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(54) A NEW TYPE OF CATHODE ELECTRODE STRUCTURE FOR ELECTROPLATING EQUIPMENT

(57) A cathode electrode structure for a single-sided
or double-sided horizontal type electroplating equipment
is provided, which includes a conductive shaft connected
to an electric source. A soft and flexible conductive layer
tubular in shape is sheathed on the conductive shaft and
the two ends of the conductive layer are provided with
conductive terminals directly contacting the conductive
shaft respectively, wherein the outer surface of the con-
ductive layer forms a cathode electrically contacting an

object to be plated and a cavity is formed between the
inner surface of the conductive layer and the conductive
shaft. A buffer cushion layer is disposed inside the cavity,
and the outer surface and the inner surface of the buffer
cushion layer press against the conductive shaft and the
conductive layer. The new electrode structure can avoid
that the fragile objects to be damaged due to clip type
cathodes during electroplating process and increase the
service life of the cathode.
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Description

BACKGROUND OF THE INVENTION

1. Field of the invention

[0001] The present invention relates to an electroplat-
ing technique, in particular to an a cathode electrode
structure of a single-sided or double-sided horizontal type
electroplating equipment applicable for semiconductor
chips, printed circuit boards and photovoltaic cells.

2. Description of the prior art

[0002] With expansion and swift development of the
semiconductor industry, the printed circuit board industry
and the photovoltaic cell industry and the governments
of many countries adjust their policies. For the reason,
the linewidths of semiconductor chips, printed circuit
boards and photovoltaic cells are required to be thinner,
and the costs thereof are also required to be lower. Thus,
the objectives of many technologies are aimed to reduce
the complexity and use the materials which can be con-
veniently obtained to achieve development.
[0003] Taking the photovoltaic cell industry as an ex-
ample, the currently available photovoltaic cells adopt
low-cost metals to replace some or all silver paste. When
producing the photovoltaic cells, the cost of the silver
paste is more than 25% of the total cost of the production
process. It is obvious that using the low-cost metals to
replace some or all silver paste is very important for re-
ducing the cost of the production of the photovoltaic cells.
[0004] More specifically, using copper, to replace the
expensive silver past is a great idea. However, the copper
ions would easily diffuse into the crystalline silicon in high
temperature, so the service life of the crystalline silicon
would decrease accordingly and the photoelectric con-
version efficiency of the crystalline silicon photovoltaic
cells would also decrease. Accordingly. Thus, it is nec-
essary to deposit the copper on the surfaces of the crys-
talline silicon photovoltaic cells in low temperature in or-
der to produce the reliable conductive electrodes of the
crystalline silicon photovoltaic cells.
[0005] There are two approaches to produce the elec-
trodes of the crystalline silicon photovoltaic cells by de-
positing the copper on the surfaces of the crystalline sil-
icon photovoltaic cells in low temperature during the pro-
duction process. One approach is low-temperature phys-
ical deposition method, and the other approaches chem-
ical deposition method. The low-temperature physical
deposition method is based on sputtering and the short-
coming thereof is that this method cannot selectively de-
posit the metals without masks; besides, this method also
needs expensive lithography equipment, which signifi-
cantly increase the production cost. Thus, this method
cannot achieve the objective of cost reduction.
[0006] The chemical deposition method is based on
electroplating process. Compared with the physical dep-

