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Description

Technical Field

[0001] The present invention relates to a plating meth-
od and apparatus for plating an object, and particularly
to a plating method and apparatus for forming a plating
film in the wiring channels and plugs formed in a substrate
such as a semiconductor wafer or opening portions in
the resist formed on the surface of the substrate.

Background Art

[0002] Fig. 1 shows the construction of a conventional
plating apparatus. As shown in the drawing, the plating
apparatus includes a plating bath 100. The plating bath
100 is provided with a main body 101 accommodating a
plating solution Q2 and a collecting vessel 102 for col-
lecting the plating solution Q2 that overflows from the
main body 101. A pump 103 transfers the plating solution
Q2 collected in the collecting vessel 102 to a temperature
regulator 104. The temperature regulator 104 regulates
the plating solution Q2 to a predetermined temperature
appropriate for plating. A filter 105 is provided for remov-
ing particles and the like from the plating solution Q2 as
the solution is supplied to the main body 101. A flow meter
106 is provided for measuring the circulating flow of the
plating solution.
[0003] With the construction described above, a sub-
strate W such as a semiconductor wafer is retained in a
retainer 108 within the main body 101, while an anode
107 is disposed also in the main body 101 and opposing
the substrate W. A power source 109 supplies an elec-
trical current between the substrate W and the anode
107 in order to plate the substrate W. When performing
electroless plating, the plating bath 100 is not provided
with the power source 109 or the anode 107. The plating
process includes immersing the substrate W into the plat-
ing solution Q2.
[0004] When forming a plating film in fine channels or
plugs for wiring formed in the substrate W or in opening
portions of resist having poor wettability, sometimes the
plating solution or preprocess solution cannot enter these
fine openings, leaving air bubbles in the same. These
bubbles can cause defects or omissions in the plating
film.
[0005] In order to prevent such defects or omissions
in the plating, an surface active agent has been added
to the plating solution in conventional methods with the
aim of lowering the surface tension of the plating solution
to allow plating solution to enter the fine channels and
plugs of the substrate and opening portions in the resist.
However, lowering the surface tension of the plating so-
lution increases the tendency of air bubbles to generate
on the surface of the solution during circulation. Further,
adding new surface active agent to the plating solution
causes abnormalities to occur in the plating deposition
and increases the amount of organic matter taken in by

the plating film. Hence, this method can have an adverse
effect on the properties of the plating film.
[0006] US-A-3,623,962 discloses a structure for use
in a continuous-strip electro-tin-plating operation, in par-
ticular for reducing sludging by reduction of gas dissolu-
tion in the electrolyte. The structure comprises plating-
cell means for holding an electrolytic solution which is
exposed to ambient atmosphere in the plating-cell
means, the electrolytic solution being subject to sludge
formation responsive to dissolved oxygen, strip handling
means for introduction of continuous strip to the plating-
cell means and delivery from the plating-cell means,
means for replenishing electrolytic solution in the plating-
cell means including solution collection means for receiv-
ing electrolytic solution from the plating-cell means, de-
aerating means at subatmospheric pressure for receiving
electrolytic solution collected from the plating-cell means
and for removing gas dissolved in such electrolytic solu-
tion, and conduit means connecting the deaerating
means to the plating-cell means for delivery of deaerated
electrolytic solution to the plating-cell means and for pre-
venting contact of the electrolytic solution with ambient
air.
[0007] To make it possible to certainly collect gas and
mist generated by electrolysis, by arranging an article to
be treated and an opposed elecrode to the upper stage
part in an air-tight chamber of which the lower end part
is immersed in an electrolyte storage tank to reduce the
pressure of said air-tight chamber and raising the liquid
level of an electrolyte to perform electrolytic treatment,
JP 60 046399 A suggests that the open lower end part
of an air-tight electrolytic chamber is deeply immersed in
the electrolyte in an electrolyte storage tank and an article
to be treated is arranged on the support material in the
air-tight chamber from an access window opening. In the
next step, the air-tight chamber is reduced in pressure
by an exhaust pump connected to the upper end part of
said chamber through an exhaust pipe and a mist sepa-
rator to raise the surface of the electrolyte in the air tight
chamber and the above mentioned article to be treated
and an opposed electrode are immersed in the electrolyte
to be connected to a power source through support ma-
terials. In addition, the electrolytic treatment is performed
while the electrolyte is recirculated and stirred by an ar-
ranged pipe having a pump, a filter and a temperature
control mechanism.
[0008] In view of the foregoing, it is an object of the
present invention to provide a plating method and appa-
ratus capable of introducing plating solution into the fine
channels and holes formed in a substrate without need-
ing to add an surface active agent to the plating solution
and capable of forming a high-quality plating film having
no defects or omissions.
[0009] To solve the above subject matter, there is pro-
vided a method for performing electrolytic or electroless
plating of an object using a plating solution, which com-
prises the steps as set forth in claim 1.
[0010] By deaerating the preprocessing solution, air
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bubbles existing in the fine channels and plugs formed
in the object to be plated are absorbed into the deaerated
preprocessing solution when the object is immersed
therein, thereby enabling preprocessing solution to enter
the fine channels and holes. When the object to be plated
is subsequently immersed in the plating solution, pre-
processing solution existing in the fine channels and
holes is replaced by plating solution thereby enabling
plating solution to enter the fine channels and holes and
produce a plating film without defects or omissions.
[0011] It is desirable that the concentration of dissolved
gas in either one or both of the plating solution and the
preprocessing solution be regulated between 4 ppm and
1 ppb during the plating process. A stable plating process
can be achieved by monitoring the concentration of dis-
solved gas in the plating solution passing through a plat-
ing solution circulating path or the preprocessing solution
passing through a preprocessing solution circulating
path, and by regulating the amount of dissolved gas in
the solutions based on the data obtained.

