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central electrode area, a peripheral electrode area, a

power supply unit and a control device. The size of the

central electrode areais the inscribed circle of the non-cir- 104
cular substrate, and the central electrode is arranged in /
the central electrode area. The peripheral electrode area
surrounds the central electrode area. The peripheral size
of the peripheral electrode area is the circumscribed cir-
cle ofthe non-circular substrate. The peripheral electrode
area is provided with closely arranged point electrodes,
and the point electrodesfill the peripheral electrode area.
The power supply unit supply power to the central elec-
trode and the point electrodes. The control device is con-
nected between the power supply unit, the central elec-
trode and the point electrodes and controls the on-off of
the central electrode and the point electrodes. The con-
trol device tracks the rotating position of the substrate,
so that the electrodes in the central electrode area and
the peripheral electrode area covered by the substrate
will be turned on and the electrodes not covered by the
substrate will be turned off. The present invention also
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the technical
field of semiconductor manufacturing, and more specif-
ically, relates to an electroplating process in the semi-
conductor manufacturing technology.

BACKGROUND

[0002] Mostof the traditional substrates are circle, and
most of the chips are square. When multiple square chips
are formed on a circular substrate, due to the shape mis-
match, the edge area of the substrate will inevitably be
discarded because it cannot be used. Therefore, the area
utilization rate of producing square chips on a circular
substrate is not high, and the production efficiency of the
chips is also affected to a certain extent.

[0003] With the gradual popularization of fan-out ad-
vanced packaging technology and changes in substrate
materials, the application of the square substrate is in-
creasing. The shape of the square substrate matches
the shape of the square chip better. On the different sub-
strates of the same area, the square substrate can ac-
commodate more chips than the circle substrate, and the
edge area of the square substrate can also arrange chips.
The area utilization of the square substrate is improved,
so the production efficiency of the chip is improved.
[0004] However, the problem of the mismatching
equipment followed. The current mainstream semicon-
ductor equipment is designed based on the circular sub-
strate. For electroplating equipment, the electrode is de-
signed to be circular or ring-shaped, and the substrate
is rotated to complete the plating process. The circular
or ring-shaped electrode matches the circular substrate,
and the substrate can cover all the electrode areas. For
the square substrate, the shape does not match the cir-
cular or ring-shaped electrode, and the substrate can’t
cover all the electrode areas. During the rotation of the
square substrate, the top corner of the substrate will
sweep the electrode area, and only part of electrode area
will be covered at the same time. If the electrodes remain
fully turned on, a cutting electric field at the edge of the
substrate will be formed, which will cause non-uniformity
in plating and greatly increase the height of the copper
pillars at the edge of the substrate.

SUMMARY

[0005] The present invention provides electroplating
apparatus and electroplating method for non-circular
substrate.

[0006] According to an embodiment of the present in-
vention, an electroplating apparatus for non-circular sub-
strateis proposed. The apparatusincludes a central elec-
trode area, a peripheral electrode area, a power supply
unit and a control device. The central electrode area is
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circular, and the size of the central electrode area is the
inscribed circle of the non-circular substrate. The central
electrode is arranged in the central electrode area, and
the central electrode fills the central electrode area. The
peripheral electrode area surrounds the central electrode
area. The peripheral size of the peripheral electrode area
is the circumscribed circle of the non-circular substrate.
The peripheral electrode area is provided with closely
arranged point electrodes, and the point electrodes fill
the peripheral electrode area. The power supply unit is
connected to the central electrode and the point elec-
trodes to supply power to the central electrode and the
point electrodes. The control device is connected be-
tween the power supply unit, the central electrode and
the point electrodes. The control device controls the on-
off of the central electrode and the point electrodes, and
the control device tracks the rotating position of the sub-
strate, so that the electrodes in the central electrode area
and the peripheral electrode area covered by the sub-
strate will be turned on. The electrodes not covered by
the substrate will be turned off. The electrodes are turned
on or off following the rotation of the substrate.

[0007] Inone embodiment, the central electrode is al-
ways covered by the substrate, and the point electrodes
in the peripheral electrode area covered by the substrate
are determined as follows:

Determine the position of each vertex angle of the
non-circular substrate relative to the center of the
circle;

For each vertex angle, determine the opening angle
according to the two sides that make up the vertex
angle;

Detect the rotating position of the substrate, and de-
termine the position of each vertex angle of the sub-
strate according to the rotating position of the sub-
strate. The vertex angles are located on the outer
circumference of the peripheral electrode area;

Taking each vertexangle as the origin, the projection
area in the peripheral electrode area is determined
according to the opening angle of each vertex angle.
The point electrodes falling in the projection area are
the point electrodes covered by the substrate.

[0008] Inone embodiment, the control device includes
an angel sensor, a projection simulator and a switching
device. The angle sensor is used to track the rotation
angle of the substrate. The projection simulator deter-
mines the position of each vertex angle according to the
rotation angle of the substrate, and the projection area
in the peripheral electrode area is determined according
to the vertex angle and the opening angle. The switching
device is connected between the point electrodes in the
peripheral and the power supply unit. The switching de-
vice turns on the point electrodes currently in the projec-
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tion area, and turns off the point electrodes currently not
in the projection area.

[0009] In one embodiment, the central electrode can
be one of the following:

A single circular electrode that fills the central elec-
trode area; or

Several block electrodes, which are combined to
form a circle and fill the central electrode area.

[0010] Severalring electrodes, which are combined to
form a circle and fill the central electrode area.

[0011] In one embodiment, there are several periph-
eral electrode areas, and the several peripheral electrode
areas are concentric rings. The several peripheral elec-
trode areas start from the central electrode area and cir-
cle outward in turn, wherein the size of the outermost
peripheral electrode area is the circumscribed circle of
the non-circular substrate.

[0012] Inone embodiment, power supply unit compris-
es a central power supply and several peripheral power
supplies. The central power supply supplies power to the
central electrode, and each peripheral power supply sup-
plies power to the point electrodes in the corresponding
peripheral electrode area respectively. Each peripheral
electrode area has its own peripheral power supply and
switching device.

[0013] Inone embodiment, power supply unit compris-
es a central power supply for a central electrode and a
peripheral power supply for the point electrodes in all
peripheral electrode areas. Each peripheral electrode ar-
ea has its own switching device, but all the peripheral
electrode areas share the same peripheral power supply.
[0014] In one embodiment, a power supply supplies
power to the central electrode and the point electrodes
in all peripheral electrode areas at the same time. Each
peripheral electrode area has its own switching device,
but the central electrode and all the peripheral electrode
areas share the same power supply.

