information stored in the MFP according
to the embodiment;
FIGS. 8A, 8B, and 8C are timing charts respectively
illustrating times at which a secondary transfer volt-
age is applied, a sheet sensor output is output, and
a reverse voltage is applied in the MFP according to
the embodiment;
FIG. 9 is a diagram illustrating a state in which ap-
plication of a reverse voltage to the high-resistance
media subsequent to a fixing process causes facing
surfaces of the high-resistance media overlapping
one another to have a same polarity in the MFP ac-
cording to the embodiment;
FIG. 10 is a block diagram illustrating an MFP ac-
cording to another embodiment;
FIG. 11 is a diagram illustrating one example of volt-
age control information stored in the MFP according
to the embodiment;
FIG. 12 is a flowchart illustrating a sheet processing
operation performed by the MFP according to the
embodiment;
FIG. 13 is a block diagram illustrating an MFP ac-
cording to still another embodiment;
FIG. 14 is a functional block diagram illustrating the
MFP according to the embodiment;
FIG. 15 is a diagram illustrating one example of al-
lowable resistance value information to be used by
the MFP according to the embodiment; and
FIG. 16 is a flowchart illustrating a sheet processing
operation performed by the MFP according to the
embodiment.

[0011] The accompanying drawings are intended to
depict embodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0012] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this patent specifi-
cation is not intended to be limited to the specific termi-
nology so selected and it is to be understood that each
specific element includes all technical equivalents that
have the same function, operate in a similar manner and
achieve similar results.
[0013] Referring now to the drawings, embodiments of
the present disclosure are described below. In the draw-
ings for explaining the following embodiments, the same

reference codes are allocated to elements (members or
components) having the same function or shape and re-
dundant descriptions thereof are omitted below.
[0014] Hereinafter, a multifunction peripheral (MFP) to
which as an image forming apparatus, a sheet process-
ing method, and a carrier medium according to each em-
bodiment is applied is described with reference to the
drawings.

(Overview)

[0015] A description is first give of a cause of a case
where high-resistance media, for example, coated
sheets, tack paper, synthetic resin films, and laminated
paper, stick to one another due to "polarization" when
printing is performed on the high-resistance media and
the printed high-resistance media are ejected and
stacked.
[0016] FIG. 1 is a diagram schematically illustrating a
main portion of a secondary transfer unit disposed in an
MFP. As illustrated in FIG. 1, toner T provided on an
intermediate transfer belt B by image formation is trans-
ferred to a printing medium IB by using pressure gener-
ated by contact and electrical repulsive force generated
by a same-polarity voltage to be applied to a repulsion
roller R from a high-voltage power source G. Since a
voltage between several hundred volts and several thou-
sand volts is applied from the high-voltage power source
G to the repulsion roller R, a surface of the printing me-
dium IB is charged. The charging generates static elec-
tricity that can be a factor of "a jam" in which a printing
medium IB is wound around a member such as a con-
veyance roller or a factor of a stacking failure in a post-
process. Generally, a separation voltage is applied to the
printing medium IB immediately after a secondary trans-
fer process to remove the electricity from the printing me-
dium IB, or a discharging brush contacts a surface of the
printing medium IB subsequent to a fixing process to re-
move the electricity from the surface of the printing me-
dium IB.
[0017] FIGS. 2A and 2B are diagrams illustrating a mo-
lecular composition inside a high-resistance medium
such as a synthetic resin film prior and subsequent to a
secondary transfer process. FIG. 2A illustrates a molec-
ular composition inside a high-resistance medium prior
to a secondary transfer process, whereas FIG. 2B illus-
trates a molecular composition inside the high-resistance
medium subsequent to the secondary transfer process.
[0018] As illustrated in FIG. 2A, polarities of molecules
inside the high-resistance medium are randomly ar-
ranged prior to the secondary transfer process. For ex-
ample, in a conductive printing medium such as a paper
medium, an internal molecule is movable in a substan-
tially free manner, but a movable range of an electric
charge in the high-resistance medium is restricted to a
small range inside the high-resistance medium. Accord-
ingly, when a high voltage is applied to the high-resist-
ance medium subsequent to the secondary transfer proc-
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ess, the molecules inside the high-resistance medium
are aligned (electric dipole) as illustrated in FIG. 2B and
a phenomenon called "dielectric polarization (= electric
polarization. Hereinafter, simply called polarization)" oc-
curs. Then, in an electrophotographic process in which
a voltage having a negative polarity is always applied
from the repulsion roller R, a polarity of a print surface of
the high-resistance medium becomes a positive polarity
(+) and a polarity of a surface on the reverse side of the
print surface (a reversed print surface) becomes a neg-
ative polarity (-).
[0019] In a conductive printing medium such as a paper
medium, since an internal molecule is movable in a sub-
stantially free manner, an electric charge on a surface of
the printing medium can be removed by application of a
separation voltage as described above or by a discharg-
ing brush.
[0020] However, in a high-resistance medium having
a high resistance similar to a resistance of a dielectric
substance, a movable range of an electric charge is re-
stricted to a small range inside the high-resistance me-
dium. Even if a discharging brush is used, transition of a
state of the high-resistance medium from a polarization
state to a non-polarization state is difficult. If such high-
resistance media in a polarization state are ejected and
stacked as illustrated in FIG. 3, for example, a print sur-
face having a positive polarity (+) on a first high-resist-
ance medium and a reverse print surface having a neg-
ative polarity (-) of a second high-resistance medium are
electrically attracted to each other. Consequently, an un-
favorable situation in which the high-resistance media
stick to each other occurs.
[0021] Accordingly, the MFP according to each of the
embodiments applies a reverse voltage to high-resist-
ance media subsequent to printing on an every-other-
medium basis. Particularly, an amount of a reverse volt-
age that not only reverses a polarity in a polarization state
but also causes an amount of polarization that balances
with polarization of an adjacent medium to be generated
is applied to the high-resistance media subsequent to
printing on an every-other-medium basis. Therefore, an
odd-numbered high-resistance medium can be ejected
with a state remaining in the polarization state generated
at the printing, whereas an even-numbered high-resist-
ance medium to overlap the odd-numbered high-resist-
ance medium in the polarization state can be in a polar-
ization state the polarity of which is reversed with respect
to the polarization state of the odd-numbered high-resist-
ance medium.
[0022] That is, if a print surface of an odd-numbered
high-resistance medium has a positive polarity (+), an
even-numbered high-resistance medium is placed on the
odd-numbered high-resistance medium in an overlap-
ping manner in a state in which a reversed print surface
of the even-numbered high-resistance medium has a
positive polarity (+). Accordingly, the print surface of the
odd-numbered high-resistance medium and the re-
versed print surface of the even-numbered high-resist-

