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(54) Image drum and method for manufacturing the image drum

(57) An image drum for selectively adsorbing a toner
thereon so as to form an image in a printing apparatus.
The image drum provides a new manufacturing method
which can connect ring electrodes formed on the circum-
ferential surface of a drum body and a printed circuit
board including a control chip for supplying a necessary
voltage to each ring electrode without using a laser
processing. Namely, various manufacturing methods,
such as a method of forming a connection hole by initially
forming a bead made of a hydrophobic material or a con-
ductive bump and removing the initially formed bead or
conductive bump, and forming a ring electrode by filling
a conductive material in the connection hole, and the
structure thereof are provided. Accordingly, due to a sim-
plified manufacturing process, manufacturing cost is re-
duced and an image drum may be more widely dissem-
inated.
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Description

[0001] The present invention relates to an image drum
utilized for a printing apparatus. More particularly, the
present invention relates to an image drum which can
improve productivity and reduce manufacturing cost by
simplifying a connection method between ring electrodes
formed on a circumferential surface of a drum body and
a printed circuit board provided with a control chip apply-
ing voltage to the ring electrodes.
[0002] FIG. 1 is a perspective view illustrating a con-
ventional image-forming element according to conven-
tional art, and FIG 2 is a partially enlarged cross-sectional
view illustrating a portion of the circumferential wall of
the image-forming element according to the conventional
art. The image-forming element shown in FIGS. 1 and 2
is disclosed in U.S. Patent No. 6,014,157 by reference.
[0003] Referring to FIGS. 1 and 2, a conventional im-
age-forming element 10 includes a hollow cylindrical
drum body 12 which is made of metal, preferably alumi-
num or an aluminum alloy. A plurality of circumferentially
extending electrodes 14 are formed on the outer circum-
ferential surface of the drum body 12. These electrodes
14 are electrically insulated from one another and from
the drum body 12 and are covered by a thin layer of in-
sulating layer. The electrodes 14 may generally be de-
signed depending on the desired resolution of the images
to be formed, but are preferably provided densely over
the whole length of the drum body 12 to be arranged with
a pitch of, for example, about 40 Pm in order to realize
a resolution of approximately 600 dots per inch (dpi).
[0004] An elongate-shaped control unit 16 is mounted
inside of the hollow drum body 12 such that a terminal
array 18 formed at a longitudinal edge of the control unit
16 adjoins the internal wall of the drum body 12. The
control unit 16 is arranged for individually applying a suit-
ably high voltage to each of the electrodes 14 via the
terminal array 18 in accordance with the image formation.
As shown in FIG 2, the individual electrodes 14 are
formed as grooves separated by adjacent insulating ridg-
es 20 and are filled internally with electrically conductive
material 32. Since the electrically conductive material 32
fills in a small diameter hole 24 and a large diameter hole
26 constituting a through-hole 22, the electrodes 14 are
electrically connected to zebra-strips 36 disposed at the
inner wall surface of the drum body 12 via the through-
hole 22. In this case, an anodized surface layer 34 is
present at the outer circumferential surface of the drum
body 12 and at the internal wall of the through-holes so
as to electrically insulate the drum body 12 and the elec-
trodes 14 from each other.
[0005] In order to manufacture the image-forming el-
ement 10, the cylindrical drum body 12 is provided. The
grooves are cut into the outer circumferential surface of
the drum body 12, for example, by means of a diamond
chisel to have a pitch of approximately 40 Pm and a width
of approximately 20 Pm to form the electrodes 14. Alter-
natively, these grooves may be formed on the outer cir-

cumferential surface of the drum body 12 by using a laser
beam or an electron beam.
[0006] In the next step, the large diameter holes 26 are
cut into the wall of the drum body 12 from inside by, for
example, a laser beam. The small diameter holes 24 may
also be formed with a laser beam, either from the inside
or outside of the drum body 12 to thereby form the
through-holes 22. After the through-holes 22 including
the small diameter holes 24 and the large diameter holes
26 have been formed, the whole drum body 12 is ano-
dized so as to form the insulating metal oxide layer 34
on the whole surface of the drum body 12. Thereafter,
the electrically conductive material 32 fills in the grooves
and the through-holes 22. The outer or inner circumfer-
ential surface of the drum body 12 is cut to a predeter-
mined depth through polishing so as to effectuate the
electrodes 14 and electrical connection portions inside
of the through-holes 22. An insulating layer is formed on
the outer circumferential surface of the drum body 12 and
the control unit 16 is disposed inside of the drum body
12 so as to complete the manufacture of the image-form-
ing element 10.
[0007] As described above, in order to form the elec-
trodes 14 on the outer circumferential surface of the drum
body 12, the grooves are densely formed over the whole
length of the drum body 12 using a precise cutting tool
and the through-holes 22 must be formed at regular in-
tervals either from the inside or outside of the drum body
12. After the formation of the anodized surface layer on
the outer circumferential surface of the drum body 12 and
at the internal wall of the through-holes 22, the electrically
conductive material 32 is filled into the grooves and the
through-holes 22 and is removed until a desired thick-
ness remains. Specifically, it takes very long to make the
through-holes 22 for connecting the electrodes 14 and
the control units 16 and to fill the electrically conductive
material 32 in the through-holes 22. Also, the manufac-
turing cost is significantly high and defects regularly oc-
cur. Accordingly, a new image drum and a method of
manufacturing the image drum are needed, which can
improve productivity and reduce manufacturing cost.
[0008] According to an aspect of the present invention,
there is provided a method of manufacturing an image
drum for selectively adsorbing toner thereon so as to form
an image, the method including: providing a hollow cy-
lindrical drum body having a printed circuit board provid-
ed inside of the drum body and exposing a terminal array;
forming a temporary (removable) structure on each ter-
minal in the array; coating an insulating layer on an area
excluding the temporary structure; forming a connection
hole by selectively removing the temporary structure; fill-
ing a conductive material in the connection hole; and
forming a plurality of ring electrodes which are circum-
ferentially arranged in parallel with a circumferential sur-
face of the drum body to pass through the conductive
material.
[0009] In this instance, the filling of the conductive ma-
terial may comprise applying a conductive material over
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the connection hole, selectively polishing the conductive
material and removing the same to leave the conductive
material in the connection hole. Also, the coating of the
insulating layer may include: coating the insulating layer
on the exposed surface of the printed circuit board in-
cluding the temporary structure; and externally exposing
the temporary structure by polishing the insulating layer.
The temporary structure may be a fixing device which is
fixed on the terminal array with a certain height.
[0010] The providing of the printed circuit board may
further include overlapping a plurality of sheets of printed
circuit boards, where each terminal on the respective
sheets of the printed circuit board has a constant pitch.
Also, the providing of the printed circuit board may further
include processing the exposed surface of the drum body
and the printed circuit board by lathing after the bonding.
The forming of the plurality of ring electrodes may further
include coating an insulating layer on the plurality of ring
electrodes.
[0011] The providing of the drum body may further in-
clude forming a hollow in the drum body, and having a
mounting hole pass through the hollow to provide the
printed circuit board in the hollow.
[0012] According to another aspect of the present in-
vention, there is provided a method of manufacturing an
image drum for selectively adsorbing a toner thereon so
as to form an image, the method including: providing a
hollow cylindrical drum body, providing a printed circuit
board provided inside of the drum body and exposing a
terminal array; dotting a bead formed of a hydrophobic
material on the terminal array; coating an insulating layer
on the exposed surface of the printed circuit board ex-
cluding the bead; forming a connection hole by selective-
ly removing the bead; filling a conductive material in the
connection hole; and forming a plurality of ring electrodes
which are circumferentially arranged in parallel with a
circumferential surface of the drum body to pass through
the conductive material.
[0013] The coating of the insulating layer may include
coating the insulating layer on the exposed surface of
the printed circuit board including the bead and externally
exposing the bead by removing the insulating layer. Also,
the bead of a hydrophobic material may be formed of any
one of a polydimethylsiloxane, a hydrophobic oil, and a
hydrophobic wax, or a mixture thereof.
[0014] According to still another aspect of the present
invention, there is provided a method of manufacturing
an image drum for selectively adsorbing a toner thereon
so as to form an image, the method including: providing
a cylindrical drum body including a mounting hole in a
longitudinal direction; bonding a printed circuit board, in-
cluding a control chip for applying voltage to ring elec-
trodes, to the mounting hole to externally expose a plu-
rality of terminals contacting the control chip; forming a
conductive bump to have a predetermined height on the
terminal; coating the exposed surface of the printed cir-
cuit board excluding the conductive bump, to form an
insulating layer; and forming a plurality of ring electrodes