[0015] In one embodiment, there peripheral electrode
areas are sequentially arranged around the central elec-
trode area. The point electrode can be circular, square,
hexagonal or arc-shaped.

[0016] In one embodiment, the non-circular substrate
is square substrate, and the four vertex angles of the
square substrate are located on the outer circumference
of the outermost peripheral electrode area. The opening
angle of each vertexangle is 90 degrees, and the opening
angle of each vertex angle is symmetrical to the diameter
of circle. Or the non-circular substrate is a rectangular
substrate, and the four vertex angles of the rectangular
substrate are located on the outer circumference of the
outermost peripheral electrode area. The opening angle
of each vertexangle is 90 degrees, and the opening angle
of each vertex angle is asymmetrical with respect to the
diameter of the circle.

[0017] According to an embodiment of the present in-
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vention, a method for electroplating a non-circular sub-
strate is proposed, including:

[0018] Divide the electrode area. Divide the electrode
area into a central electrode area and a peripheral elec-
trode area. The central electrode area is circular, and the
size of the central electrode is the inscribed circle of the
non-circular substrate. The central electrode is set in the
central electrode area, the central electrode is filled the
central electrode area. The peripheral electrode area sur-
rounds the central electrode area. The peripheral size of
the peripheral electrode area is the circumscribed circle
of the non-circular substrate. A close arrangement of
point electrodes is arranged in the peripheral electrode
area, and the point electrodes fill the peripheral electrode
area.

[0019] Track the rotation of the substrate and track the
rotating position of the substrate.

[0020] Control the on-off of the electrodes. The power
supply unit is connected to the central electrode and the
point electrodes through the control device to supply
power to the central electrode and the point electrodes.
The control device controls the on-off of the central elec-
trode and the point electrodes. According to the rotating
position of the substrate, the control device turns on the
electrodes in the area covered by the substrate in the
central electrode area and the peripheral electrode area,
and the electrodes in the area not covered by the sub-
strate are turned off. The electrodes are turned on or off
following the rotation of the substrate.

[0021] In one embodiment, the central electrode is al-
ways covered by the substrate, and the point electrodes
covered by the substrate in the peripheral electrode area
are determined as follows:

Determine the position of each vertex angle of the non-
circular substrate relative to the center of the circle.

[0022] For each vertex angle, determine the opening
angle according to the two sides that make up the vertex
angle.

[0023] Detecting the rotating position of the substrate,

and determining the position of each vertex angle of the
substrate according to the rotating position. All the vertex
angles are located on the outer circumference of the pe-
ripheral electrode area.

[0024] Taking each vertex angle as the origin, the pro-
jection area in the peripheral electrode area is deter-
mined according to the opening angle of each vertex an-
gle. The point electrodes falling in the projection area are
the point electrodes covered by the substrate.

[0025] In one embodiment, control device means:

Track the rotating angle of the substrate through an
angle sensor;

Use a projection simulator to determine the position
of each vertex angle according to the rotating angle
of the substrate, and determine the projection area
in the peripheral electrode area according to the po-
sition and opening angle of the vertex angles.
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[0026] Control the on-off of the point electrodes
through the switching device connected between the
point electrodes in the peripheral electrode area and the
power supply unit. The switching device turns on the point
electrodes currently in the projection area and turns off
the point electrodes currently not in the projection area.
[0027] In one embodiment, the central electrode can
be one of the following:

A single circular electrode that fills the central elec-
trode area; or

Several block electrodes, which are combined to
form a circle and fill the central electrode area.

Several ring electrodes, which are combined to form
a circle and fill the central electrode area.

[0028] In one embodiment, there are several periph-
eral electrode areas, and the several peripheral electrode
areas are concentric rings. The several peripheral elec-
trode areas begin from the central electrode area and
circle outward in turn, wherein the size of the outermost
peripheral electrode area is the circumscribed circle of
the non-circular substrate.

[0029] Inone embodiment, power supply unit compris-
es a central power supply and several peripheral power
supplies. The central power supply supplies power to the
central electrode, and each peripheral power supply sup-
plies power to the point electrodes in the corresponding
peripheral electrode area respectively. Each peripheral
electrode area has its own peripheral power supply and
switching device.

[0030] Inoneembodiment, power supply unit compris-
es a central power supply for a central electrode and a
peripheral power supply for the point electrodes in all
peripheral electrode areas. Each peripheral electrode ar-
ea has its own switching device, but all the peripheral
electrode areas share the same peripheral power supply.
[0031] In one embodiment, a power supply supplies
power to the central electrode and the point electrodes
in all peripheral electrode areas at the same time. Each
peripheral electrode area has its own switching device,
but the central electrode and all the peripheral electrode
areas share the same power supply.

[0032] In one embodiment, there peripheral electrode
areas are sequentially arranged around the central elec-
trode area. The point electrode can be circular, square,
hexagonal or arc-shaped.

[0033] In one embodiment, the non-circular substrate
is square, the four vertex angles of the square substrate
are located on the outer circumference of the outermost
peripheral electrode area. The opening angle of each
vertex angle is 90 degrees, and the opening angle of
each vertex angle is symmetrical to the diameter of circle.
Or the non-circular substrate is a rectangular substrate,
and the four vertex angles of the rectangular substrate
are located on the outer circumference of the outermost
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peripheral electrode area. The opening angle of each
vertex angle is 90 degrees, and the opening angle of
each vertex angle is asymmetrical with respect to the
diameter of the circle.

[0034] The electroplating apparatus and electroplating
method for non-circular substrate of the presentinvention
can be used for electroplating the substrate whose shape
is square, rectangle, etc. Following the rotation of the
substrate, the electrodes in the area covered by the sub-
strate will be turned on, and the electrodes in the uncov-
ered area will be turned off. The whole substrate can be
under the uniform electric field intensity, and the situation
of substrate cutting electric field will be avoided to ensure
the uniformity of the electroplating on the substrate, es-
pecially in the edge area of the substrate.

BRIEF DESCRIPTION OF DRAWINGS
[0035]

FIG. 1a illustrates a structural view of an electroplat-
ing apparatus for a non-circular substrate according
to an embodiment of the present invention.

FIG. 1b and 1c illustrate the different forms of the
central electrode in an electroplating apparatus for
anon-circular substrate according to an embodiment
of the present invention.