Brief Description of Drawings

[0012]

Fig. 1 shows a construction for a plating apparatus
according to the prior art;
Fig. 2 shows a construction for a plating apparatus;
Fig. 3 shows a construction for a plating apparatus
according to a first embodiment of the present inven-
tion;
Fig. 4 shows a construction for a plating apparatus
according to a variation of the first embodiment of
the present invention;
Fig. 5 shows a construction for a plating apparatus
according to a variation of the first embodiment of
the present invention;
Fig. 6 shows a construction for a plating apparatus
according to a variation of the first embodiment of
the present invention;
Fig. 7 shows a construction for a plating apparatus
according to a variation of the first embodiment of
the present invention;
Fig. 8 shows a construction for a preprocessing ap-
paratus used in the plating apparatus according to
a variation of the first embodiment of the present
invention;
Fig. 9 shows a construction for a preprocessing ap-
paratus used in the plating apparatus according to
a variation of the first embodiment of the present
invention;
Fig. 10 shows a construction for a plating apparatus
according to a variation;
Fig. 11 shows a construction for a plating apparatus
according to a variation;
Fig. 12 shows a construction for another plating ap-
paratus;
Fig. 13 shows a construction for a preprocessing ap-

paratus used in a plating apparatus, according to a
second embodiment of the present invention;
Fig. 14 shows a construction for a plating apparatus
according to a variation;
Fig. 15 shows a construction for a plating apparatus
according to a variation;
Fig. 16 shows a construction for a preprocessing ap-
paratus used in a plating apparatus, according to a
variation of the second embodiment of the present
invention;
Fig. 17 shows a construction for a plating apparatus
according to a variation;
Fig. 18 shows a construction for a plating apparatus
according to a variation;
Fig. 19 shows a construction for a preprocessing ap-
paratus used in a plating apparatus, according to a
variation of the second embodiment of the present
invention;
Fig. 20 shows a construction for a plating apparatus
according to a variation;
Fig. 21 shows a construction for still another plating
apparatus; and
Fig. 22 shows a construction for a preprocessing ap-
paratus used in a plating apparatus, according to a
third embodiment of the present invention.