which are circumferentially arranged in parallel with a
circumferential surface of the drum body and the printed
circuit board, to pass through the conductive bump.
[0015] According to yet another aspect of the present
invention, there is provided a method of manufacturing
an image drum for selectively adsorbing a toner thereon
so as to form an image, the method including: providing
a cylindrical drum body including a mounting hole in a
longitudinal direction; bonding a printed circuit board, in-
cluding a control chip for applying voltage, to the mount-
ing hole to externally expose a terminal contacting with
the control chip, with the printed circuit board being pro-
truded from a circumferential surface of the image drum;
partially removing the portions of the protruded printed
circuit board, to allow only a portion of the terminal to
protrude; coating an insulating layer on the exposed sur-
face of the printed circuit board excluding the protruded
terminal; and forming a plurality of ring electrodes, which
are circumferentially arranged in parallel with a circum-
ferential surface of the drum body and the printed circuit
board, to pass through the protruded terminal.
[0016] According to a further aspect of the present in-
vention, there is provided a method of manufacturing an
image drum for selectively adsorbing a toner thereon so
as to form an image, the method including: providing a
cylindrical drum body including a mounting hole in a lon-
gitudinal direction; bonding a printed circuit board, includ-
ing a control chip for applying voltage, to the mounting
hole to externally expose a terminal contacting the control
chip; coating the externally exposed printed circuit board
to form an insulating layer; forming a connection hole in
the insulating layer by piercing the insulating layer with
a piercing tool having a sharp end, so as to externally
expose the terminal; filling a conductive material in the
connection hole; forming a plurality of ring electrodes,
which are circumferentially arranged in parallel with the
exposed surface of the drum body and the printed circuit
board, to pass through the conductive material.
[0017] According to another aspect of the present in-
vention, there is provided a method of manufacturing an
image drum for selectively adsorbing a toner thereon so
as to form an image in a printing apparatus, the method
including: providing a cylindrical drum body including a
mounting hole in a longitudinal direction; bonding a print-
ed circuit board, including a control chip for applying volt-
age, to the mounting hole to externally expose a plurality
of terminals contacting the control chip; fixing a fixing
device on the terminal; coating the exposed surface of
the printed circuit board so as to form an insulating layer;
forming a connection hole in the insulating layer where
the fixing device is positioned, by separating the fixing
device; filling a conductive material in the connection
hole; and forming a plurality of ring electrodes, which are
circumferentially arranged in parallel with the exposed
surface of the drum body and the printed circuit board,
to pass through the conductive material.
[0018] According to another aspect of the present in-
vention, there is provided an image drum for selectively
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adsorbing a toner thereon so as to form an image, the
image drum including: a cylindrical drum body including
a mounting hole in a longitudinal direction, and a plurality
of ring electrodes which are arranged in parallel with each
other on its circumferential surface and electrically insu-
lated from each other; a printed circuit board, including
a control chip for applying voltage to the ring electrodes
respectively, bonded to the mounting hole to externally
expose a plurality of terminals contacting the control chip;
and a connecting part which connects each terminal and
ring electrode respectively by filling an insulating layer in
the connection hole, where the connection hole is in a
sphere shape or in a portion thereof and formed on the
terminal radially.
[0019] According to another aspect of the present in-
vention, there is provided an image drum for selectively
adsorbing a toner thereon so as to form an image, the
image drum including: a cylindrical drum body including
a mounting hole in a longitudinal direction, and a plurality
of ring electrodes which are arranged in parallel with each
other on its circumferential surface and electrically insu-
lated from each other; a printed circuit board, including
a control chip for respectively applying voltage to the ring
electrodes, bonded to the mounting hole to externally
expose a plurality of terminals contacting the control chip;
and a connecting part which connects each ring electrode
of the plurality of ring electrodes, and conductive bump,
which is initially formed on the terminal, with a subse-
quently formed insulating layer surrounding the conduc-
tive bump.
[0020] According to an aspect of the present invention,
there is provided an image drum for selectively adsorbing
a toner thereon so as to form an image, the image drum
including: a cylindrical drum body including a mounting
hole in a longitudinal direction and a plurality of ring elec-
trodes which are arranged in parallel with each other on
its circumferential surface and electrically insulated from
each other; a printed circuit board, including a control
chip for respectively applying voltage to the ring elec-
trodes, bonded to the mounting hole to externally expose
a plurality of terminals contacting with the control chip;
and a connecting part which connects each terminal and
ring electrode respectively by filling an insulating layer in
the connection hole, where the connection hole is in a
shape of a pyramid or a cone and formed on the terminal
radially.
[0021] The present invention thus provides an image
drum which can be easily fabricated and has excellent
printing quality, and a method of manufacturing the image
drum.
[0022] The present invention also provides an image
drum which can be readily and easily fabricated, is ad-
vantageous for mass production, and can reduce man-
ufacturing cost, and a method of manufacturing the im-
age drum.
[0023] The present invention also provides an image
drum which reduces manufacturing and product costs
since fine processing using a laser is not necessary for

forming a connecting part which connects each ring elec-
trode to a terminal of a control chip.
[0024] The above and/or other aspects and advantag-
es of the present invention will become apparent and
more readily appreciated from the following detailed de-
scription, taken in conjunction with the accompanying
drawings of which:

FIG. 1 is a perspective view illustrating a convention-
al image-forming element according to conventional
art;
FIG. 2 is a partially enlarged cross-sectional view
illustrating a portion of the circumference wall of the
conventional image-forming element according to
the conventional art;
FIG. 3 is a schematic cross-sectional view illustrating
the inner construction of a printer using an image
drum according to an exemplary embodiment of the
present invention;
FIG. 4 is a partially enlarged perspective view illus-
trating the image drum shown in FIG. 3;
FIGS. 5 to 13 are views illustrating a manufacturing
method according to a first exemplary embodiment
of the present invention, wherein:

FIG. 5 is a partially enlarged perspective view
illustrating a drum body;
FIG. 6 is a partially enlarged perspective view
illustrating a printed circuit board bonded to the
drum body shown in FIG. 5;
FIG. 7 is a partially enlarged cross-sectional
view illustrating a bead dotted on a terminal;
FIG. 8 is a partially enlarged cross-sectional
view illustrating a coated insulating layer over
the bead shown in FIG. 7;
FIG. 9 is a partially enlarged cross-sectional
view illustrating a connection hole formed by re-
moving the bead shown in FIG. 8;
FIG. 10 is a partially enlarged cross-sectional
view illustrating an electrically conductive mate-
rial filled into the connection hole shown in FIG.
9;
FIG. 11 is a partially enlarged cross-sectional
view illustrating a portion of electrically conduc-
tive material removed through polishing;
FIG. 12 is a partially enlarged cross-sectional
view illustrating a formed ring electrode;
FIG. 13 is a partially enlarged cross-sectional
view illustrating a coated insulating layer;