FIG. 2a and 2b illustrate a schematic diagram of the
change of coverage area when a square substrate
is rotated on the electroplating apparatus of the
present invention.

FIG. 3 illustrates a schematic diagram of the deter-
mine method of the point electrodes covered by the
substrate in the peripheral electrode area when the
square substrate is rotated on the electroplating ap-
paratus of the present invention.

FIG. 4 illustrates a schematic diagram of the deter-
mine method of the point electrodes covered by the
substrate in the peripheral electrode area when the
rectangular substrate is rotated on the electroplating
apparatus of the present invention.

FIG. 5a illustrates a schematic diagram of a first ar-
rangement of a power supply unit and a control de-
vice of an electroplating apparatus for a non-circular
substrate according to an embodiment of the present
invention.

FIG. 5b illustrates a schematic diagram of a second
arrangement of a power supply unit and a control
device of an electroplating apparatus for a non-cir-
cular substrate according to an embodiment of the
present invention.
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FIG. 5c illustrates a schematic diagram of a third
arrangement of a power supply unit and a control
device of an electroplating apparatus for a non-cir-
cular substrate according to an embodiment of the
present invention.

FIG. 5d illustrates a schematic diagram of a fourth
arrangement of a power supply unit and a control
device of an electroplating apparatus for a non-cir-
cular substrate according to an embodiment of the
present invention .

FIG. 6 illustrates the flowchart of an electroplating
method for a non-circular substrate according to an
embodiment of the present invention.

DETAILED DESCRIPTION

[0036] Referto FIG.1a as shown, FIG. 1a illustrates a
structural view of an electroplating apparatus for a non-
circular substrate according to an embodiment of the
present invention. The electroplating apparatus for non-
circular substrate includes a central electrode area101,
several peripheral electrode areas, a power supply
unit103 and a control device104.

[0037] The central electrode area101 is circular, and
the size of the central electrode area101 is the inscribed
circle of the non-circular substrate. A common shape of
the non-circular substrate is square or rectangular. The
central electrode area101 is an inscribed circle of the
square of rectangle. If the non-circular substrate is other
shape, the central electrode area101 is also an inscribed
circle of the non-circular substrate. A central electrode is
disposed in the central electrode area101 and fills the
central electrode area101. Because the central electrode
fills the entire central electrode area, in this paper and
the accompanying drawings, reference symbol 101 rep-
resents both the central electrode area and the central
electrode. Although the central electrode fills the entire
central electrode area, the central electrode also has a
variety of configurations. In the embodiment shown in
Figure 1a, the central electrode is a single circular elec-
trode that fills the central electrode area. In the following
detailed description, all the description is mainly based
on the embodiment illustrated in FIG.1a that the central
electrode configured as a single circular electrode. In oth-
er embodiments, the central electrode also has other
configurations. For example, it is configured as several
block electrodes, and the combination of several block
electrodes forms a circle and fills the central electrode
area. FIG. 1b and 1c illustrate the different forms of the
central electrode in an electroplating apparatus fora non-
circular substrate according to an embodiment of the
present invention. In the embodiment illustrated in FIG.
3b, several fan-shaped block electrodes are combined
to form the central electrode101. In the embodiment il-
lustrated in FIG.3c, several concentric annular elec-
trodes are combined to form the central electrode101.

10

15

20

25

30

35

40

45

50

55

Configuring the central electrode in the forms of a com-
bination of several block electrodes can make the control
of the central electrode more flexible.

[0038] The peripheral electrode area surrounds the
central electrode area, and the peripheral size of the pe-
ripheral electrode area is the circumscribed circle of the
non-circular substrate. Closely arranged point electrodes
are arranged in the peripheral electrode area, and the
point electrodes fill the peripheral electrode area. In the
embodiment shown in FIG. 1a, there are several periph-
eral electrode areas, and the several peripheral electrode
areas are in a concentric-ring shape. The several periph-
eral electrode areas start from the central electrode
area101 and circle outward in turn, wherein the size of
the outermost peripheral electrode area is the circum-
scribed circle of the non-circular substrate. Similarly, a
common shape of a non-circular substrate is square or
rectangular, and the outermost peripheral electrode area
is the circumscribed circle of the square or rectangle. If
the non-circular substrate is other shape, the outermost
peripheral electrode areais also the circumscribed circle
of the non-circular substrate. In the illustrated embodi-
ment, three peripheral electrode areas are arranged
around the central electrode area in turn, namely, a first
peripheral electrode area121, a second peripheral elec-
trode area122 and a third peripheral electrode area123.
The outermost peripheral electrode area is the third pe-
ripheral electrode area 123, which is the circumscribed
circle of the non-circular substrate. In the illustrated em-
bodiment, the widths of the three peripheral electrode
areas 121,122 and 123 are equal. In other embodiments,
the widths of the first peripheral electrode area121, the
second peripheral electrode area122 and the third pe-
ripheral electrode area123 can be unequal. Closely ar-
ranged point electrodes102 are arranged in the periph-
eral electrode area. The point electrodes102 are evenly
distributed and fill the peripheral electrode area. The
three peripheral electrode areas are all arranged with
closely arranged point electrodes102. The point
electrodes102 are evenly distributed and fill the three pe-
ripheral electrode areas. The point electrodes102 can be
circular, square, hexagonal or arc-shaped. In the illus-
trated embodiment, the point electrodes102 are circular
electrodes arranged closely next to each other and fill
the entire peripheral electrode area. If the point elec-
trodes are round, square or arc-shaped, there will be
gaps between the point electrodes due to the shape. If
the point electrodes are hexagonal and arranged in a
honeycomb pattern, the gap between the point elec-
trodes can be small or no gap. The peripheral electrode
area can also be divided into other numbers or only a
single annular peripheral electrode area can be arranged
around the central electrode area. Because the periph-
eral electrode area is filled with point electrodes, whether
the peripheral electrode area is divided or how many ar-
eas itis divided into does not affect the working process
of the point electrodes. For the convenience of control
and expression, the peripheral electrode area is usually
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divided into three annular areas in this embodiment, and
subsequent descriptions in this paper will use this con-
figuration as an example for illustration.

[0039] The power supply unit103 is connected to the
central electrode101 and the point electrodes102 to sup-
ply power to the central electrode101 and the point
electrodes102.