ance medium each have a positive polarity, and thus
electrically repulse each other. Such electrical repulsion
can prevent an unfavorable situation in which high-re-
sistance media to be stacked one on another electrically
stick to one another.

(First Embodiment)

[0023] Hereinafter, an MFP 100 according to a first em-
bodiment is described. The present embodiment is de-
scribed using an example in which the MFP 100 applies
a reverse voltage that is predetermined for each type of
high-resistance medium to high-resistance media sub-
sequent to printing on an every-other-medium basis to
cause surfaces of overlapping high-resistance media to
have the same polarity, thereby preventing an unfavora-
ble situation in which the high-resistance media electri-
cally stick to one another.
[0024] The high-resistance medium is, for example, a
medium that contains a component such as a resin com-
ponent to have a high resistance similar to a resistance
of a dielectric substance. An example of the high-resist-
ance medium is a printing medium such as coated paper,
a coated sheet, tack paper, a synthetic resin film, and
laminated paper.
[0025] FIG. 4 is a diagram schematically illustrating a
hardware configuration of a main portion of the MFP 100
according to the first embodiment. In FIG. 4, the MFP
100 includes a secondary transfer unit 1 (one example
of a transfer unit), a high-voltage power source 2, a fixing
unit 3, a sheet sensor 4, a reverse voltage unit 5, a high-
voltage power source 6, a central processing unit (CPU)
7, an operation unit 8, and a storage unit 10 as a carrier
medium.
[0026] The high-voltage power source 2 applies a
same-polarity voltage, for example, between several
hundred volts and several thousand volts, to the repul-
sion roller R of the secondary transfer unit 1. The sec-
ondary transfer unit 1 uses pressure generated by con-
tact and electrical repulsive force generated by the same-
polarity voltage to be applied to the repulsion roller R
from the high-voltage power source 2 to transfer toners
(yellow (Y), magenta (M), cyan (C), and black (Bk)) pro-
vided on the intermediate transfer belt B by image for-
mation to a high-resistance medium. The fixing unit 3 is,
for example, a fixing unit employing a heat fixing method.
The fixing unit 3 applies heat and pressure to the high-
resistance medium on which the toner image has been
transferred. The application of heat and pressure fuses
the toner, and the image is fixed on the high-resistance
medium.
[0027] The sheet sensor 4 detects a conveyance time
of the high-resistance medium. The high-voltage power
source 6 applies a reverse voltage corresponding to a
type of high-resistance medium. According to the present
embodiment, in the reverse voltage unit 5, a negative-
polarity voltage that is the same polarity as a negative-
polarity voltage applied to the repulsion roller R of the
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secondary transfer unit 1 is applied to a roller on the side
of the back surface of the high-resistance medium. The
back surface herein represents an opposite side of a
transfer surface of the high-resistance medium in the sec-
ondary transfer unit 1. Accordingly, the reverse voltage
is applied.
[0028] In the reverse voltage unit 5, a positive-polarity
voltage opposite to the negative-polarity voltage applied
to the repulsion roller R of the secondary transfer unit 1
may be applied to a roller on the side of the front surface
of the high-resistance medium. The front surface herein
represents the same side as the transfer surface of the
high-resistance medium in the secondary transfer unit 1.
Alternatively, in the secondary transfer unit 1, a positive-
polarity voltage may be applied to the repulsion roller R
on the side of the back surface of the high-resistance
medium.
[0029] A voltage value to be applied in the reverse volt-
age unit 5 is predetermined according to a type of high-
resistance medium. The reverse voltage unit 5 applies a
reverse voltage of a voltage value designated by the high-
voltage power source 6 to the high-resistance medium.
[0030] The CPU 7 comprehensively controls opera-
tions of the MFP 100. The operation unit 8 is used to
input, for example, a MFP setting, the number of sheets
to be printed, and a type of high-resistance medium to
undergo printing. The present embodiment is described
using an example in which a type of high-resistance me-
dium is input via the operation unit 8. However, informa-
tion indicating a type of high-resistance medium may be
recorded in a high-resistance medium. In such a case, a
medium detection unit 9 indicated by a dotted line illus-
trated in FIG. 4 can, for example, optically or magnetically
read the information indicating the type and notify the
CPU 7 of the read information indicating the type.
[0031] In the storage unit 10, information such as volt-
age control information indicating a reverse voltage value
for each type of high-resistance medium is stored, in ad-
dition to a sheet processing program for controlling ap-
plication of a reverse voltage to a high-resistance medi-
um. The CPU 7 detects the voltage control information
corresponding to the high-resistance-medium type input
via the operation unit 8 from the storage unit 10, and
instructs the high-voltage power source 6 to apply a re-
verse voltage of a voltage value indicated in the detected
voltage control information on an every-other-medium
basis. Accordingly, a polarity of a contact surface of each
of high-resistance media that are in the polarization state
by the printing and to overlap one another can have the
same polarity, and each of the high-resistance media can
be prevented from sticking to one another due to an elec-
trical factor.