FIGS 14 to 18 are views illustrating a manufacturing
method according to a second exemplary embodi-
ment of the present invention, wherein:

FIG. 14 is a partially enlarged cross-sectional
view illustrating a terminal formed on a conduc-
tive bump;
FIG. 15 is a partially enlarged cross-sectional
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view illustrating an insulating layer coated on the
conductive bump shown in FIG. 14;
FIG. 16 is a partially enlarged cross-sectional
view illustrating an appearance after grinding
the coated insulating layer shown in FIG 15;
FIG. 17 is a partially enlarged cross-sectional
view illustrating a ring electrode formed on the
electrically conductive bump shown in FIG 16;
FIG. 18 is a partially enlarged cross-sectional
view illustrating an insulating layer coated on the
ring electrode shown in FIG. 17;

FIGS. 19 to 24 are views illustrating a manufacturing
method according to a third exemplary embodiment
of the present invention, wherein:

FIG. 19 is a partially enlarged cross-sectional
view illustrating a printed circuit board bonded
to a drum body;
FIG. 20 is a partially enlarged cross-sectional
view illustrating a partially etched portion of the
printed circuit board shown in FIG. 19;
FIG 21 is a partially enlarged cross-sectional
view illustrating an insulating layer coated on an
exposed surface of the printed circuit board
shown in FIG. 20;
FIG. 22 is a partially enlarged cross-sectional
view illustrating an appearance after grinding
the coated insulating layer shown in FIG. 21;
FIG. 23 is a partially enlarged cross-sectional
view illustrating a formed ring electrode on the
grinded exposed surface of the printed circuit
board shown in FIG. 22;
FIG. 24 is a partially enlarged cross-sectional
view illustrating an insulating layer coated on the
ring electrode shown in FIG. 23;

FIGS. 25 to 30 are views illustrating a manufacturing
method according to a fourth embodiment of the
present invention, wherein:

FIG. 25 is a partially enlarged cross-sectional
view illustrating an insulating layer coated on a
terminal;
FIG. 26 is a partially enlarged cross-sectional
view illustrating a connection hole formed by
piercing the insulting layer shown in FIG 25 us-
ing a piercing tool;
FIG. 27 is a partially enlarged cross-sectional
view illustrating an electrically conductive mate-
rial filling in the connection hole shown in FIG.
26;
FIG. 28 is a partially enlarged cross-sectional
view illustrating a remaining portion of the elec-
trically conductive material after processing;
FIG. 29 is a partially enlarged cross-sectional
view illustrating a formed ring electrode;
FIG 30 is a partially enlarged cross-sectional

view illustrating an insulating layer coated on the
ring electrode shown in FIG. 29;

FIGS. 31 to 37 are views illustrating a manufacturing
method according to a fifth exemplary embodiment
of the present invention, wherein:

FIG. 31 is a partially enlarged cross-sectional
view illustrating a fixing device fixed on a termi-
nal;
FIG. 32 is a partially enlarged cross-sectional
view illustrating an insulating layer formed while
the fixing device is fixed on the terminal as
shown in FIG 31;
FIG. 33 is a partially enlarged cross-sectional
view illustrating a connection hole formed by re-
moving the fixing device shown in FIG. 32;
FIG. 34 is a partially enlarged cross-sectional
view illustrating an electrically conductive mate-
rial filled into the connection hole shown in FIG.
33;
FIG. 35 is a partially enlarged cross-sectional
view illustrating a remaining electrically conduc-
tive material filled into the connection hole
shown in FIG. 34, after processing;
FIG. 36 is a partially enlarged cross-sectional
view illustrating a formed ring electrode; and
FIG 37 is a partially enlarged cross-sectional
view illustrating an insulating layer coated on the
ring electrode shown in FIG. 36.

[0025] Reference will now be made in detail to exem-
plary embodiments of the present invention, examples
of which are illustrated in the accompanying drawings,
wherein like reference numerals refer to the like elements
throughout. The exemplary embodiments are described
below in order to explain the present invention by refer-
ring to the figures.
[0026] FIG. 3 is a schematic cross-sectional view illus-
trating the inner construction of a printer using an image
drum according to an exemplary embodiment of the
present invention.
[0027] Referring to FIG. 3, the image drum 100 in-
cludes a cylindrical drum body 110 and a printed circuit
board 300 bonded to a mounting hole 120 of the drum
body 110. A toner feed roller 210, a magnetic cutter 220
and an image transfer section 230 are disposed around
the outer circumferential surface of the image drum 100.
A toner 1 from a toner storage section (not shown) is
supplied to the toner feed roller 210. The supplied toner
1 is transferred to the image drum 100 from the toner
feed roller 210 while moving on the outer circumferential
surface of the toner feed roller 210. In this instance, the
toner 1 is kept in an electrically charged state, and is
transferred to the magnetic cutter 220 while maintaining
a contact with an insulating layer formed on the outermost
circumferential portion of the image drum 100.
[0028] The magnetic cutter 220 includes a rotary
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sleeve 224, and a magnet 222 disposed within the mag-
netic cutter 220 for applying an attraction force to the
toner 1. The magnet 222 is positioned adjacent to the
image drum 100, and can attract the toner 1 adhered to
the surface of the image drum 100 using a magnetic
force. The magnet 222 has a sufficient magnetic force
which can collect the toner 1 from the electrodes of the
image drum 100 which is not applied with a voltage. The
toner 1 collected by the magnet 222 is fed back to the
toner storage section or the toner feed roller 210 through
the rotary sleeve 224.
[0029] The toner 1, which is not fed back to the toner
storage section or the toner feed roller 210 by the mag-
netic cutter 220, is transferred to the image transfer sec-
tion 230 from the outer circumferential surface of the im-
age drum 100. Then, the toner 1 transferred to the image
transfer section 230 is moved to a printing paper sheet
which is in turn heat-treated so as to allow the toner 1 to
be adhered to the surface of the printing paper sheet.
The image drum 100 controls the voltage applied to the
electrodes to conform to an image signal. Subsequently,
the image drum 100 generates an electrostatic force larg-
er than that of the magnet 222 so as to prevent the toner
1 from being collected to the magnetic cutter 220.
[0030] Approximately five thousand electrodes are
controlled independently so as to represent a two dimen-
sional image on the image drum 100. The image repre-
sented on the image drum 100 through the toner 1 can
be transferred to the printing paper sheet by using the
image transfer section 230 as a relay means. After the
toner 1 has been adhered to the surface of the printing
paper sheet, the printing paper sheet passes through a
heat-treatment apparatus. In this instance, the toner is
adsorbed to the surface of the printing paper sheet to
complete a corresponding printing.
[0031] Hereinafter, a configuration of an image drum
and a method of manufacturing the image drum accord-
ing to an exemplary embodiment of the present invention
will be described. FIG 4 is a partially enlarged perspective
view illustrating the image drum shown in FIG 3.
[0032] As shown in FIG. 4, the drum body 110 is formed
in a hollow cylindrical shape, and may be formed of a
material having excellent heat conductivity and mechan-
ical strength. Mounting holes 120, which are open in a
longitudinal direction, are disposed on an outside surface
on opposite sides of the cross section of the drum body
110, respectively. The printed circuit board 300 is bonded
to the mounting holes 120, to externally expose its side
face. The printed circuit board 300 will be described later
in detail.
[0033] A ring electrode 130 is provided on the circum-
ferential surface of the drum body 110. In this instance,
the ring electrode 130 may be circumferentially formed
on the circumferential surface of the drum body 110 to
have a pitch of approximately 40 Pm and a width of ap-
proximately 20 Pm. The ring electrodes 130 covering the
circumference of the drum body 110 are formed to have
a width corresponding to the printing width of the printing