[0040] The control device 104 is connected between
the power supply unit103, the center electrode101 and
the point electrodes102 and controls the on-off of the
center electrode101 and the point electrodes102. The
control device 104 tracks the rotating position of the sub-
strate such that the electrodes in the central electrode
area and the peripheral electrode area covered by the
substrate are turned on and the electrodes uncovered
by the substrate are turned off. The electrodes are turned
on or off following the rotation of the substrate.

[0041] FIG. 2a and 2b illustrate a schematic diagram
of the change of coverage area when a square substrate
is rotated on the electroplating apparatus of the present
invention. FIG.2a shows the state of the square substrate
in the electroplating device at time t1, and FIG.2b shows
the state of the square substrate in the electroplating de-
vice at time t2 after the square substrate is rotated. Refer
to FIG. 2a and 2b as shown, the central electrode 101 is
always covered by the substrate 200 because the central
electrode101 is an internal circle of the square substrate
200. The first peripheral electrode area121, the second
peripheral electrode area122 and the third peripheral
electrode area123 are only covered by the four vertex
angles of the substrate 200, wherein the outermost third
peripheral electrode area123 is the circumscribed circle
of the square substrate 200, so the square substrate200
will not exceed the range of the electroplating apparatus.
As shown in FIG.2a and FIG.2b, the point electrodes102
marked by textured stripes in the three peripheral elec-
trode areas are the point electrodes not covered by the
substrate200, and the point electrodes102 represented
by solid black are the point electrodes102 covered by the
substrate 200. At different times t1 and t2, due to the
rotation of the substrate, the point electrodes covered by
the substrate are different. In one embodiment, the fol-
lowing method is used to determine which point elec-
trodes in several peripheral electrode areas are currently
covered by the substrate. The process can be referred
to as FIG.3, which illustrates a schematic diagram of the
determine method of the point electrodes covered by the
substrate in the peripheral electrode area when the
square substrate is rotated on the electroplating appara-
tus of the present invention.

[0042] As shownin FIG.3, taking square substrate200
as an example, the point electrodes covered by the sub-
strate in the peripheral electrode area are determined as
follows:

[0043] For the square substrate200, the diameter of
the central electrode area101 is equal to the side length
of the square, so the central electrode area101 is an in-
scribed circle of the square substrate 200. The diameter
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of the outermost third peripheral electrode area123 is
equal to the length of the diagonal of the square, so the
third peripheral electrode area is a circumscribed circle
of the square substrate200.

[0044] Determine the position of each vertex angle of
the non-circular substrate relative to the center of the
circle at first. The center of the circle here is the common
center of the concentric central electrode area101, the
first peripheral electrode area121, the second peripheral
electrode area122 and the third peripheral electrode
area123. The square substrate 200 has four vertex an-
gles.

[0045] For each vertex angle, the opening angle is de-
termined from the two sides that make up the angle. For
the square substrate200, the two sides that make up each
vertex angle are two sides perpendicular to each other,
so the opening angle of each vertex angle is 90 degrees.
The four vertex angles of the square substrate200 are
located on the outer circumference of the outermost pe-
ripheral electrode area. The opening angle of each vertex
angle is 90 degrees, and the opening angle of each vertex
angle is symmetrical with respect to the diameter of the
circle.

[0046] Detecttherotating position of the substrate, and
the position of each vertex angle of the substrate is de-
termined by the rotation position. The vertex angles are
located on the outer circumference of the outermost pe-
ripheral electrode area. According to the rotation angle
of the substrate, the angular position of the four angles
of the substrate can be calculated. Take FIG.3 as an
example to illustrate. The upward direction of each cir-
cular electrode area can be determined as the initial po-
sition, thatis, the position of 0 degrees. The positive angle
can be set in a clockwise direction along the circumfer-
ence. After one week of cycling, 360 degrees coincide
with 0 degrees. A certain vertex angle of the square
substrate200 is determined as the reference vertex an-
gle, and the angle difference between the other three
angles and the reference vertex angle is 90 degrees, 180
degrees and 270 degrees. The detection of the rotation
position of the substrate is to detect the deviation be-
tween the reference vertex angle and the 0 degrees po-
sition. For example, the reference vertex angle is 0 de-
grees in the initial position, and the remaining three an-
gles can be calculated to be 90 degrees, 180 degrees,
and 270 degrees. During the rotation of the substrate, if
the reference vertex angle is detected to turn to 30 de-
grees, then the positions of remaining three angles can
be calculated in turn that at the position of 120 degrees,
210 degrees and 300 degrees.

[0047] Taking each vertex angle as a starting point,
the projection area in each peripheral electrode area is
determined according to the opening angle of each vertex
angle, and the point electrodes falling in the projection
area are the point electrodes covered by the substrate.
After the position of each vertex angle is determined, the
two sides are extended with the opening angle of each
vertex angle is 90 degrees, and the projected area cov-
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ered by the substrate can be delimit in the three periph-
eral electrode areas. The point electrodes located in the
projected area are the point electrodes covered by the
substrate. For the identification of point electrodes, a
numbering method can be used to determine which point
electrodes located in the projection area covered by the
substrate.

[0048] FIG.4 illustrates a schematic diagram of the de-
termine method of the point electrodes covered by the
substrate in the peripheral electrode area when the rec-
tangular substrate is rotated on the electroplating appa-
ratus of the present invention. As shown in FIG.4, taking
rectangular substrate300 as an example, the point elec-
trodes covered by the substrate in the peripheral elec-
trode area are determined as follows:

[0049] For the rectangular substrate 300, the diameter
of the central electrode area101 is equal to the length of
the short side of the rectangle, so the central electrode
area101 is an inscribed circle of the rectangular
substrate300. The diameter of the outermost third pe-
ripheral electrode area123 is equal to the length of the
diagonal of the rectangle, so the third peripheral elec-
trode area is a circumscribed circle of the rectangular
substrate300.

[0050] Determine the position of each vertex angle of
the non-circular substrate relative to the center of the
circle at first. The center of the circle here is the common
center of the concentric central electrode area101, the
first peripheral electrode area121, the second peripheral
electrode area122 and the third peripheral electrode
area123. The rectangular substrate 300 has four vertex
angles.

[0051] For each vertex angle, the opening angle is de-
termined from the two sides that make up the angle. For
the rectangular substrate 300, the two sides that make
up each vertex angle are two sides perpendicular to each
other, so the opening angle of each vertex angle is 90
degrees. The four vertex angles of the rectangular sub-
strate 300 are located on the outer circumference of the
outermost peripheral electrode area. The opening angle
of each vertexangle is 90 degrees, and the opening angle
of each vertex angle is asymmetrical with respect to the
diameter of the circle. If each vertex angle is connected
to the center of the circle, it will be found that the opening
angle of the vertex angle is smaller near the long side
and larger near the short side, which is not symmetrical
distributed with respect to the diameter.