(Software Configuration and Sheet Processing Opera-
tion by Sheet Processing Program)

[0032] The CPU 7 executes a sheet processing pro-
gram stored in the storage unit 10 to provide functions

of a secondary transfer control unit 25, an acquisition unit
26, a reverse voltage control unit 27, and a sheet ejection
control unit 28. In the following description, a function of
each of the secondary transfer control unit 25, the acqui-
sition unit 26, the reverse voltage control unit 27, and the
sheet ejection control unit 28 is provided by software.
However, functions of the secondary transfer control unit
25, the acquisition unit 26, the reverse voltage control
unit 27, and the sheet ejection control unit 28 may be
partially or entirely provided by hardware such as an in-
tegrated circuit (IC).
[0033] The sheet processing program may be record-
ed and provided in an installable format file or executable
format file in a computer readable recording medium
such as a compact disc read only memory (CD-ROM)
and a flexible disk (FD). Alternatively, the sheet process-
ing program may be recorded and provided in a computer
readable recording medium such as a compact disc re-
cordable (CD-R), a digital versatile disc (DVD), Blu-ray
Disc (registered trademark), and a semi-conductor mem-
ory. Still, the sheet processing program may be installed
via a network such as the Internet. In such a case, the
installed sheet processing program is provided. Alterna-
tively, the sheet processing program may be preinstalled
and provided in a storage such as a read only memory
(ROM) inside the apparatus.
[0034] FIG. 6 is a flowchart illustrating a sheet process-
ing operation performed by the MFP 100 according to
the first embodiment. The CPU 7 executes the operation
of the flowchart illustrated in FIG. 6 by using the second-
ary transfer control unit 25, the acquisition unit 26, the
reverse voltage control unit 27, and the sheet ejection
control unit 28 based on the sheet processing program,
so that high-resistance media are prevented from sticking
to one another.
[0035] In particular, if printing is performed, a user first
designates a type of high-resistance medium via the op-
eration unit 8. A type of high-resistance medium may be
detected by the medium detection unit 9. In step S1, the
secondary transfer control unit 25 detects a type of high-
resistance medium based on the designation by the user
or a detection output from the medium detection unit 9.
[0036] In step S2, when the user performs a print start
operation via the operation unit 8, the secondary transfer
control unit 25 instructs the high-voltage power source 2
to apply a same-polarity voltage, for example, between
several hundred volts and several thousand volts, corre-
sponding to the type of high-resistance medium.
[0037] That is, in the storage unit 10, for example, volt-
age control information in which a type of high-resistance
medium such as a coated sheet and tack paper is asso-
ciated with a voltage value to be applied to each type of
high-resistance medium as illustrated in FIG. 7 is stored.
The example illustrated in FIG. 7 indicates that a first
voltage is applied if a high-resistance medium is a coated
sheet, and a second voltage is applied if a high-resistance
medium is tack paper. The secondary transfer control
unit 25 detects a type of high-resistance medium desig-
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nated via the operation unit 8 or a voltage corresponding
to a type of high-resistance medium detected by the me-
dium detection unit 9 based on the voltage control infor-
mation, and instructs the high-voltage power source 2 to
apply a voltage.
[0038] Accordingly, the high-voltage power source 2
applies the same-polarity voltage having a voltage value
corresponding to the type of high-resistance medium to
the repulsion roller R of the secondary transfer unit 1, so
that the toner provided on the intermediate transfer belt
B by image formation is transferred to the high-resistance
medium. The fixing unit 3 applies heat and pressure to
the high-resistance medium on which the toner image
has been transferred. Thus, the toner is fused, and the
image is fixed on the high-resistance medium. The high-
resistance medium with the fixed image is conveyed to
the reverse voltage unit 5. The sheet sensor 4 detects
the high-resistance medium to be conveyed to the re-
verse voltage unit 5.
[0039] Next, in step S3, the reverse voltage control unit
27 controls the high-voltage power source 6 such that a
reverse voltage with respect to the same-polarity voltage
applied to the high-resistance medium according to the
type in the secondary transfer unit 1 is applied to high-
resistance media on an every-other medium basis based
on a detection output from the sheet sensor 4.
[0040] FIG. 8A is a diagram illustrating a time when a
secondary transfer voltage is applied, FIG. 8B is a dia-
gram illustrating a time when the sheet sensor 4 detects
a high-resistance medium, and FIG. 8C is a diagram il-
lustrating a time when a reverse voltage is applied. The
application of the secondary transfer voltage as illustrat-
ed in FIG. 8A causes dielectric polarization to occur on
a high-resistance medium, and the resultant high-resist-
ance medium is conveyed to the reverse voltage unit 5
via the fixing unit 3. The sheet sensor 4 outputs a high-
level (High) sensor output for a duration of time between
detection of an edge of the high-resistance medium to
be conveyed to the reverse voltage unit 5 from the fixing
unit 3 and detection of a next edge
[0041] Moreover, the reverse voltage control unit 27
controls the high-voltage power source 6 such that a re-
verse voltage is applied to the high-resistance medium
at a time determined based on a conveyance speed of
the high-resistance medium, a rise time of the high-volt-
age power source 6, and a distance between the sheet
sensor 4 and the reverse voltage unit 5. Herein, the re-
verse voltage control unit 27 counts the number of high-
resistance media based on a sensor output that is from
the sheet sensor 4 and acquired by the acquisition unit
26, and controls application of a reverse voltage such
that a reverse voltage is applied on an every-other-me-
dium basis, for example, a second medium, a fourth me-
dium, and a sixth medium as illustrated in FIG. 8C.
[0042] FIG. 8C illustrates an example in which a neg-
ative voltage is applied at a time when the high-resistance
medium is conveyed from a position of the sheet sensor
4 to the reverse voltage unit 5. A pulse shape of the neg-