paper sheet. As an example, assuming the printing paper
sheet of A4 size, the drum body 110 is formed to have a
length of at least 20 to 22 cm over the whole width thereof.
In this instance, each of the ring electrodes 130 may be
formed to have a pitch of approximately 40 Pm to achieve
about five thousand lines. The ring electrodes 130 can
be formed in a ring structure which is closed as one piece
or partially opened. That is, both ends of each of the ring
electrodes 130 may be electrically interconnected to form
a closed ring structure, but it is possible to electrically
insulate both ends of the each ring electrode 130 accord-
ing to circumstances. The ring electrode 130 may be
made of silver (Ag).
[0034] The printed circuit board 300 is provided with
an unillustrated control chip which can individually apply
a voltage to each of the ring electrodes 130. The printed
circuit board 300 is formed by stacking four sheets of the
printed circuit boards 310 and includes a terminal array
making contact with the ring electrode 130. The terminal
array, which may be formed of copper and is formed on
a portion in which the printed circuit board 300, is exter-
nally exposed on the circumferential surface of the drum
body 110. An insulating layer is coated on the exposed
surface of the printed circuit board 300, but not illustrated
herein.
[0035] The ring electrodes 130 must be connected to
the control chip so as to thereby control a voltage of each
of the ring electrodes 130. The ring electrode 130 must
initially make contact with the terminal of the control chip,
so as to be connected with the control chip. Connecting
positions will be discussed below.
[0036] Terminals (shown in FIGS. 7-32) of each sheet
of the printed circuit board 310 do not contact with ring
electrodes in sequential order. Terminals exposed on
one side surface are in contact with, for example, a sec-
ond, a fourth, and a sixth ring electrode. Namely, from
four sheets of printed circuit boards 310, a first sheet of
printed circuit board 310 is connected to the second ring
electrode and a second sheet of printed circuit board is
connected to the sixth ring electrode. Each connection
section 131 of each sheet of printed circuit board has a
length of about 80 Pm, and is arranged with a pitch of
about 40 Pm. Particularly, a pitch indicates an interval
between centers of connection sections 131. A vertical
connection section 132 filled with an electrically conduc-
tive material is formed on the center of the connection
section 130 to connect one terminal of each sheet of print-
ed circuit board 310 with only one ring electrode 130. An
insulating layer around the vertical connection portion
132 prevents each ring electrode 130 or each terminal
from shorting. Likewise, terminals exposed on one side
surface are in contact with, for example, a first, a third,
and a fifth ring electrode, which is shown in the circle of
FIG. 4.
[0037] As described in the conventional art, it takes a
very long time to connect each ring electrode 130 and
terminal of the control chip in the conventional art. Also,
a manufacturing cost is significantly high. However, the
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present invention suggests a manufacturing method as
follows.
[0038] Hereinafter, an image drum manufacturing
method according to a first exemplary embodiment of the
present invention will be described.
[0039] A manufacturing method according to a first ex-
emplary embodiment of the present invention will be de-
scribed. FIG. 5 is a partially enlarged perspective view
illustrating a drum body 110, FIG. 6 is a partially enlarged
perspective view illustrating a printed circuit board bond-
ed to the drum body shown in FIG. 5, FIG 7 is a partially
enlarged cross-sectional view illustrating a bead dotted
on a terminal, FIG. 8 is a partially enlarged cross-sec-
tional view illustrating a coated insulating layer over the
bead shown in FIG 7, FIG. 9 is a partially enlarged cross-
sectional view illustrating a connection hole formed by
removing the bead shown in FIG 8, FIG 10 is a partially
enlarged cross-sectional view illustrating an electrically
conductive material filled into the connection hole shown
in FIG 9, FIG. 11 is a partially enlarged cross-sectional
view illustrating a portion of electrically conductive ma-
terial removed through polishing, FIG 12 is a partially
enlarged cross-sectional view illustrating a formed ring
electrode, and FIG 13 is a partially enlarged cross-sec-
tional view illustrating a coated insulating layer.
[0040] As shown in FIG. 5, the drum body 110 is formed
of a material having excellent heat conductivity and me-
chanical strength such as aluminum, and is provided
through a cutting process. In this instance, the drum body
110 includes mounting holes 120 for mounting a printed
circuit board. Two mounting holes 120 are formed on an
outside surface on opposite sides of the drum body 110,
respectively.
[0041] A hollow may be formed in the drum body 110.
Also, grooves may be formed on the circumferential sur-
face of the drum body 110 at regular intervals, to have a
pitch of approximately 40 Pm and a width of approximate-
ly 20 Pm. The electrodes 130 are disposed on the
grooves. The grooves will be described later.
[0042] As shown in FIG. 6, the printed circuit board
300 is bonded to the mounting holes 120 of the drum
body 110. A control chip for applying a voltage to each
of a plurality of ring electrodes is mounted on the printed
circuit board 300. Also, the printed circuit board 300 is
formed by stacking four sheets of printed circuit boards
310. In this instance, the printed circuit board 300 is bond-
ed to the mounting holes 120 of the drum body 110, to
externally expose a plurality of terminals of the control
chip. The terminal is formed on each printed circuit board
310. The terminal formed on one sheet of printed circuit
board 310 and another terminal formed on another sheet
of printed circuit board 310 adjacent to the one sheet of
printed circuit board 310 are provided to have a pitch of
approximately 40 Pm.
[0043] The exposed surface of the drum body 110 and
the printed circuit board 300 may be processed by lathing.
[0044] As shown in FIG 7, a bead 321 of a hydrophobic
material is dotted on a terminal 320 at regular intervals,