[0052] Detectthe rotating position of the substrate, and
the position of each vertex angle of the substrate is de-
termined by the rotation position. The vertex angles are
located on the outer circumference of the outermost pe-
ripheral electrode area. According to the rotation angle
of the substrate, the angular position of the four angles
of the substrate can be calculated. Take FIG.4 as an
example to illustrate. The upward direction of each cir-
cular electrode area can be determined as the initial po-
sition, thatis, the position of 0 degrees. The positive angle
can be set in a clockwise direction along the circumfer-
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ence. After one week of cycling, 360 degrees coincide
with 0 degrees. A certain vertex angle of the rectangular
substrate 300 is determined as the reference vertex an-
gle, and there are angle differences between the other
three angles and the reference vertex angle. The angle
differences between the remaining three angles of the
rectangular substrate and the reference vertex angle is
not equidistant. For example, the second vertex angle
differs from the reference vertex angle by 60 degrees,
the third vertex angle differs from the reference vertex
angle by 180 degrees, and the fourth vertex angle differs
from the reference vertex angle by 240 degrees. The
detection of the rotation position of the substrate is to
detect the deviation between the reference vertex angle
and the 0 degrees position. For example, the reference
vertex angle is 0 degrees in the initial position, and the
remaining three angles can be calculated to be 60 de-
grees, 180degrees, and 240 degrees. During the rotation
of the substrate, if the reference vertex angle is detected
to turn to 30 degrees, then the positions of remaining
three angles can be calculated in turn that at the position
of 90 degrees, 210 degrees and 270 degrees.

[0053] Taking each vertex angle as a starting point,
the projection area in each peripheral electrode area is
determined according to the opening angle of each vertex
angle, and the point electrodes falling in the projection
area are the point electrodes covered by the substrate.
Atfter the position of each vertex angle is determined, the
two sides are extended with the opening angle of each
vertex angle is 90 degrees, and the projected area cov-
ered by the substrate can be delimit in the three periph-
eral electrode areas. The point electrodes located in the
projected area are the point electrodes covered by the
substrate. For the identification of point electrodes, a
numbering method can be used to determine which point
electrodes located in the projection area covered by the
substrate. Comparing FIG.4 and FIG.3, it can be seen
that the position of the projection area is also different
under the same substrate angle due to the different
shapes of the substrate.

[0054] Referring back to FIG. 1, in order to implement
the above process, the control device 104 includes an
angle sensor141, a projection simulator142 and a switch-
ing device143. The angle sensor141 tracks the rotation
angle of the substrate. According to the rotation angle of
the substrate determined by the angle sensor141, the
angle of the reference vertex angle can be determined
and the angles of the remaining three angles can be cal-
culated accordingly. The projection simulator142 deter-
mines the position of each vertex angle according to the
rotation angle of the substrate, and determines the pro-
jection area in each peripheral electrode area according
to each vertex angle and its opening angle. The projection
simulator142 determines the projection area in each pe-
ripheral electrode area according to the position and
opening angle of each vertex and determines which point
electrodes are in the projection area and covered by the
substrate sequentially. The switching device 143 is con-
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nected between the point electrodes102 in the peripheral
electrode area and the power supply unit103. The switch-
ing device143 turns on the point electrodes 102 currently
in the projection area, and turns off the point electrodes
102 not in the projection area.

[0055] Indifferentembodiments, the power supply unit
and the control device, mainly the switching device in the
control device, have different configuration modes. FIG.
5a to FIG.5c¢ reveal three different configuration modes.
[0056] First reference Figure5a, which illustrates a
schematic diagram of a first arrangement of a power sup-
ply unit and a control device of an electroplating appara-
tus for a non-circular substrate according to an embodi-
ment of the present invention. In the first configuration
mode, the power supply unit103 comprises a central area
power supply131 and several peripheral area power sup-
plies including a first peripheral area power supply132,
a second peripheral area power supply 133 and a third
peripheral area power supply 134 in the illustrated em-
bodiment. The central area power supply 131 supplies
power to the central electrode 101, and the power supply
in each peripheral area supplies power to the point elec-
trodes in its corresponding peripheral electrode area.
Specifically, the first peripheral area power supply 132
supplies power to the point electrodes in the first periph-
eral electrode area121, the second peripheral area pow-
er supply133 supplies power to the point electrodes in
the second peripheral electrode area122, and the third
peripheral area power supply134 supplies power to the
pointelectrodes in the third peripheral electrode area123.
The switching device143 is respectively connected to the
first peripheral area power supply132, the second pe-
ripheral area power supply133 and the third peripheral
area power supply134. There are several switching com-
ponents in the switching device 143, and the relation be-
tween the switching components and the point electrodes
is one-to-one correspondence. In the illustrated embod-
iment, the switching components of the switching
device143 are divided into three parts corresponding to
the point electrodes in the first peripheral electrode
area121, the second peripheral electrode area122 and
the third peripheral electrode area123 respectively. In
this way, each peripheral electrode area has its own pe-
ripheral area power supply and switching device. In the
first configuration mode, the central electrode area and
the peripheral electrode area have independent power
supply and switch. Inthe illustrated embodiment, the cen-
tral electrode is directly connected to the central area
power supply without switching device. Since the center
electrode is always covered by the substrate that it is
always in the conduction state during the electroplating
process, so it can be controlled directly by the main power
supply. There is no need to add a separate power supply.
[0057] FIG.5billustrates a schematic diagram of a sec-
ond arrangement of a power supply unit and a control
device of an electroplating apparatus for a non-circular
substrate according to an embodiment of the present in-
vention. In the second configuration mode, the power
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supply unit 103 includes a central area power supply 131
and a peripheral area power supply 135. The central area
power supply 131 supplies power to the central electrode
101, and the peripheral area power supply135 supplies
power to all point electrodes in the peripheral electrode
area. In other words, the first peripheral electrode
areal121, the second peripheral electrode area122 and
the third peripheral electrode area123 are all powered
by the peripheral area power supply135. The switching
device143 is connected to the peripheral area power
supply135. There are several switching components in
the switching device143, and the relation between the
switching components and the point electrodes is one-
to-one correspondence. In the illustrated embodiment,
the switching components of the switching device 143
are divided into three parts corresponding to the point
electrodes in the first peripheral electrode area121, the
second peripheral electrode area122 and the third pe-
ripheral electrode area123 respectively. In the second
configuration mode, each peripheral electrode area has
its own switching device and shares the same peripheral
area power supply. Similar to FIG.5a, the center elec-
trode is directly connected to the central area power sup-
ply without a switching device in the embodiment illus-
trated in FIG.5b.