osition method, the electroplating process is simpler and
can selectively deposit the metals. Therefore, the pro-
duction cost of the electroplating process can be very
low, so the cost of the production of the crystalline silicon
photovoltaic cells can be considerably reduced. Accord-
ingly, using the electroplating process to deposit the met-
als on the crystalline silicon photovoltaic cells is a popular
development field for now.
[0007] Regarding the designs of the currently available
single-sided or double-sided horizontal type electroplat-
ing equipment for printed circuit boards, photovoltaic
cells and semiconductor chips, the cathodes of these
equipment usually adopt hard conductive metal materials
because there is no proper elastic conductive material.
However, the objects to be plated are usually fragile, so
tend to be crushed during the production process, which
is not good for mass production. By the way, part of the
cathodes of these equipment can also adopt elastic con-
ductive fiber materials which are made by doping metal
powders or graphite powders into non-conductive fibers,
so the shortcoming of this method is that the electric con-
ductivity of the elastic conductive fiber materials is insuf-
ficient. For the reason, the elastic conductive fiber mate-
rials cannot bear the large current passing through during
the electroplating process and the electric conductivity
thereof would also decrease in a short time because the
conductive powders drop off or the materials corroded
by the electroplating solution. The present invention pro-
vides a conductive cathode to perform the single-sided
or double-sided horizontal electroplating process so as
to solve the aforementioned problem.
[0008] As set forth above, the currently available elec-
troplating equipment for horizontal electroplating are
usually designed to use a hard metal rolling rod to serve
as the cathode. Thus, during the rolling step of the elec-
troplating process, the objects to be plated (e.g. photo-
voltaic cells and semiconductor chips) tend to be
crushed. Another shortcoming is that the cathode rolling
rod made of hard materials cannot properly and stably
contact the object to be plated. In fact, the cathode rolling
rod keeps jumping up and down over the surface of the
object to be plated, so many electric arcs may be gener-
ated during the electroplating process. The electric arcs
would damage the object to be plated or break through
the object to be plated, which would influence the quality
of the products.

SUMMARY OF THE INVENTION

[0009] So as to overcome the shortcomings of prior
art, the present invention provides an electrode structure
of a single-sided or double-sided horizontal type electro-
plating equipment applicable for semiconductor chips,
printed circuit boards and photovoltaic cells, which can
effectively avoid that the object to be plated is crushed
during the electroplating process, increase the service
life of the cathode, and make sure that the electrical con-
tact between the cathode and the object to be plated is
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proper and stable. Besides, large current is allowed to
pass through the electrode structure during the electro-
plating process, which can prevent from the generation
of the electric arcs in order to increase the operational
speed of the equipment and produce high-quality prod-
ucts in mass production.
[0010] To achieve the foregoing objective, the present
invention provides a new electrode structure for a single-
sided or double-sided horizontal or vertical type electro-
plating equipment, which includes a conductive shaft
connected to an electric source. A soft and flexible con-
ductive layer tubular in shape is sheathed on the con-
ductive shaft and the two ends of the conductive layer
are provided with conductive terminals directly contact-
ing the conductive shaft respectively. The outer surface
of the conductive layer forms a cathode electrically con-
tacting an object to be plated and a cavity is formed be-
tween the inner surface of the conductive layer and the
conductive shaft. The buffer cushion layer is disposed
inside the cavity, and the outer surface and the inner
surface of the buffer layer press against the conductive
shaft and the conductive layer.
[0011] The advantages of the present invention are as
follows:
Via the conductive terminals contacting the conductive
shaft, the electrical connection between the conductive
layer and the electric source is realized, such that the
cathode, needed by the electroplating process, can be
formed on the outer surface, for pressing the object to
be plated by rolling, of the conductive layer. The buffer
cushion layer disposed inside the cavity can provide flex-
ible support for the cathode contacting the object to be
plated in order to maintain the proper flexible and soft
pressing contact between the cathode and the object to
be plated, which can further prevent from fire electrical
arcing or sparks generated and finally increasing the yield
rate of the manufacturing by the electroplating process.
[0012] In a preferred embodiment of the present inven-
tion, the buffer cushion layer is made of an elastic mate-
rial, and the elastic material is plastics or rubber.
[0013] In a preferred embodiment of the present inven-
tion, the diameter of the conductive shaft is 1mm-100mm
and the length of the conductive shaft is 1mm-5000mm.
[0014] In a preferred embodiment of the present inven-
tion, the soft and flexible conductive layer is made of con-
ductive fibers and the diameter of each of the conductive
fibers is 0.005∼100um.
[0015] In a preferred embodiment of the present inven-
tion, the conductive fibers are made of one or more ma-
terials selecting from the group consisting of stainless
steel, nickel, titanium, tungsten, graphite and metal alloy.
[0016] In a preferred embodiment of the present inven-
tion, the cathode is a full contact without clip or chucking
point structure.
[0017] The present invention is applicable to single-
sided or double-sided horizontal or vertical type electro-
plating equipment for semiconductor chips, printed circuit
boards and photovoltaic cells. The electroplating equip-