and the terminal 320 contacts with a control chip. After
sufficient time has passed, the dotted bead 321 is hard-
ened from a liquid to a solid and is in the shape of a
sphere or a part thereof. Since the bead 321 is dotted on
the terminal 320 of a sheet of the printed circuit board
310, each bead 321 is arranged with a pitch of approxi-
mately 40P m. Dotting the bead in the current example
is based on a precise process and the description related
thereto will be omitted herein for convenience. The bead
321 may be formed of a polydimethylsiloxane, a hydro-
phobic oil, a hydrophobic wax, and the like.
[0045] As shown in FIG 8, an insulating layer 330 is
coated over the exposed surface of the printed circuit
board 310 including the terminal 320. Various methods
such as chemical vapor deposition (CVD), elec-
trode/non-electrode plating and a thin conductive film us-
ing a sputtering method may be utilized as the coating
method.
[0046] As shown in FIG. 9, a connection hole 341 is
formed by removing the bead 321 through lathing. The
connection hole 341 may have a similar shape to the
removed bead 321. Namely, the connection hole 341 is
in the shape of a sphere or a portion thereof.
[0047] As shown in FIG. 10, an electrically conductive
material 345 coats the exposed surface of the printed
circuit board 310 including the connection hole 341. Par-
ticularly, the connection hole 341 is filled with the elec-
trically conductive material 345. The electrically conduc-
tive material 345 may be formed of Ag.
[0048] As shown in FIG. 11, the exposed surface of
the printed circuit board 310 formed with the connection
hole 341 is processed by lathing or polishing. In this in-
stance, the electrically conductive material 345 remain-
ing is only in the connection hole 341, and the rest is
removed through processing.
[0049] As shown in FIG. 12, a plurality of ring elec-
trodes 130 are circumferentially arranged in parallel with
a circumferential surface of the drum body and the printed
circuit board 310, to pass through the electrically con-
ductive material 345 filling in the connection hole 341,
through printing. The printing method may utilize a meth-
od of initially forming a mask omitting a portion to form
the ring electrodes 130 and subsequently applying an
electrically conductive material.
[0050] When describing modified exemplary embodi-
ments for forming a ring electrode 130, in addition to the
methods described in FIGS. 10 and 11, the electrode ring
130 may be formed on the connection hole 341 in one
process at the same time when the electrically conductive
material 345 fills in the connection hole 341. Alternatively,
in FIG. 11, the ring electrode 130 may be formed by se-
lectively removing the electrically conductive material
345 which remains in the connection hole 341.
[0051] As shown in FIG 13, an insulting material 350
is coated on the ring electrode 130. The insulating layer
may be formed of parylene.
[0052] According to the manufacturing method as de-
scribed above, the ring electrode 130 is connected to the
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terminal 320, and the terminal 320 is connected to a con-
trol chip (not shown) installed on the printed circuit board
310. Accordingly, the control chip may apply a necessary
voltage to each ring electrode 130. Namely, in the present
exemplary embodiment, since high cost laser processing
is unnecessary, manufacturing cost may be reduced
while productivity is improved.
[0053] A manufacturing method according to a second
exemplary embodiment of the present invention will be
described. FIG. 14 is a partially enlarged cross-sectional
view illustrating a terminal 320 formed as an electrically
conductive bump 410, FIG. 15 is a partially enlarged
cross-sectional view illustrating an insulating layer 420
coated on the conductive bump shown in FIG 14, FIG.
16 is a partially enlarged cross-sectional view illustrating
an appearance after grinding the coated insulating layer
420 shown in FIG. 15, FIG. 17 is a partially enlarged
cross-sectional view illustrating a ring electrode 130
formed on the electrically conductive bump 410 shown
in FIG. 16, and FIG 18 is a partially enlarged cross-sec-
tional view illustrating an insulating layer 420 coated on
the ring electrode 130 shown in FIG. 17.
[0054] The current exemplary embodiment is the same
as in the first exemplary embodiment as described with
reference to FIGS. 5 and 6, which provides a drum body
which is formed of a material having excellent heat con-
ductivity and mechanical strength and has mounting
holes on an outer surface of both sides of the cross sec-
tion of the drum body. Also, identical to the first exemplary
embodiment, the current exemplary embodiment bonds
a printed circuit board including a control chip, to the
mounting holes to externally expose a side face of the
printed circuit board. Again, identical to the first exem-
plary embodiment, the current exemplary embodiment
initially bonds the printed circuit body to externally expose
a plurality of terminals and process an exposed surface
of the drum body and the printed circuit body by lathing.
[0055] As shown in FIG. 14, the electrically conductive
bump 410 is formed on a terminal 320 connected to a
control chip. The conductive bump 410 may be formed
to have a thickness greater than 5 Pm by electroplating,
screen printing using a mask or bumping. The conductive
bump 410 may be formed of any one of gold, silver, cop-
per, nickel, tin, lead, and indium, or formed of an alloy
thereof. Since the conductive bump 410 is formed on
each terminal 320, a plurality of conductive bumps 410
are provided. Identical to the first exemplary embodi-
ment, the conductive bumps 410 may be arranged with
a pitch of approximately 40 Pm on each sheet of printed
circuit board 310.
[0056] As shown in FIG. 15, an insulating layer 420 is
coated on the exposed surface of the printed circuit board
310 to include the conductive bump 410. The insulating
layer 420 may have a thickness of about 1 to 2 Pm. As
described above, it is possible to initially coat an insulat-
ing layer 420 to have a thickness less than a height of a
conductive bump 410 and subsequently remove the con-
ductive bump 410 and the insulating layer 420 to have a

certain height. Also, it is possible to initially coat an insu-
lating layer 420 on an exposed surface including a con-
ductive bump 410 and subsequently remove a portion of
the insulating layer 420 to externally expose the conduc-
tive bump 410. This is because a height of the conductive
bump 410 is smaller than a thickness of the insulating
layer 420.
[0057] As shown in FIG. 16, the conductive bump 410
and the insulating layer 420 may be processed by lathing
or grinding. During this process, the conductive bump
410 is externally exposed and has an identical height to
the insulating layer 420.
[0058] As shown in FIG. 17, a plurality of ring elec-
trodes 130 are circumferentially arranged in parallel with
a circumferential surface of the drum body and the printed
circuit board 310, to pass through the conductive bump
410, through printing.
[0059] As shown FIG. 18, an insulating layer 350 is
coated on the ring electrode 130. The insulating layer
350 may be formed of parylene.
[0060] Furthermore, in the second exemplary embod-
iment, a connecting part connects each ring electrode
130 and terminal 320, and the subsequently formed in-
sulating layer 420 surrounds the connecting part and the
initially formed conductivity bump 410. Since the ring
electrode 130 is connected to a control chip by the ter-
minal 320, the control chip may apply a necessary voltage
to each ring electrode 130. Even in the second exemplary
embodiment, since high a cost laser processing is un-
necessary, manufacturing cost may be reduced while
productivity is improved.
[0061] A manufacturing method according to a third
exemplary embodiment of the present invention will be
described. FIG. 19 is a partially enlarged cross-sectional
view illustrating a printed circuit board 510 bonded to a
drum body 110, FIG. 20 is a partially enlarged cross-
sectional view illustrating a partially etched portion of the
printed circuit board 510 shown in FIG 19, FIG. 21 is a
partially enlarged cross-sectional view illustrating an in-
sulating layer 530 coated on an exposed surface of the
printed circuit board 510 shown in FIG. 20, FIG. 22 is a
partially enlarged cross-sectional view illustrating an ap-
pearance after grinding the coated insulating layer 530
shown in FIG 21, FIG. 23 is a partially enlarged cross-
sectional view illustrating a formed ring electrode 130 on
the ground exposed surface of the printed circuit board
510 shown in FIG 22, and FIG 24 is a partially enlarged
cross-sectional view illustrating an insulating layer 530
coated on the ring electrode 130 shown in FIG. 23.
[0062] Identical to the first exemplary embodiment, as
described with reference to FIG. 5 and FIG 6, a drum
body is provided which is formed of a material having
excellent heat conductivity and mechanical strength and
has mounting holes on both side surfaces of the cross
section of the drum body.
[0063] As shown in FIG. 19, a printed circuit board 510
is bonded to the mounting hole 120 of the drum body 110
and is externally protruded from the circumferential sur-
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face of the drum body 110, having a certain height. Also,
identical to the first exemplary embodiment, a terminal
520 connected with a control chip is externally exposed.
In this instance, the control chip is installed in the printed
circuit board which is formed by overlapping four sheets
of printed circuit boards 510.
[0064] As shown in FIG. 20, the printed circuit board
510 is etched by using an etchant so as to externally
expose the terminal 520. Namely, the terminal 520 is
externally protruded from the printed circuit board 510
by etching portions surrounding the terminal 520.
[0065] As shown in FIG. 21, an insulating layer 530 is
coated on the exposed surface of the printed circuit board
510 to include the protruded terminal 520. The coating
method may utilize various methods such as plating. The
insulating layer 530 may be formed of a dielectric mate-
rial.
[0066] As shown in FIG. 22, the protruded terminal 520
and the insulating layer 530 are ground by lathing or pol-
ishing. The terminal 520 is externally exposed by the
processing as described above.
[0067] As shown in FIG. 23, a plurality of ring elec-
trodes 130 are circumferentially arranged in parallel with
a circumferential surface of the drum body and the printed
circuit board 510 to pass through the exposed terminal
520.
[0068] As shown in FIG. 24, an insulating layer 540 is
coated on the ring electrode 130. The insulating layer
540 may be formed of parylene.
[0069] According to the manufacturing method as de-
scribed above, the ring electrode 130 is connected to the
terminal 520, and the terminal 520 is connected to a con-
trol chip (not shown) installed on the printed circuit board
510. Accordingly, the control chip may apply a necessary
voltage to each ring electrode 130. Namely, in the present
exemplary embodiment, since high cost laser processing
is unnecessary, a manufacturing cost may be reduced
and productivity may be improved.
[0070] A manufacturing method according to a fourth
exemplary embodiment of the present invention will be
described. FIG. 25 is a partially enlarged cross-sectional
view illustrating an insulating layer 610 coated on a ter-
minal, FIG. 26 is a partially enlarged cross-sectional view
illustrating a connection hole 620 formed by piercing the
insulating layer 610 shown in FIG 25 using a piercing tool
630, FIG 27 is a partially enlarged cross-sectional view
illustrating an electrically conductive material 640 filling
in the connection hole shown in FIG. 26, FIG. 28 is a
partially enlarged cross-sectional view illustrating a re-
maining portion of the electrically conductive material af-
ter processing, FIG. 29 is a partially enlarged cross-sec-
tional view illustrating a formed ring electrode, and FIG.
30 is a partially enlarged cross-sectional view illustrating
an insulating layer coated on the ring electrode shown in
FIG. 29.
[0071] Identical to the first exemplary embodiment, as
described with reference to FIG. 5 and FIG. 6, a drum
body is provided which is formed of a material having