[0058] FIG.5cillustrates aschematic diagram of a third
arrangement of a power supply unit and a control device
of an electroplating apparatus for a non-circular substrate
according to an embodiment of the present invention. In
the third configuration mode, the power supply unit103
supplies power to the central electrode and all point elec-
trodes in the peripheral electrode area at the same time.
The central electrode area101, the first peripheral elec-
trode area121, the second peripheral electrode area122
and the third peripheral electrode area123 are powered
by the same power supply. The switching device143 is
connected tothe power supply unit103. There are several
switching components in the switching device143, and
the relation between the switching components and the
point electrodes is one-to-one correspondence. In the
illustrated embodiment, the switching components of the
switching device 143 are divided into three parts corre-
sponding to the point electrodes in the first peripheral
electrode area121, the second peripheral electrode
area122 and the third peripheral electrode area123 re-
spectively. In the third configuration mode, each periph-
eral electrode area has its own switching device and
shares the same peripheral area power supply. Similar
to the previousiillustration, the center electrode is directly
connected to the central area power supply without a
switching device in the embodiment illustrated in FIG.5c¢.
[0059] The three different configuration modes re-
vealed in FIG.5a to FIG.5¢c mainly focus on the control
relationship between the central area and peripheral
electrode area. As described above, the central electrode
area can be configured not only as a single circular elec-
trode, but also as several block electrodes. When the
centralelectrode areais configured as several block elec-



15 EP 4 361 321 A1 16

trodes, the block electrodes are combined to form the
central electrode area, and a group of switching compo-
nents will also be added to the central electrode area.
FIG. 5d illustrates a schematic diagram of a fourth ar-
rangement of a power supply unit and a control device
of an electroplating apparatus for a non-circular substrate
according to an embodiment of the present invention.
The fourth configuration mode is mainly for the central
electrode area. The different between the fourth config-
uration mode shown in FIG.5d and the first configuration
mode shown in Figure 5a is that the central electrode is
composed of two concentric annular electrodes in the
fourth configuration mode. Therefore, the central area
power supply also includes two parts that 131aand 131b,
and two groups of switching components that 143a and
143b are added between the central area power supply
and the central electrode. The two parts of the central
area power supply and the two groups of switching com-
ponents respectively control the two electrodes that
make up the central electrode. In the illustrated embod-
iment, one of the parts 131a of the central area power
supply and the switching components143a control the
electrode of the inner ring which is a circular electrode.
Another part131b of the central power supply and the
switching component143b control the electrode of the
outer circle which is a ring electrode. The circular elec-
trode and the ring electrode form the central electrode.
The switching components 143a and 143b for controlling
the central electrode are part of the switching device143
and are also included in the switching device. In the em-
bodiment shown in FIG.5b and FIG.5c, the central elec-
trode can also be configured with a number of block elec-
trodes and added a switching component to the central
electrode area. Separate central area power supply and
switching components for different areas of the central
electrode can better control the working state of the cen-
tral electrode.

[0060] The present invention also discloses an elec-
troplating method for a non-circular substrate, which can
also be understood as the working process of the above-
mentioned electroplating apparatus for a non-circular
substrate. FIG. 6 illustrates the flowchart of an electro-
plating method for a non-circular substrate according to
an embodiment of the present invention. As shown in
FIG.6, the electroplating method for a non-circular sub-
strate comprises the following steps:

[0061] S1:Divide the electrode area. The electrode ar-
eaisdividedinto acentral electrode area and a peripheral
electrode area. The central electrode area is circular, and
the size of the central electrode areais the inscribed circle
of the non-circular substrate. A central electrode is ar-
ranged in the central electrode area, and the central elec-
trode fills the central electrode area. The peripheral elec-
trode area surrounds the central electrode area, and the
peripheral size of the peripheral electrode area is the
circumscribed circle of the non-circular substrate. Close-
ly arranged point electrodes are arranged in the periph-
eral electrode area, and the point electrodes fill the pe-
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ripheral electrode area. The central electrode can be con-
figured as a single circular electrode, several block elec-
trodes or several ring electrodes. A single circular elec-
trode alone fills the central electrode area. Several block
electrodes are combined to form a circle and fill the cen-
tral electrode area. Several ring electrodes are combined
to form a circle and fill the central electrode area. In one
embodiment, there are several peripheral electrode ar-
eas, and the several peripheral electrode areas are con-
centricrings. The several peripheral electrode areas start
from the central electrode area and surround outwards
sequentially, wherein the size of the outermost peripheral
electrode area is the circumscribed circle of the non-cir-
cular substrate. Closely arranged point electrodes are
arranged in the peripheral electrode area, and the point
electrodes evenly distributed and fill the peripheral elec-
trode area. In one embodiment, three peripheral elec-
trode areas are sequentially arranged around the central
electrode area, and the widths of the three peripheral
electrode areas are equal. The point electrode can be
circular, square, hexagonal or arc-shaped.

[0062] S2: Track the rotation of the substrate and track
the rotating position of the substrate.

[0063] S3: Control the on-off of the electrodes. The
power supply unit is connected to the central electrode
and the point electrodes through the control device to
supply power to the central electrode and the point elec-
trodes. The control device controls the on-off of the cen-
tral electrode and the point electrodes. According to the
rotating position of the substrate, the control device turns
on the electrodes in the area covered by the substrate in
the central electrode area and the peripheral electrode
area, and the electrodes in the area not covered by the
substrate are turned off. The electrodes are turned on or
off following the rotation of the substrate.