ative voltage illustrates a state in which the negative volt-
age gradually falls to a predetermined potential and then
gradually rises to a zero potential after negative-voltage
application for a predetermined time.
[0043] In the example, a reverse voltage is applied to
an even-numbered medium. However, a reverse voltage
can be applied to an odd-number medium such as a first
medium, a third medium, and a fifth medium.
[0044] In step S4, the sheet ejection control unit 28
performs ejection control of a sheet ejection unit to alter-
nately eject a high-resistance medium remaining in a
state in which dielectric polarization has occurred as a
reverse voltage has not been applied by the reverse volt-
age unit 5 and a high-resistance medium to which a re-
verse voltage has been applied by the reverse voltage
unit 5. FIG. 9 illustrates an example in which an odd-
numbered high-resistance medium remaining in a state
in which dielectric polarization has occurred as a reverse
voltage has not been applied and an even-numbered
high-resistance medium to which a reverse voltage has
been applied are alternately stacked.
[0045] As illustrated in FIG. 9, a print surface (the top
surface) and a reversed print surface (the back surface)
of the odd-numbered high-resistance medium remaining
in a state in which dielectric polarization has occurred as
a reverse voltage has not been applied have a positive
polarity (+) and a negative polarity (-), respectively. On
the other hand, a print surface (the top surface) and a
reversed print surface (the back surface) of the even-
numbered high-resistance medium to which a reverse
voltage has been applied can have a negative polarity
(-) and a positive polarity (+), respectively. Thus, when
the odd-numbered high-resistance medium and the
even-numbered high-resistance medium overlap, sur-
faces having the same polarity face each other.
[0046] That is, in the example illustrated FIG. 9, a print
surface of a first high-resistance medium remaining in a
state in which dielectric polarization has occurred has a
positive polarity (+), and a reversed print surface of a
second high-resistance medium that is to overlap the first
high-resistance medium and to which a reverse voltage
has been applied has a positive polarity (+). Accordingly,
the first high-resistance medium and the second high-
resistance medium repulse each other, and are prevent-
ed from sticking to each other. Similarly, a print surface
of the second high-resistance medium to which the re-
verse voltage has been applied has a negative polarity
(-), and a reversed print surface of a third high-resistance
medium that is to overlap the second high-resistance me-
dium and remains in a state in which dielectric polariza-
tion has occurred has a negative polarity (-). Accordingly,
the second high-resistance medium and the third high-
resistance medium repulse each other, and are prevent-
ed from sticking to each other.

(Effect of First Embodiment)

[0047] As described above, the MFP 100 of the present
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embodiment applies a reverse voltage corresponding to
a type of high-resistance medium on an every-other-me-
dium basis to high-resistance media in a polarization
state subsequent to a toner fixing process, and ejects
the resultant high-resistance media. The application of a
reverse voltage on an every-other-medium basis enables
facing surfaces of the respective high-resistance media
stacked one on another by ejection to have the same
polarity. Accordingly, the high-resistance media stacked
one on another by ejection can electrically repulse one
another, and thus an unfavorable situation in which the
high-resistance media stacked one on another by ejec-
tion are attracted (stick to each other) due to an electrical
factor can be prevented.
[0048] It is conceivable that an ion generating appara-
tus could be used to cause polarization inside a high-
resistance medium to be close to zero (a pre-printing
state). In such a case, however, an appropriate amount
of ion needs to be uniformly provided to the high-resist-
ance medium. Consequently, an ion generation amount
and an ion generating method need to be adjusted ac-
cording to a conveyance speed and a characteristic of a
printing medium. Hence, constant removal of electricity
from various printing media by using the ion generating
apparatus is difficult.
[0049] Moreover, an electricity removing device using
the ion generating apparatus needs a high-voltage power
source for discharge. In addition, a precise conveyance
unit as a printing medium conveyance unit that can main-
tain a constant distance between a discharging electrode
and a printing medium is necessary. Hence, arrangement
of the electricity removing device using the ion generating
apparatus increases a size of the image forming appa-
ratus.
[0050] Alternatively, an electric charge can be injected
into a printing medium, for example, coated paper, having
good moisture absorbency after the printing medium is
once humidified, so that a charging state of the printing
medium can be relieved. However, since, for example,
a synthetic resin film, one of high-resistance media, has
water repellency, humidification of such a medium is dif-
ficult. Consequently, the release of the charging state by
the electric charge injection subsequent to the humidifi-
cation is difficult.
[0051] However, the MFP 100 of the first embodiment
can not only apply a reverse voltage on an every-other-
medium basis to high-resistance media in a polarization
state, but also stably prevent attraction of the high-resist-
ance media due to an electrical factor with a simple con-
figuration without cumbersome adjustment and humidi-
fication of the high-resistance media.