excellent heat conductivity and mechanical strength and
has mounting holes on both side surfaces of the cross
section of the drum body to face each other in a diameter
direction. Also, identical to the first exemplary embodi-
ment, the current exemplary embodiment bonds a printed
circuit board including a control chip, to the mounting
holes to externally expose a side face of the printed circuit
board, after providing the drum body. Likewise, identical
to the first exemplary embodiment, the current exemplary
embodiment initially bonds the printed circuit body to ex-
ternally expose a plurality of terminals and processes an
exposed surface of the drum body and the printed circuit
body by lathing. Details of the fourth exemplary embod-
iment are described below.
[0072] As shown in FIG. 25, an insulating layer 610 is
coated on a terminal 320. In this instance, the insulating
layer 610 may be formed of parylene and formed to have
a thickness of about 3 Pm.
[0073] As shown in FIG. 26, a connection hole 620 is
formed by piercing the insulating layer 610 with a piercing
tool 630 to externally expose the terminal 320. As de-
scribed above, since the terminal 320 is arranged with a
pitch of approximately 40 Pm, a sharp end of the piercing
tool 630 may also be arranged with a pitch of approxi-
mately 40 Pm. However, this may increase a manufac-
turing cost because of difficulty in its fabrication. Accord-
ingly, sharp ends of the piercing tool 630 may be arranged
with a pitch of approximately 200 Pm or approximately
400 Pm. In this case, the piercing tool 630 may form each
connection hole 620 on each terminal 320 by shifting and
piercing.
[0074] As shown in FIG. 27, an electrically conductive
material 640 is coated on the exposed surface of the
printed circuit board 310 including the connection hole
620. The electrically conductive material 640 fills in the
connection hole 620.
[0075] As shown in FIG. 28, the exposed surface of
the printed circuit board formed with the connection hole
620 is ground by lathing or polishing. In this instance, the
only electrically conductive material 640 remaining is in
the connection hole 620, and the rest is removed from
exposed surface of the printed circuit board through
processing.
[0076] As shown in FIG. 29, a plurality of ring elec-
trodes 130 are circumferentially arranged in parallel with
a circumferential surface of the drum body and the printed
circuit board 310, to pass through the electrically con-
ductive material 640 filled into the connection hole 620,
through printing.
[0077] When describing modified exemplary embodi-
ments for forming a ring electrode 130, in addition to the
methods described in FIGS. 27 and 28, the electrode ring
130 may be formed on the connection hole 620 in one
process at the same time when the electrically conductive
material 640 fills in the connection hole 620. Alternatively,
in FIG. 28, the ring electrode 130 may be formed by se-
lectively removing the electrically conductive material
640 which remains on the connection hole 620.
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[0078] As shown in FIG. 30, an insulating layer 650 is
coated on the ring electrode 130 and the insulating layer
610.
[0079] As described above, in the fourth exemplary
embodiment, a connection hole 620 is easily formed by
using a piercing tool 630 and utilized as a connecting
part connecting each ring electrode 130 and terminal
320. Accordingly, since high cost laser processing is un-
necessary, manufacturing cost may be reduced while
productivity is improved.
[0080] A manufacturing method according to a fifth ex-
emplary embodiment of the present invention will be de-
scribed. FIG 31 is a partially enlarged cross-sectional
view illustrating a fixing device 710 fixed on a terminal
320, FIG. 32 is a partially enlarged cross-sectional view
illustrating an insulating layer formed while the fixing de-
vice 710 is fixed on the terminal 320 as shown in FIG.
31, FIG 33 is a partially enlarged cross-sectional view
illustrating a connection hole 730 formed by removing
the fixing device 710 shown in FIG. 32, FIG. 34 is a par-
tially enlarged cross-sectional view illustrating a electri-
cally conductive material 740 filled into the connection
hole 730 shown in FIG. 33, FIG. 35 is a partially enlarged
cross-sectional view illustrating a remaining electrically
conductive material 740 filled into the connection hole
730 shown in FIG. 34, after processing, FIG. 36 is a par-
tially enlarged cross-sectional view illustrating a formed
ring electrode 130, and FIG. 37 is a partially enlarged
cross-sectional view illustrating an insulating layer 750
coated on the ring electrode 130 shown in FIG 36.
[0081] Identical to the first embodiment, as described
with reference to FIG 5 and FIG 6, a drum body is pro-
vided which is formed of a material having excellent heat
conductivity and mechanical strength and has mounting
holes on both side surfaces of the cross section of the
drum body. Also, identical to the first exemplary embod-
iment, the current exemplary embodiment bonds a print-
ed circuit board including a control chip, to the mounting
holes to externally expose a side face of the printed circuit
board. Similar to the first exemplary embodiment, the cur-
rent exemplary embodiment initially bonds the printed
circuit body to externally expose a plurality of terminals
and processes an exposed surface of the drum body and
the printed circuit body by lathing.
[0082] As shown in FIG 31, a fixing device 710 having
a sharp end is fixed on a terminal 320. The fixing device
710 may have a sharp end so as to easily fix the terminal
320, and have a certain height.
[0083] As shown in FIG. 32, an insulating layer 720 is
formed on the terminal 320 while the fixing device 710 is
being fixed on the terminal 320. In this instance, the in-
sulating layer 720 does not penetrate into the portion
fixed by the fixing device 710. The insulating layer 720
has a thickness of about 3 Pm. A height of the fixing
device 710 is greater than the thickness of the insulating
layer 720.
[0084] As shown in FIG. 33, a connection hole 730 is
formed by removing the fixing device 710. Namely, since