[0064] Wherein, the central electrode is always cov-
ered by the substrate, and the point electrodes covered
by the substrate in the peripheral electrode area are de-
termined as follows:

Determine the position of each vertex angle of the non-
circular substrate relative to the center of the circle.
[0065] For each vertex angle, determine the opening
angle according to the two sides that make up the vertex
angle. In one embodiment, the non-circular substrate is
a square substrate, and the four angles of the square
substrate are located on the outer circumference of the
outermost peripheral electrode area. The opening angle
of each angle is 90 degrees, and the opening angle of
each vertex angle is symmetrical with respect to the di-
ameter of the circle. In another embodiment, the non-
circular substrate is a rectangular substrate, and the four
angles of the rectangular substrate are located on the
outer circumference of the outermost peripheral elec-
trode area. The opening angle of each angle is 90 de-
grees, and the opening angle of each vertex angle is
asymmetrical with respect to the diameter of the circle.
[0066] Detecttherotating position of the substrate, and
determine the position of each vertex angle of the sub-
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strate according to the rotating position of the substrate.
The vertex angles are located on the outer circumference
of the peripheral electrode area.

[0067] Taking each vertex angle as the origin, the pro-
jection area in the peripheral electrode area is deter-
mined according to the opening angle of each vertex an-
gle. The point electrodes falling in the projection area are
the point electrodes covered by the substrate.

[0068] The control device determines the point elec-
trodes covered by the substrate in the peripheral elec-
trode area through the following components:

Track the rotation angle of the substrate through the
angle sensor;

Use a projection simulator to determine the position
of each vertex angle according to the rotating angle
of the substrate, and determine the projection area
in the peripheral electrode area according to the po-
sition and opening angle of the vertex angles;

Control the on-off of the point electrodes through the
switching device connected between the point elec-
trodes in the peripheral electrode area and the power
supply unit. The switching device turns on the point
electrodes currently in the projection area and turns
off the point electrodes currently notin the projection
area.

[0069] The power supply unit and control device can
be configured in the following three configurations:

The power supply unit comprises a central power
supply and several peripheral power supplies. The
central power supply supplies power to the central
electrode, and each peripheral power supply sup-
plies power to the point electrodes in the correspond-
ing peripheral electrode area respectively. Each pe-
ripheral electrode area has its own peripheral power
supply and switching device; or

The power supply unit comprises a central power
supply for a central electrode and a peripheral power
supply for the point electrodes in all peripheral elec-
trode areas. Each peripheral electrode area has its
own switching device, but all the peripheral electrode
areas share the same peripheral power supply; or

A power supply supplies power to the central elec-
trode and the point electrodes in all peripheral elec-
trode areas at the same time. Each peripheral elec-
trode area has its own switching device, but the cen-
tral electrode and all the peripheral electrode areas
share the same power supply.

[0070] Theimplementation details of the electroplating
method for non-circular substrates correspond to the
electroplating apparatus for non-circular substrates men-
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tioned above. For details, please refer to the above de-
scription of the electroplating apparatus for the non-cir-
cular substrate.

[0071] The electroplating apparatus and electroplating
method for non-circular substrates of the present inven-
tion can electroplate substrates with shapes such as
square, rectangular, etc. Following the rotation of the
substrates, the electrodes in the areas covered by the
substrates are turned on, and the electrodes in the un-
covered areas are turned off. It can make the whole sub-
strate under the uniform electric field intensity and avoid
the occurrence of substrate cutting electric field, so as to
ensure the uniformity of electroplating on the substrate,
especially the edge area of the substrate.

[0072] It should also be noted that the above-men-
tioned embodiments are only specific embodiments of
the present invention. Obviously, the present invention
is not limited to the above embodiments. The subsequent
similar changes or deformations that can be directly de-
rived or easily associated by those of skill in the art from
the contents disclosed in the invention shall fall within
the scope of protection of the invention. The embodi-
ments are provided to those of skill in the art to realize
or use the invention, and those of skill in the art may make
various modifications or changes to the embodiments
without deviating from the invention idea of the invention.
Therefore, the scope of protection of the invention is not
limited by the said embodiments, but should be in line
with the maximum scope of innovative features men-
tioned in the claims.

Claims

1. An electroplating apparatus for non-circular sub-
strate, comprising:

a circular central electrode area configured with
a central electrode filling the entire center elec-
trode area which size is an inscribed circle of
the non-circular substrate;

a peripheral electrode area configured with a
close arrangement of point electrodes filling the
peripheral electrode area which peripheral size
is the circumscribed circle of the non-circular
substrate surrounding the central electrode ar-
ea;

a power supply unit being connected to the cen-
tral electrode and the point electrodes to supply
power to the central electrode and the pointelec-
trodes; and

a control device being connected between the
power supply unit, the central electrode and the
point electrodes for controlling the on-off of the
central electrode and the point electrodes,
wherein the control device tracks the rotating
position of the substrate so that the electrodes
in the central electrode area and the peripheral



19 EP 4 361 321 A1

electrode area covered by the substrate will be
turned on and the electrodes not covered by the
substrate will be turned off.

An electroplating apparatus for non-circular sub-
strate as claimedin claim 1, wherein the central elec-
trode is always covered by the substrate, the point
electrodes in the peripheral electrode area covered
by the substrate being determined as follows:

determining the position of each vertex angle of
the non-circular substrate relative to the center
of the circle;

determining the opening angle of each vertex
angle according to the two sides that make up
the vertex angle;

detecting the rotating position of the substrate,
determining the position of each vertex angle of
the substrate according to the rotating position
of the substrate, wherein the vertex angles are
located on the outer circumference of the pe-
ripheral electrode area;

taking each vertex angle as the origin, determin-
ing the projection area in the peripheral elec-
trode area according to the opening angle of
each vertex angle, the point electrodes falling in
the projection area being the point electrodes
covered by the substrate.

3. An electroplating apparatus for non-circular sub-

strate as claimed in claim 2, wherein the controlling
device includes:

an angle sensor configured to track the rotation
angle of the substrate;

a projection simulator configured to determine
the position of each vertex angle according to
the rotation angle of the substrate and determine
the projection area according to the opening an-
gle of each vertex angle;

a switching device connected between the point
electrodes in the peripheral area and the power
supply unit configured to turn on the point elec-
trodes currently in the projection area and turn
off the point electrodes currently not in the pro-
jection area.

4. An electroplating apparatus for non-circular sub-

strate as claimedin claim 1, wherein the central elec-
trode is:

a single circular electrode filling the central elec-
trode area; or

several block electrodes combined to form a cir-
cle and filling the central electrode area; or
severalring electrodes combined to form a circle
and filling the central electrode area.
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An electroplating apparatus for non-circular sub-
strate as claimed in claim 4, wherein there are sev-
eral concentric-ring shape peripheral electrode are-
as starting from the central electrode area and cir-
cling outward in turn, the outermost peripheral elec-
trode area size of which is the circumscribed circle
of the non-circular substrate.