(First Modification of First Embodiment)

[0052] In the MFP 100 of the above-described first em-
bodiment, the CPU 7 may apply a reverse voltage that
is adjusted based on a voltage applied by the high-volt-
age power source 2 to a high-resistance medium subse-

quent to a fixing process. In such a case, the acquisition
unit 26 acquires the voltage applied by the high-voltage
power source 2. Then, the sheet ejection control unit 28
makes a fine adjustment of a reverse voltage correspond-
ing to a high-resistance-medium type (see FIG. 7) ac-
cording to the voltage applied by the high-voltage power
source 2. The sheet ejection control unit 28 applies the
fine-adjusted reverse voltage to the high-resistance me-
dium subsequent to the fixing process.
[0053] Accordingly, the reverse voltage of a more ap-
propriate value that is adjusted based on the high-resist-
ance-medium type and the voltage used in the secondary
transfer can be applied to the high-resistance medium
subsequent to the fixing process. Therefore, a polarity of
each of the print surface and the reversed print surface
of the high-resistance medium in a polarization state can
be reversed more accurately, and attraction of the high-
resistance media due to an electrical factor can be further
prevented.
[0054] Electric charges of respective high-resistance
media to be ejected upon receipt of the reverse voltage
are preferably equal. If an electric charge of one high-
resistance medium is stronger than an electric charge of
the other high-resistance medium out of high-resistance
media stacked facing each other, an unfavorable situa-
tion in which a state of the other high-resistance medium
gradually returns to the "polarization state" occurs.
[0055] However, as described in the first modification,
a voltage applied to a high-resistance medium is recog-
nized based on a voltage used in secondary transfer, and
a reverse voltage adjusted based on a result of the rec-
ognition is applied to the high-resistance medium. The
application of such an adjusted reverse voltage can
equalize electric charges of respective high-resistance
media to be ejected and stacked, and can prevent an
unfavorable situation in which a stronger electric charge
of one high-resistance medium out of stacked high-re-
sistance media causes a state of the other high-resist-
ance medium to return to a "polarization state".

(Second Modification of First Embodiment)

[0056] The MFP 100 of the above-described first em-
bodiment uses the sheet sensor 4 to set a time when a
reverse voltage is applied to a high-resistance medium.
However, a time when a reverse voltage is applied may
be predicted based on a time when a secondary transfer
voltage is applied in the secondary transfer unit 1. In such
a case, the sheet sensor 4 can be omitted, and the MFP
100 of the embodiment can have a simpler and lower-
cost configuration.

(Second Embodiment)

[0057] Next, an MFP 200 according to a second em-
bodiment is described. Usage environment such as hu-
midity and temperature may cause a change of a voltage
to be applied to a high-resistance medium. In the second
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embodiment, humidity and temperature are detected,
and a reverse voltage corresponding to the detected hu-
midity and temperature is applied to a high-resistance
medium, so that a stable reverse voltage can be applied.
[0058] The following description of the second embod-
iment differs from the above-described first embodiment
in such a point. Hereinafter, a description is given of a
difference between the first embodiment and the second
embodiment, and redundant descriptions are omitted.
[0059] FIG. 10 is a block diagram illustrating the MFP
200 according to the second embodiment. As illustrated
in FIG. 10, the MFP 200 includes a temperature sensor
11 and a humidity sensor 12 in addition to the compo-
nents of the MFP 100 according to the first embodiment.
The temperature sensor 11 and the humidity sensor 12
detect the current temperature and the current humidity
respectively inside the MFP 200, and supply detection
outputs to a CPU 7.
[0060] Herein, FIG. 11 illustrates voltage control infor-
mation stored in a storage unit 10 of the MFP 200 and
used for control of a reverse voltage to be applied in a
reverse voltage unit 5. In the second embodiment as il-
lustrated in FIG. 11, a reverse voltage to be applied ac-
cording to temperature and humidity is determined for
each type of high-resistance medium. That is, in the MFP
200 of the second embodiment, the voltage control infor-
mation illustrated in FIG. 11 is provided for each type of
high-resistance medium.
[0061] In FIG. 11, a letter "L" represents "Low" indicat-
ing that temperature or humidity is low, and a letter "M"
represents "Middle" indicating that temperature or hu-
midity is moderate. Moreover, a letter "H" represents
"High" indicating that temperature or humidity is high. In
addition, the voltage control information illustrated in FIG.
11 indicates that a reverse voltage of a first voltage is
applied if both of temperature and humidity are low (both
are "L"). Similarly, if humidity is low (L) and temperature
is high (H), a reverse voltage of a third voltage is applied.
If humidity is high (H) and temperature is moderate (M),
a reverse voltage of an eighth voltage is applied.
[0062] FIG. 12 is a flowchart illustrating a sheet
processing operation performed by the MFP 200 accord-
ing to the second embodiment. The sheet processing
operation of the second embodiment differs from the
sheet processing operation of the first embodiment in
that step S5 in which temperature and humidity are de-
tected is performed between step S2 in which a second-
ary transfer voltage is applied and step S3 in which a
reverse voltage is applied according to a type of high-
resistance medium.
[0063] That is, when a secondary transfer voltage is
applied to a high-resistance medium in step S2, the proc-
ess proceeds to step S5. In step S5, the temperature
sensor 11 and the humidity sensor 12 respectively detect
the current temperature and the current humidity inside
the MFP 200.
[0064] In step S3, the reverse voltage control unit 27
acquires the current temperature and the current humid-