the insulating layer 720 is not formed on a portion of the
terminal 320 where the fixing device 710 is fixed, this
portion becomes the connection portion 730.
[0085] As shown in FIG 34, the electrically conductive
material 740 is coated on the exposed surface of the
printed circuit board 310 including the connection portion
730. In this instance, the electrically conductive material
740 fills in the connection hole 730.
[0086] As shown in FIG. 35, a surface of the printed
circuit board 310 formed with the connection hole 730 is
ground by lathing or polishing. Consequently, the elec-
trically conductive material 740 remaining is only in the
connection hole 730, and the rest is removed through
processing.
[0087] As shown in FIG 36, a plurality of ring electrodes
130 are circumferentially arranged in parallel with a cir-
cumferential surface of the drum body and the printed
circuit board 310, to pass through the electrically con-
ductive material 740 filled into the connection hole 730,
through printing.
[0088] When describing modified exemplary embodi-
ments for forming a ring electrode 130, in addition to the
methods described in FIGS. 34 and 35, the electrode ring
130 may be formed on the connection hole 730 in one
process at the same time when the electrically conductive
material 740 fills in the connection hole 730. Alternatively,
in FIG 35, the ring electrode 130 may be formed by se-
lectively removing the electrically conductive material
740 which remains on the connection hole 730.
[0089] As shown in FIG. 37, an insulating layer 750 is
coated on the ring electrode 130.
[0090] As described above, in the fifth exemplary em-
bodiment, a connection hole is formed by initially fixing
a fixing device 710 in a portion where the connection hole
730 may be formed and subsequently forming an insu-
lating layer 720 and removing the fixing device 710. The
connection hole 730 filled with an electrically conductive
material 740 is utilized as a connecting part connecting
each ring electrode 130 and terminal 320. Accordingly,
since high cost laser processing is unnecessary, a man-
ufacturing cost may be reduced and productivity may be
improved.
[0091] Therefore, according to the present invention,
precision processing using a laser is not needed to form
a connecting part which connects each ring electrode
and terminal of a control chip. As a result, manufacturing
cost may be reduced and also, an image drum may be
more widely disseminated.
[0092] Also, according to the present invention, an im-
age drum can be readily and easily fabricated, is advan-
tageous for mass production, and can decrease an error
rate.
[0093] Also, according to the present invention, a man-
ufacturing process is simplified. Accordingly, the manu-
facturing time and labor may be reduced.
[0094] Although exemplary embodiments of the
present invention have been shown and described, the
present invention is not limited to the described exem-
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plary embodiments. Instead, it would be appreciated by
those skilled in the art that changes may be made to
these exemplary embodiments without departing from
the invention, the scope of which is defined by the claims.

Claims

1. A method of manufacturing an image drum for se-
lectively adsorbing a toner thereon so as to form an
image, the method comprising:

providing a hollow cylindrical drum body, provid-
ing a printed circuit board provided inside of the
drum body and exposing a terminal array;
forming a temporary structure to have a prede-
termined height corresponding to each terminal
in the array;
coating an insulating layer on an area excluding
the temporary structure;
forming a connection hole by selectively remov-
ing the temporary structure;
filling a conductive material in the connection
hole; and
forming a plurality of ring electrodes which are
circumferentially arranged in parallel with a cir-
cumferential surface of the drum body to pass
through the conductive material.

2. The method of claim 1, wherein the filling of the con-
ductive material comprises: applying a conductive
material over the connection hole, selectively polish-
ing the conductive material and removing the same
to leave the conductive material in the connection
hole.

3. The method of claim 1 or 2, wherein the coating of
the insulating layer comprises:

coating the insulating layer on the exposed sur-
face of the printed circuit board including the
temporary structure; and
externally exposing the temporary structure by
polishing the insulating layer.

4. The method of any preceding claim, wherein the tem-
porary structure is a fixing device which is fixed on
the terminals of the array with a certain height.

5. The method of any preceding claim, wherein the pro-
viding of the printed circuit board further comprises
stacking a plurality of sheets of printed circuit boards,
wherein terminals of the array formed on one sheet
of printed circuit board and other terminals of the
array formed on another sheet of printed circuit board
adjacent to the one sheet of printed circuit board are
provided to have a certain pitch.

6. The method of any preceding claim, wherein the pro-
viding of the printed circuit board further comprises
processing the exposed surface of the drum body
and the printed circuit board by lathing after the bond-
ing.

7. The method of any preceding claim, wherein the
forming of the plurality of ring electrodes further com-
prises coating an insulating layer on the plurality of
ring electrodes.

8. The method of any preceding claim, wherein the pro-
viding of the drum body further comprises forming a
hollow in the drum body, wherein a mounting hole
passes through the hollow to provide the printed cir-
cuit board in the hollow.

9. A method of manufacturing an image drum for se-
lectively adsorbing a toner thereon so as to form an
image, the method comprising:

providing a hollow cylindrical drum body, provid-
ing a printed circuit board inside of the drum
body, and exposing a terminal array;
dotting a bead formed of a hydrophobic material
on the terminal array;
coating an insulating layer on the exposed sur-
face of the printed circuit board excluding the
bead;
forming a connection hole by selectively remov-
ing the bead;
filling a conductive material in the connection
hole; and
forming a plurality of ring electrodes which are
circumferentially arranged in parallel with a cir-
cumferential surface of the drum body to pass
through the conductive material.

10. The method of claim 9, wherein the coating of the
insulating layer comprises:

coating the insulating layer on the exposed sur-
face of the printed circuit board including the
bead; and
externally exposing the bead by removing the
insulating layer.

11. The method of claim 9 or 10, wherein the forming of
the connection hole further comprises:

externally exposing the bead by polishing the
insulating layer; and
removing the bead by etching the same.

12. The method of any of claims 9 to 11, wherein the
filling of the conductive material comprises:

coating the conductive material on the exposed
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surface of the printed circuit board including the
connection hole; and
selectively polishing the conductive material to
leave the conductive material in the connection
hole.

13. The method of any of claims 9 to 12, wherein the
bead is formed of a hydrophobic material.

14. The method of any of claims 9 to 13, wherein the
bead is formed of any one of a polydimethylsiloxane,
a hydrophobic oil, and a hydrophobic wax, or a com-
bination thereof.

15. The method of any of claims 9 to 14, wherein the
coating of the insulating layer comprises:

hardening the dotted bead; and
coating the insulating layer over the bead.

16. The method of any of claims 9 to 15, wherein the
forming of the plurality of ring electrodes further com-
prises coating the insulating layer on the plurality of
ring electrodes.

17. The method of any of claims 9 to 16, wherein the
insulating layer is formed of parylene.

18. An image drum for selectively adsorbing a toner ther-
eon, so as to form an image, the image drum com-
prising:

a cylindrical drum body including a mounting
hole in a longitudinal direction, and a plurality of
ring electrodes which are arranged in parallel
with each other on its circumferential surface
and electrically insulated from each other;
a printed circuit board, including a control chip
for respectively applying voltage to the plurality
of ring electrodes, bonded to the mounting hole
to externally expose a plurality of terminals mak-
ing contact with the control chip; and
a connecting part which connects each terminal
of the plurality of terminals and each ring elec-
trode of the plurality of ring electrodes respec-
tively, the connecting part comprising insulating
layer provided in a connection hole, wherein the
connection hole is in a sphere shape or in a por-
tion thereof and formed radially on the terminal.

19. The image drum of claim 18, wherein the printed
circuit board comprises a stacked plurality of sheets
of printed circuit boards, wherein terminals of the plu-
rality of terminals formed on one sheet of printed
circuit board and other terminals of the plurality of
terminals formed on another sheet of printed circuit
board adjacent to the one sheet of printed circuit
board have a certain pitch.

20. The image drum of claim 18 or 19, further comprising
an insulating layer coated on the plurality of ring elec-
trodes.

21. The image drum of any of claims 18 to 20, wherein
the drum body further comprises a hollow formed in
the drum body, wherein the mounting hole passes
through the hollow to provide the printed circuit board
in the hollow.

22. A method of manufacturing an image drum for se-
lectively adsorbing a toner thereon so as to form an
image, the method comprising:

providing a cylindrical drum body including a
mounting hole in a longitudinal direction;
bonding a printed circuit board, including a con-
trol chip for applying voltage, to the mounting
hole to externally expose a plurality of terminals
contacting with the control chip;
forming a conductive bump to have a predeter-
mined height on the plurality of terminals;
coating the exposed surface of the printed circuit
board excluding the conductive bump, to form
an insulating layer; and
forming a plurality of ring electrodes which are
circumferentially arranged in parallel with a cir-
cumferential surface of the drum body and the
printed circuit board to pass through the conduc-
tive bump.