ment include the above electrode.
[0018] Taking the photovoltaic cell industry and semi-
conductor chip manufacturing industry as examples, the
advantages of the single-sided or double-sided horizon-
tal type electroplating equipment in accordance with the
present invention are that when the single-sided or dou-
ble-sided horizontal type electroplating equipment for
manufacturing semiconductor chips and photovoltaic
cells adopt the cathode, the object to be plated will not
be damaged by the cathode, and the proper flexible and
soft pressing contact between the cathode and the object
to be plated can be maintained in order to improve the
uniformity of the electroplating effect and increase the
yield rate of the products manufactured by the electro-
plating process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] For a better understanding of the aforemen-
tioned embodiments of the invention as well as additional
embodiments thereof, reference should be made to the
Description of Embodiments below, in conjunction with
the following drawings in which like reference numerals
refer to corresponding parts throughout the figures.

Fig. 1 is the schematic view of the 3D structure of
the improved electrode structure in accordance with
one embodiment of the present invention.
Fig. 2 is the front view of the improved electrode
structure in accordance with one embodiment of the
present invention.
Fig. 3 is the sectional view of the improved electrode
structure in accordance with one embodiment of the
present invention.
Fig. 4 is the schematic view of the 3D structure of
the single-sided or double-sided horizontal type
electroplating equipment in accordance with one
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0020] The following description is about embodiments
of the present invention; however it is not intended to limit
the scope of the present invention.
[0021] Please refer to Fig. 1 ∼ Fig. 3, which show an
electrode structure of a single-side or double-sided hor-
izontal type electroplating equipment; the electrode
structure includes a conductive shaft 1 connected to an
electric source. A tubular conductive layer 2 is sheathed
on the conductive shaft 1. An application example of the
conductive shaft 1 and the conductive layer 2 is as shown
in Fig.3; the conductive shaft 1 with the conductive layer
2 are installed on a currently available single-sided or
double-sided horizontal type electroplating equipment 4.
The electroplating equipment 4 is loaded with an object
to be plated 5 and move the object to be plated to pass
through the working area. The upper side and the lower
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side of the working area are provided with the electro-
plating solution containers 6 respectively. The electro-
plating solution is dripped or poured on one surface or
two surfaces of the object to be plated 5. The surface of
the object to be plated 5, close to the electroplating so-
lution container 6, serves as an anode and the surface,
contacting the object to be plated 5 and on the both side
of the electroplating solution container 6, of conductive
layer 2 of the present invention serves as a cathode, such
that the object to be plated 5 can electrically connect the
anode to the cathode in order to perform the single-sided
or double-sided electroplating process.
[0022] The present invention is characterized in that
the conductive layer 2 is sheathed on the conductive shaft
2, as shown in Fig. 1∼Fig. 3. The two ends of the con-
ductive layer 2 are provided with conductive terminals 21
directly contacting the conductive shaft 1 respectively.
The outer surface of the conductive layer 2 forms the
cathode electrically contacting an objected to be plated
5 and a cavity 22 is formed between the inner surface of
the conductive layer 2 and the conductive shaft 1. The
buffer layer 3 is disposed inside the cavity 22, and the
outer surface and the inner surface of the buffer layer 3
press against the conductive shaft 1 and the conductive
layer 2.
[0023] Via the conductive terminals 21 contacting the
conductive shaft 1, the electrical connection between the
conductive layer 2 and the electric source is realized,
such that the cathode, needed by the electroplating proc-
ess, can be formed on the outer surface, for pressing the
object to be plated 5 by rolling, of the conductive layer 2.
The buffer layer 3 disposed inside the cavity 22 can pro-
vide flexible support for the cathode contacting the object
to be plated 5 in order to maintain the proper flexible and
soft pressing contact between the cathode and the object
to be plated 5, which can prevent from damaging the
fragile objects and can further prevent from fire electrical
sparks generated because the object to be plated 5 is
damaged by the currently available cathode for the pur-
pose of increasing the yield rate of the products manu-
factured by the electroplating process.
[0024] In the embodiment, the buffer layer 3 can be
made of an elastic material material. The elastic material
may be any one of PP, PE, PVC, PU and PO.
[0025] In the embodiment, the diameter of the conduc-
tive shaft 1 is 1mm-100mm and the length of the conduc-
tive shaft 1 is 1mm-5000mm.
[0026] In the embodiment, the conductive layer 2 may
adopt conductive fibers and the conductive fibers are
made of one or more materials selecting from the group
consisting of stainless steel, nickel, titanium, tungsten,
graphite and copper alloy.
[0027] Via the conductive layer 2 and the buffer layer
2, a full contact without clips or chucking point structure
is formed between the cathode and the object to be plated
5 in the embodiment. The key point of implementing a
common electroplating process is that the object to be
plated 5 should contact the cations and the negative elec-