ity inside the MFP 200 detected by the temperature sen-
sor 11 and the humidity sensor 12 to determine levels
(Low, Middle, or High) of the current temperature and the
current humidity as described with reference to FIG. 11.
Moreover, the reverse voltage control unit 27, based on
a result of the determination about the levels of the tem-
perature and the humidity, refers to voltage control infor-
mation corresponding to the high-resistance- medium
type detected in step S1, and applies a reverse voltage
corresponding to the levels of the temperature and the
humidity to the high-resistance medium subsequent to a
fixing process.
[0065] Therefore, the MFP 200 can not only prevent
an unfavorable situation in which usage environment low-
ers a reverse voltage to be applied to a high-resistance
medium, but also obtain an effect similar to the effect
obtained in the above-described first embodiment.
[0066] Similar to the above-described first modification
of the first embodiment, the reverse voltage control unit
27 can adjust a reverse voltage corresponding to tem-
perature and humidity based on a voltage applied by the
high-voltage power source 2 of the secondary transfer
unit 1 to apply the adjusted reverse voltage to a high-
resistance medium subsequent to a fixing process. Thus,
the reverse voltage of a more appropriate value can be
applied to the high-resistance medium subsequent to the
fixing process, and an effect similar to the above-de-
scribed effect can be obtained.
[0067] In the second embodiment, the detection out-
puts of both of the temperature sensor 11 and the hu-
midity sensor 12 are used. However, a reverse voltage
of a value corresponding to a detection output of any one
of the temperature sensor 11 and the humidity sensor 12
may be applied to a high-resistance medium.

(Third Embodiment)

[0068] Next, an MFP 300 according to a third embod-
iment is described. In addition to the aforementioned us-
age environment such as temperature and humidity,
aged deterioration such as soiling of a roller of a reverse
voltage unit 5 may lower a voltage to be applied to a high-
resistance medium. The deterioration such as soiling of
a roller of the reverse voltage unit 5 may change, for
example, a roller resistance of the reverse voltage unit
5, and a voltage to be applied to a high-resistance me-
dium may be lowered due to partial pressure. In the third
embodiment, a resistance value of each high-resistance
medium after a reverse voltage is applied is detected,
and a reverse voltage value is corrected (changed) such
that a difference between the detected resistance values
of the respective high-resistance media is within a pre-
determined range. Accordingly, such correction can pre-
vent an unfavorable situation in which a reverse voltage
to be applied to the high-resistance medium is lowered
due to usage environment and aged deterioration
[0069] The third embodiment is described by referring
to differences between the third embodiment and each
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of the above-described embodiments, and redundant de-
scriptions are omitted.
[0070] FIG. 13 is a block diagram illustrating the MFP
300 according to the third embodiment. As illustrated in
FIG. 13, the MFP 300 includes a temperature sensor 11
and a humidity sensor 12 that are described above in the
second embodiment. In addition, the MFP 300 includes
a resistance value detection unit 21 disposed in a high-
voltage power source 6 that applies a reverse voltage.
The resistance value detection unit 21 detects a resist-
ance value of a high-resistance medium to which a re-
verse voltage has been applied.
[0071] FIG. 14 is a functional block diagram illustrating
each function of the MFP 300 according to the third em-
bodiment, and each function of the MFP 300 is provided
if a CPU 7 executes a sheet processing program stored
in a storage unit 10. As illustrated in FIG. 14, the CPU 7
executes a sheet control program to provide each of func-
tions of a secondary transfer control unit 25, an acquisi-
tion unit 26, a reverse voltage control unit 27, and a sheet
ejection control unit 28 that are described in the above
embodiment, a resistance value determination unit 29,
and a change control unit 30.
[0072] The MFP 300 according to the third embodi-
ment has voltage control information corresponding to
temperature and humidity of each high-resistance medi-
um, and allowable resistance information. The voltage
control information is described above with reference to
FIG. 11. The allowable resistance information indicates
an allowable resistance value of a high-resistance me-
dium to which a reverse voltage has been applied. The
allowable resistance information is defined for each high-
resistance medium, for example, "A Ω" for a coated
sheet, "B Ω" for tack paper, and "C Ω" for a synthetic
resin film.
[0073] FIG. 16 is a flowchart illustrating a sheet
processing operation performed by the MFP 300 accord-
ing to the third embodiment. The sheet processing oper-
ation of the third embodiment differs from the sheet
processing operation of the above-described second em-
bodiment in that a process (steps S6 through S8) for cor-
recting a reverse voltage value is added between step
S3 in which a reverse voltage is applied and step S4 in
which a high-resistance medium to which the reverse
voltage has been applied is ejected. The process in steps
S6 through S8 is performed if a resistance value of the
high-resistance medium to which the reverse voltage has
been applied is out of a predetermined range.
[0074] That is, in the flowchart illustrated in FIG. 16, in
step S3, a reverse voltage control unit 27 applies a re-
verse voltage corresponding to a type of high-resistance
medium, the current temperature, and the current humid-
ity (see FIG. 11) to a high-resistance medium. Then, the
process proceeds to step S6. In step S6, the resistance
value detection unit 21 detects a resistance value of the
high-resistance medium. In one example, the resistance
value detection unit 21 detects a resistance value (R) of
a high-resistance medium based on a voltage value (V)