23. The method of claim 22, wherein the coating of the
exposed surface comprises:

coating the exposed surface of the printed circuit
board, including the conductive bump, to form
the insulating layer; and
externally exposing the conductive bump by re-
moving a portion of the insulating layer.

24. The method of claim 22, wherein the coating of the
exposed surface comprises:

coating the insulating layer to have a thickness
less than a height of the conductive bump; and
removing the conductive bump and the insulat-
ing layer to have a certain height.

25. The method of any of claims 22 to 24, wherein the
conductive bump is formed of any one of gold, silver,
copper, nickel, tin, lead, and indium, or formed of an
alloy thereof.

26. The method of any of claims 22 to 25, wherein the
forming of the plurality of ring electrodes further com-
prises coating an insulating layer on the plurality ring
electrodes.
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27. An image drum for selectively adsorbing a toner ther-
eon so as to form an image, the image drum com-
prising:

a cylindrical drum body including a mounting
hole in a longitudinal direction, and a plurality of
ring electrodes which are arranged in parallel
with each other on its circumferential surface
and electrically insulated from each other;
a printed circuit board, including a control chip
for respectively applying voltage to the plurality
of ring electrodes, bonded to the mounting hole
to externally expose a plurality of terminals con-
tacting the control chip; and
a connecting part which connects each ring elec-
trode of the plurality of ring electrodes and a con-
ductive bump, which is formed on the plurality
of terminals with an insulating layer surrounding
the conductive bump.

28. The image drum of claim 27, wherein the printed
circuit board comprises a stacked plurality of sheets
of printed circuit boards, wherein terminals of the plu-
rality of terminals formed on one sheet of printed
circuit board and other terminals of the plurality of
terminals formed on another sheet of printed circuit
board adjacent to the one sheet of printed circuit
board have a certain pitch.

29. The image drum of claim 27 or 28, wherein an insu-
lating layer is coated on the plurality of ring elec-
trodes.

30. The image drum of any of claims 27 to 29, wherein
the drum body further comprises a hollow formed in
the drum body, wherein the mounting hole passes
through the hollow to provide the printed circuit board
in the hollow.

31. A method of manufacturing an image drum for se-
lectively adsorbing a toner thereon so as to form an
image, the method comprising:

providing a cylindrical drum body including a
mounting hole in a longitudinal direction;
bonding a printed circuit board, including a con-
trol chip for applying voltage, to the mounting
hole to externally expose a terminal contacting
the control chip, wherein the printed circuit board
is protruded from a circumferential surface of
the image drum;
removing portions of the protruded printed cir-
cuit board partially, to allow only a portion of the
terminal to protrude;
coating an insulating layer on the exposed sur-
face of the printed circuit board excluding the
protruded terminal; and
forming a plurality of ring electrodes which are

circumferentially arranged in parallel with a cir-
cumferential surface of the drum body and the
printed circuit board to pass through the protrud-
ed terminal.

32. The method of claim 31, wherein, the removing of
the portions of the protruded printed circuit board
partially, portions surrounding the terminal are
etched by using an etchant.

33. The method of claim 31 or 32, wherein the coating
of the insulating layer comprises:

coating the insulating layer on the exposed sur-
face of the printed circuit board including the pro-
truded terminal; and
externally exposing the protruded terminal by re-
moving the insulating layer.

34. The method of any of claims 31 to 33, wherein the
forming of the plurality of ring electrodes further com-
prises coating the insulating layer on the plurality of
ring electrodes.

35. A method of manufacturing an image drum for se-
lectively adsorbing a toner thereon so as to form an
image, the method comprising:

providing a cylindrical drum body including a
mounting hole in a longitudinal direction;
bonding a printed circuit board, including a con-
trol chip for applying voltage, to the mounting
hole to externally expose a terminal contacting
the control chip;
coating the externally exposed printed circuit
board to form an insulating layer;
forming a connection hole in the insulating layer
by piercing the insulating layer with a piercing
tool having a sharp end, so as to externally ex-
pose the terminal;
filling a conductive material in the connection
hole;
forming a plurality of ring electrodes which are
circumferentially arranged in parallel with the ex-
posed surface of the drum body and the printed
circuit board to pass through the conductive ma-
terial.

36. The method of claim 35, wherein the filling of the
conductive material comprises:

coating the conductive material on the exposed
surface of the printed circuit board including the
connection hole; and
polishing the conductive material to leave the
conductive material in the connection hole.

37. The method of claim 35 or 36, wherein the providing
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of the printed circuit board further comprises stacking
a plurality of sheets of printed circuit boards, and a
terminal formed on one sheet of printed circuit board
and another terminal formed on another sheet of
printed circuit board adjacent to the one sheet of
printed circuit board are provided to have a certain
pitch.

38. The method of any of claims 35 to 37, wherein, in
the forming of the connection hole, the connection
hole is formed by moving the piercing tool and pierc-
ing several times, since both ends of the piercing
tool are arranged with a certain pitch and the pitch
is larger than the pitch between the terminals.

39. A method of manufacturing an image drum for se-
lectively adsorbing a toner thereon so as to form an
image, the method comprising:

providing a cylindrical drum body including a
mounting hole in a longitudinal direction;
bonding a printed circuit board, including a con-
trol chip for applying voltage, to the mounting
hole to externally expose a plurality of terminals
contacting the control chip;
fixing a fixing device on the terminal;
coating the exposed surface of the printed circuit
board so as to form an insulating layer;
forming a connection hole in the insulating layer
where the fixing device is positioned, by sepa-
rating the fixing device from the terminal;
filling a conductive material in the connection
hole; and
forming a plurality of ring electrodes, which are
circumferentially arranged in parallel with the ex-
posed surface of the drum body and the printed
circuit board, to pass through the conductive ma-
terial.

40. The method of claim 39, wherein, in the fixing of the
fixing device, the fixing device is fixed on the terminal
by using its sharpen end.

41. The method of claim 39 or 40, wherein the filling of
the connection hole comprises:

coating the conductive material on the exposed
surface of the printed circuit board; and
leaving the conductive material in the connec-
tion hole by polishing the conductive material.

42. An image drum for selectively adsorbing a toner ther-
eon so as to form an image, the image drum com-
prising:

a cylindrical drum body including a mounting
hole in a longitudinal direction;
a plurality of ring electrodes which are arranged

in parallel with each other on its circumferential
surface and electrically insulated from each oth-
er;
a printed circuit board, including a control chip
for respectively applying a voltage to ring elec-
trodes, bonded to the mounting hole to external-
ly expose a plurality of terminals contacting the
control chip; and
a connecting part which respectively connects
each terminal of the plurality of terminals and
each ring electrode of the plurality of ring elec-
trodes, the connecting part comprising an insu-
lating layer formed in the connection hole,
wherein the connection hole is in a shape of a
pyramid or a cone and formed radially on the
terminals.

43. The image drum of claim 42, wherein the connection
hole is formed by piercing the insulating layer using
a piercing tool with a sharpened end.

44. The image drum of claim 42, wherein the connection
hole is formed by initially fixing a fixing device having
a sharpened end, providing the insulating layer and
removing the fixing device.

45. The image drum of any of claims 42 to 44, wherein
the printed circuit board is formed by stacking a plu-
rality of sheets of printed circuit boards, wherein a
terminal of the plurality of terminals formed on one
sheet of printed circuit board and another terminal
of the plurality of terminals formed on another sheet
of printed circuit board adjacent to the one sheet of
printed circuit board are provided to have a certain
pitch.

46. The image drum of any of claims 42 to 45, further
comprising an insulating layer coated on the plurality
of ring electrodes.

47. The image drum of any of claims 42 to 46, wherein
the drum body further comprises a hollow formed in
the drum body, wherein the mounting hole passes
through the hollow to provide the printed circuit board
in the hollow.
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