trode (cathode) at the same time, and the metal grid lines
needed by the object to be plated 5 (e.g. a semiconductor
chip, a printed circuit board or a photovoltaic cell) can
obtain electrons from the surface, contacting the cath-
ode, of the object to be plated 5. Then, the metal cations
in the electroplating solution can be plated on the object
surface. However, all of the currently available electro-
plating equipment implement the electroplating process
by using clips as a cathode to contact object surface; this
design tends to make the semiconductor chip or the frag-
ile photovoltaic cells be damaged due to high clamping
forces on plating objects. This design also has the short-
comings that the plated patterns on object surface having
low uniformity, and it needs to have the clamping pads
design on the plating patterns. However, as the electrode
structure of the embodiment includes the conductive lay-
er 2 (the conductive fibers) and the buffer layer 3, the
object to be plated 5 can pass through the cathode with-
out clips during the electroplating process, and a firmly
soft and good contact between the conductive layer 2
and the object to be plated 5, a semiconductor chip or a
photovoltaic cell, can be formed, which not only can main-
tain great electroplating uniformity, but also can avoid
that the fragile objects are damaged.
[0028] The single-sided or double-sided horizontal
type electroplating equipment 4 of the present invention
for manufacturing photovoltaic cells includes the above
electrode. The electroplating equipment 4 adopts the
aforementioned cathode, which not only can make sure
that the object to be plated 5 processed by the electro-
plating equipment 5 will not be damaged because being
clamped by the cathode, but also can make sure that the
object 5 to be plated can have great and stable conduc-
tive flexible contact in order to increase the yield rate of
the products manufactured by the electroplating process.
[0029] The above disclosure is related to the detailed
technical contents and inventive features thereof. Those
skilled in the art may proceed with a variety of modifica-
tions and replacements based on the disclosures and
suggestions of the invention as described without depart-
ing from the characteristics thereof. Nevertheless, al-
though such modifications and replacements are not fully
disclosed in the above descriptions, they have substan-
tially been covered in the following claims as appended.

Claims

1. An electrode structure for a single-sided or double-
sided horizontal type electroplating equipment, com-
prising a conductive shaft connected to an electric
source, characterized in that wherein a soft and
flexible conductive layer tubular in shape is sheathed
on the conductive shaft and two ends of the conduc-
tive layer are provided with conductive terminals di-
rectly contacting the conductive shaft respectively,
wherein an outer surface of the conductive layer
forms a cathode electrically contacting an object to

5 6 



EP 3 929 333 A1

5

5

10

15

20

25

30

35

40

45

50

55

be plated and a cavity is formed between an inner
surface of the conductive layer and the conductive
shaft, wherein a buffer cushion layer is disposed in-
side the cavity, and an outer surface and an inner
surface of the buffer layer press against the conduc-
tive shaft and the conductive layer.

2. The electrode structure for a single-sided or double-
sided horizontal type electroplating equipment of
claim 1, wherein the buffer cushion layer is made of
an elastic material, and the elastic material can be
plastics, sponges or rubbers.

3. The electrode structure for a single-sided or double-
sided horizontal or vertical type electroplating equip-
ment of claim 1, wherein a diameter of the conductive
shaft is 1mm-100mm and a length of the conductive
shaft is 1mm-5000mm.

4. The electrode structure for a single-sided or double-
sided horizontal type electroplating equipment of any
of claims 1 to 4, wherein the conductive layer is made
of conductive fibers and a diameter of each of the
conductive fibers is 0.005um-100um, wherein a
length of each of external fibers connected to the
conductive fibers is 0mm-1000mm.

5. The electrode structure for a single-sided or double-
sided horizontal type electroplating equipment of
claim 5, wherein the conductive fibers are made of
one or more materials selecting from a group con-
sisting of stainless steel, nickel, titanium, tungsten,
graphite and metal alloy.

6. The electrode structure for a single-sided or double-
sided horizontal type electroplating equipment of
claim 5, wherein the cathode is a full contact without
clips design or chucking point structure.
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