that is acquired by application of a predetermined electric
current (I) to the high-resistance medium (R = V/I). Alter-
natively, the resistance value detection unit 21 detects a
resistance value (R) of a high-resistance medium based
on an electric current amount (I) that is acquired by ap-
plication of a predetermined voltage (V) to the high-re-
sistance medium (R = V/I).
[0075] Then, the resistance value determination unit
29 detects an average value of resistance values of a
plurality of high-resistance media, for example, five high-
resistance media, detected by the resistance value de-
tection unit 21. Moreover, the resistance value determi-
nation unit 29 detects an average value of resistance
values of next five high-resistance media detected by the
resistance value detection unit 21. The resistance value
determination unit 29 calculates a difference of the av-
erage values as "a resistance value difference".
[0076] The resistance value determination unit 29 may
set an average value of resistance values of, for example,
five high-resistance media detected first as a reference
resistance value. In such a case, the resistance value
determination unit 29 calculates a difference between
the reference resistance value and an average value of
resistance values to be thereafter detected for each five
media as "a resistance value difference".
[0077] Alternatively, the resistance value determina-
tion unit 29 may calculate a difference between an aver-
age value of resistance values of, for example, five high-
resistance media detected first and an average value de-
tected in a second time, that is, an average value of re-
sistance values of next five high-resistance media de-
tected as "a resistance value difference". Then, the re-
sistance value determination unit 29 may sequentially
calculate "a resistance value difference" based on com-
parison, for example, a difference between the average
value detected in the second time and an average value
detected in a third time as "a resistance value difference".
[0078] The description has been given using the ex-
ample in which the average values of the resistance val-
ues of the plurality of high-resistance media are com-
pared. However, resistance values of high-resistance
media may be compared one by one, or maximum re-
sistance values, intermediate values, or minimum resist-
ance values of a plurality of high-resistance media may
be compared to calculate "a resistance value difference".
[0079] Upon detection of the resistance value differ-
ence, the resistance value determination unit 29 refers
to allowable resistance value information illustrated in
FIG. 15 based on the high-resistance-medium type.
Then, in step S7, the resistance value determination unit
29 determines whether the detected resistance value dif-
ference is within an allowable range. If the resistance
value determination unit 29 determines that the detected
resistance value difference is within the allowable range
(YES in step S7), the process proceeds to step S4 in
which the high-resistance medium is ejected as is.
[0080] On the other hand, if the resistance value de-
termination unit 29 determines that the detected resist-
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ance value difference is out of the allowable range (NO
in step S7), the process proceeds to step S8. In step S8,
the change control unit 30 changes a value of a reverse
voltage to be applied to the high-resistance medium from
a high-voltage power source 6 to a value causing the
above resistance value difference to be within the allow-
able range. Accordingly, in step S3, the high-voltage
power source 6 applies the reverse voltage of the
changed value to the high-resistance medium via the re-
verse voltage unit 5, and the resistance value difference
can be set within the allowable range (YES in step S7).
[0081] Therefore, the MFP 300 of the third embodiment
detects a resistance value of each high-resistance me-
dium after a reverse voltage is applied, and corrects
(changes) a reverse voltage value such that a resistance
value difference between the detected high-resistance
media is set within a predetermined range. Accordingly,
such correction can prevent an unfavorable situation in
which a reverse voltage to be applied to the high-resist-
ance medium is lowered due to usage environment and
aged deterioration. Moreover, an effect similar to the ef-
fect obtained in each of the above-described embodi-
ments can be obtained.
[0082] In the third embodiment, as described above in
the first modification of the first embodiment, the reverse
voltage control unit 27 may adjust a reverse voltage cor-
responding to temperature and humidity based on a volt-
age applied by the high-voltage power source 2 of the
secondary transfer unit 1 to apply the adjusted reverse
voltage to a high-resistance medium subsequent to a fix-
ing process. In such a case, the reverse voltage of a more
appropriate value can be applied to the high-resistance
medium subsequent to the fixing process, and an effect
similar to the above-described effect can be obtained.
[0083] Each of the above embodiments has been de-
scribed as one example, and such description is not in-
tended to limit the scope of the disclosure. Each of the
embodiments can be executed in other various configu-
rations, and various omissions, replacements, and
changes can be made within the scope of the invention.
[0084] For example, in the above-described embodi-
ment, a print surface and a reversed print surface of an
odd-numbered high-resistance medium respectively
have a positive polarity and a negative polarity, whereas
a print surface and a reversed print surface of an even-
numbered high-resistance medium respectively have a
negative polarity and a positive polarity as described with
reference to FIG. 9. However, a print surface and a re-
versed print surface of an odd-numbered high-resistance
medium may respectively have a negative polarity and
a positive polarity, whereas a print surface and a reversed
print surface of an even-numbered high-resistance me-
dium may respectively have a positive polarity and a neg-
ative polarity. Even in such a case, the high-resistance
media can be prevented from sticking to each other as
similar to the above-described embodiment.
[0085] Moreover, each of the embodiments and each
of the modifications of the embodiment are included in