An electroplating apparatus for non-circular sub-
strate as claimed in claim 5, wherein the power sup-
ply unit comprises a central power supply supplies
power to the central electrode and several peripheral
power supplies supply power to the point electrodes
in the corresponding peripheral electrode area re-
spectively, each peripheral electrode area config-
ured with its own peripheral power supply and
switching device.

An electroplating apparatus for non-circular sub-
strate as claimed in claim 5, wherein the power sup-
ply unit comprises a central power supply supplies
power to the central electrode and a peripheral pow-
er supply supplies power to the point electrodes in
all peripheral electrode areas, each peripheral elec-
trode area configured with its own peripheral power
supply and sharing the same switching device.

An electroplating apparatus for non-circular sub-
strate as claimed in claim 5, wherein the power sup-
ply unit supplies power to the central electrode and
the point electrodes in all peripheral electrode areas,
each peripheral electrode area configured with its
own switching device, all peripheral electrode areas
and the central electrode sharing the same power
supply unit.

An electroplating apparatus for non-circular sub-
strate as claimed in claim 5, wherein three peripheral
electrode areas are arranged sequentially around
the central electrode area, the shape of the point
electrode configured to circular, square, hexagonal
or arc-shaped.

An electroplating apparatus for non-circular sub-
strate as claimed in claim 9, wherein the non-circular
substrate is:

a square substrate which four vertex angles are
located on the outer circumference of the outer-
most peripheral electrode area that the opening
angle of each vertex angle is 90 degrees and
the opening angle of each vertex angle is sym-
metrical to the diameter of circle; or

a rectangle substrate four vertex angles are lo-
cated on the outer circumference of the outer-
most peripheral electrode area that the opening
angle of each vertex angle is 90 degrees and
the opening angle of each vertex angle is asym-
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metrical to the diameter of circle.

11. An electroplating method for non-circular substrate,

including:

the projection area being the point electrodes
covered by the substrate.

as claimedin claim 12, wherein the controlling device
configured as following:

tracking the rotation angle of the substrate

5 through an angle sensor;
dividing the electrode area into a circular central determining the position of each vertex angle
electrode area configured with a central elec- according to the rotation angle of the substrate
trode filling the central electrode area which size through a projection simulator and determining
is the inscribed circle of the non-circular sub- the projection area according to the opening an-
strate and a peripheral electrode area config- 70 gle of each vertex angle;
ured with a close arrangement of point elec- controlling the on-off of the point electrodes that
trodes filling the peripheral electrode area which turn on the point electrodes currently in the pro-
peripheral size is the circumscribed circle of the jection area and turn off the point electrodes cur-
non-circular substrate surrounding the central rently notin the projection area through a switch-
electrode area. 15 ing device connected between the point elec-
tracking the rotation of the substrate and track- trodes in the peripheral area and the power sup-
ing the rotating position of the substrate. ply unit.
controlling the on-off of the electrodes, the pow-
er supply unit connected to the central electrode 14. An electroplating method for non-circular substrate
and the point electrodes through the control de- 20 as claimed in claim 11, wherein the central electrode
vice configured to control the on-off of the central is:
electrode and the point electrodes to supply
power to the central electrode and the pointelec- a single circular electrode filling the central elec-
trodes, wherein the control device turns on the trode area; or
electrodes in the area covered by the substrate 25 several block electrodes combined to form a cir-
and turns off the electrodes in the area not cov- cle and filling the central electrode area; or
ered by the substrate in the central electrode severalring electrodes combined to form a circle
area and the peripheral electrode area accord- and filling the central electrode area.
ing to the rotating position of the substrate so
that the electrodes are turned on or off following 30  15. An electroplating method for non-circular substrate
the rotation of the substrate. as claimed in claim 11, wherein there are several
concentric-ring shape peripheral electrode areas
12. An electroplating method for non-circular substrate starting from the central electrode area and circling
as claimed in claim 11, wherein the central electrode outward in turn, the outermost peripheral electrode
is always covered by the substrate, the point elec- 35 area size of which is the circumscribed circle of the
trodes in the peripheral electrode area covered by non-circular substrate.
the substrate being determined as follows:

16. An electroplating method for non-circular substrate
determining the position of each vertex angle of as claimed in claim 15, wherein the power supply
the non-circular substrate relative to the center 40 unit comprises a central power supply supplies pow-
of the circle; er to the central electrode and several peripheral
determining the opening angle of each vertex power supplies supply power to the point electrodes
angle according to the two sides that make up in the corresponding peripheral electrode area re-
the vertex angle; spectively, each peripheral electrode area config-
detecting the rotating position of the substrate, 45 ured with its own peripheral power supply and
determining the position of each vertex angle of switching device.
the substrate according to the rotating position
of the substrate, wherein the vertex angles are 17. An electroplating method for non-circular substrate
located on the outer circumference of the pe- as claimed in claim 15, wherein the power supply
ripheral electrode area; 50 unit comprises a central power supply supplies pow-
taking each vertex angle as the origin, determin- er to the central electrode and a peripheral power
ing the projection area in the peripheral elec- supply supplies power to the point electrodes in all
trode area according to the opening angle of peripheral electrode areas, each peripheral elec-
each vertex angle, the point electrodes falling in trode area configured with its own peripheral power

55

supply and sharing the same switching device.

18. An electroplating method for non-circular substrate

13. An electroplating method for non-circular substrate as claimed in claim 15, wherein the power supply

12
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unit supplies power to the central electrode and the
point electrodes in all peripheral electrode areas,
each peripheral electrode area configured with its
own switching device, all peripheral electrode areas
and the central electrode sharing the same power
supply unit.

An electroplating method for non-circular substrate
as claimedin claim 15, wherein three peripheral elec-
trode areas are arranged sequentially around the
central electrode area, the shape of the point elec-
trode configured to circular, square, hexagonal or
arc-shaped.

An electroplating method for non-circular substrate
as claimedin claim 19, wherein the non-circular sub-
strate is:

a square substrate which four vertex angles are
located on the outer circumference of the outer-
most peripheral electrode area that the opening
angle of each vertex angle is 90 degrees and
the opening angle of each vertex angle is sym-
metrical to the diameter of circle; or

a rectangle substrate four vertex angles are lo-
cated on the outer circumference of the outer-
most peripheral electrode area that the opening
angle of each vertex angle is 90 degrees and
the opening angle of each vertex angle is asym-
metrical to the diameter of circle.
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