the scope of the invention, and included in the following
claims and their equivalents.
[0086] The above-described embodiments are illustra-
tive and do not limit the present invention. Thus, numer-
ous additional modifications and variations are possible
in light of the above teachings. For example, elements
and/or features of different illustrative embodiments may
be combined with each other and/or substituted for each
other within the scope of the present invention.
[0087] Any one of the above-described operations may
be performed in various other ways, for example, in an
order different from the one described above.
[0088] The present invention can be implemented in
any convenient form, for example using dedicated hard-
ware, or a mixture of dedicated hardware and software.
The present invention may be implemented as computer
software implemented by one or more networked
processing apparatuses. The processing apparatuses
include any suitably programmed apparatuses such as
a general purpose computer, personal digital assistant,
mobile telephone (such as a WAP or 3G-compliant
phone) and so on. Since the present invention can be
implemented as software, each and every aspect of the
present invention thus encompasses computer software
implementable on a programmable device. The compu-
ter software can be provided to the programmable device
using any conventional carrier medium (carrier means).
The carrier medium includes a transient carrier medium
such as an electrical, optical, microwave, acoustic or ra-
dio frequency signal carrying the computer code. An ex-
ample of such a transient medium is a TCP/IP signal
carrying computer code over an IP network, such as the
Internet. The carrier medium may also include a storage
medium for storing processor readable code such as a
floppy disk, hard disk, CD ROM, magnetic tape device
or solid state memory device.

Claims

1. An image forming apparatus (100, 200, 300) com-
prising:

a transfer unit (1) configured to transfer toner
corresponding to a print target to a medium;
a fixing unit (3) configured to fix the toner trans-
ferred to the medium; and
a reverse voltage unit (5) configured to apply, in
a case in which a high-resistance medium is
conveyed as the medium, a reverse voltage of
an applied voltage having been applied to the
transfer unit, the reverse voltage unit being con-
figured to apply the reverse voltage to the high-
resistance medium subsequent to fixing of the
toner, and the reverse voltage corresponding to
a type of the high-resistance medium.

2. The image forming apparatus according to claim 1,
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wherein the reverse voltage unit adjusts a value of
the reverse voltage corresponding to the type of the
high-resistance medium according to a value of the
applied voltage having been applied to the transfer
unit, and applies the adjusted value of the reverse
voltage to the high-resistance medium.

3. The image forming apparatus according to claim 1,
further comprising at least one of a temperature sen-
sor (11) configured to detect a temperature inside
the image forming apparatus and a humidity sensor
(12) configured to detect a humidity inside the image
forming apparatus,
wherein the reverse voltage unit adjusts a value of
the reverse voltage corresponding to the type of the
high-resistance-medium according to at least one of
the detected temperature and the detected humidity
and applies the adjusted value of the reverse voltage
to the high-resistance medium, or adjusts a value of
the reverse voltage corresponding to the type of the
high-resistance-medium according to at least one of
the detected temperature and the detected humidity
and a value of the applied voltage having been ap-
plied to the transfer unit and applies the adjusted
value of the reverse voltage to the high-resistance
medium.

4. The image forming apparatus according to any one
of claims 1 through 3, further comprising:

a resistance value determination unit (29) con-
figured to determine whether a resistance value
difference of a plurality of high-resistance media
including the high-resistance medium to which
reverse voltages have been applied is a prede-
termined resistance value difference corre-
sponding to the type of the high-resistance-me-
dium, and
a change control unit (30) configured to change,
in a case in which the resistance value difference
is out of an allowable range, a value of the re-
verse voltage to be applied from the reverse volt-
age unit such that the resistance value differ-
ence is set within the allowable range.

5. The image forming apparatus according to claim 4,
wherein the resistance value determination unit de-
tects a difference between an average value of re-
sistance values of a plurality of high-resistance me-
dia to which reverse voltages have been applied and
an average value of resistance values of a next plu-
rality of high-resistance media as the resistance val-
ue difference.

6. A sheet processing method comprising:

transferring toner corresponding to a print target
to a medium by a transfer unit;

fixing the toner transferred to the medium by a
fixing unit; and
applying, in a case in which a high-resistance
medium is conveyed as the medium, a reverse
voltage of an applied voltage having been ap-
plied to the transfer unit, the applying applying
the reverse voltage by a reverse voltage unit to
the high-resistance medium subsequent to fix-
ing of the toner, and the reverse voltage corre-
sponding to a type of the high-resistance medi-
um.

7. A carrier medium (10) carrying computer readable
code for controlling a computer to carry out the sheet
processing method according to claim 6.
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