Best Mode for Carrying Out the Invention

[0013] plating method and apparatus according to pre-
ferred embodiments of the present invention will be de-
scribed while referring to the accompanying drawings.
Although the object to be plated in the present embodi-
ments is a substrate such as a semiconductor wafer, the
present invention is not limited to this example. The object
of plating may be any object whose surface is formed
with fine channels or holes in which plating film can be
deposited by a plating apparatus. A first embodiment of
the present invention will be described with reference to
Figs. 3-9.
[0014] As shown in Fig. 2, a plating apparatus includes
a plating bath 30. The plating bath 30 is provided with a
main body 31 accommodating a plating solution Q2 and
a collecting vessel 32 for collecting the plating solution
Q2 that overflows from the main body 31. A pump 33
transfers the plating solution Q2 collected in the collecting
vessel 32 to a temperature regulator 34. The temperature
regulator 34 regulates the plating solution Q2 to a prede-
termined temperature appropriate for plating. A filter 35
is provided for removing particles and other contaminants
from the plating solution Q2. A deaerating membrane
module 38 is disposed to remove gas dissolved in the
plating solution Q2 as the solution is returned to the main
body 31.
[0015] Here, a path for circulating plating solution is
formed by the pump 33, temperature regulator 34, filter
35, and deaerating membrane module 38. The deaerat-
ing membrane module 38 is combined with a vacuum
pump 39 to form a deaerating apparatus for removing
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dissolved gas from the plating solution Q2 circulating
through the path. A concentration sensor 40 is provided
on the path to measure the concentration of dissolved
oxygen in the plating solution Q2. A flow meter 37 is pro-
vided for measuring the circulating flow of the plating so-
lution Q2.
[0016] With the construction described above, a sub-
strate W such as a semiconductor wafer is retained in a
retainer 15 and submersed in the plating solution Q2 in
the main body 31 and an anode 36 is also disposed in
the main body 31 opposing the substrate W. A power
source 42 supplies an electrical current between the sub-
strate W and the anode 36 in order to plate the substrate
W. Since the plating solution Q2 has been deaerated by
the deaerating apparatus formed of the deaerating mem-
brane module 38 and vacuum pump 39, air bubbles ex-
isting in the fine channels and plugs formed for wiring in
the substrate W and in the opening portions of the resist
are absorbed into the deaerated plating solution Q2,
thereby enabling the plating solution Q2 to enter the fine
channels and holes and the opening portions of the resist
and produce a plating film without defects or omissions.
[0017] By providing the deaerating apparatus on the
path in which plating solution circulates from and back
to the plating bath 30, dissolved gas in the plating solution
Q2 is removed when the plating solution Q2 that overflows
from the main body 31 and is collected by the collecting
vessel 32 passes through the deaerating membrane
module 38. Hence, dissolved oxygen is removed from
the plating solution Q2, thereby preventing reactions by
the dissolved gas and achieving a stable environment
for plating capable of restraining side reactions that can
degrade the quality of the plating solution.
[0018] In the example described above, the plating so-
lution Q2 passing through the circulating path is deaer-
ated during the plating process. However, it is also pos-
sible to monitor the concentration of the dissolved oxygen
in the plating solution based on output from the concen-
tration sensor 40 and immerse the substrate W retained
by the retainer 15 into the plating solution Q2 after the
dissolved oxygen concentration of the plating solution Q2
reaches a predetermined level, such as less than 4 ppm.
In other words, it is possible to perform the plating proc-
ess after deaerating the plating solution Q2 accommo-
dated in the plating bath 30 and after the concentration
of dissolved gas in the plating solution Q2 falls beneath
a predetermined value.
[0019] In the plating apparatus shown in Fig. 2, an elec-
trolytic plating process is performed by supplying a plat-
ing solution Q2 for electrolytic plating to the main body
31. However, it is also possible to perform an electroless
plating process by eliminating the anode 36 and power
source 42, supplying a plating solution Q2 for electroless
plating to the main body 31, and immersing the substrate
W retained by the retainer 15 into the plating solution Q2.
[0020] Figs. 3 shows a construction for a plating ap-
paratus of the present invention. As shown in the drawing,
the plating apparatus includes a preprocessing bath 10

and a plating bath 30. The preprocessing bath 10 is pro-
vided with a main body 11 accommodating a preproc-
essing solution Q1 and a collecting vessel 12 for collect-
ing the preprocessing solution Q1 that overflows from the
main body 11. A preprocessing solution source 17 stores
the preprocessing solution Q1. A deaerating apparatus
for deaerating the preprocessing solution Q1 includes a
vacuum pump 14 and a deaerating membrane module
13. A pump 16 transfers preprocessing solution Q1 from
the preprocessing solution source 17 to the deaerating
membrane module 13. The dissolved gas in the preproc-
essing solution Q1 is removed in the deaerating mem-
brane module 13, and the deaerated preprocessing so-
lution Q1 is supplied to the main body 11.
[0021] The plating bath 30 is provided with the main
body 31 accommodating the plating solution Q2 and the
collecting vessel 32 for collecting the plating solution Q2
that overflows from the main body 31. The pump 33 trans-
fers the plating solution Q2 collected in the collecting ves-
sel 32 to the temperature regulator 34. The temperature
regulator 34 regulates the plating solution Q2 to a prede-
termined temperature appropriate for plating. The filter
35 is provided for removing particles and the like from
the plating solution Q2 as the solution is supplied to the
main body 31. The flow meter 37 is provided for meas-
uring the circulating flow of the plating solution.
[0022] With the construction described above, the sub-
strate W is immersed into the preprocessing solution Q1,
allowing the preprocessing solution Q1 to enter into the
fine channels and plugs for wiring in the surface of the
substrate W and the opening portions of the resist. Ac-
cordingly, air bubbles existing in the fine channels and
plugs and in the opening portions of the resist are ab-
sorbed into the deaerated preprocessing solution, ena-
bling the preprocessing solution to enter the same.
[0023] After performing the preprocess described
above, the substrate W whose fine channels and plugs
and resist openings for wiring contain preprocessing so-
lution is immersed along with the retainer 15 into the plat-
ing solution Q2 accommodated in the main body 31. At
this time, the preprocessing solution Q1 in the fine chan-
nels and plugs and the resist openings is replaced by the
plating solution Q2. Hence, the fine channels and plugs
and the opening portions of the resist are filled with the
plating solution Q2.
[0024] When the power source 42 applies a voltage of
a predetermined value across the retainer 15 and the
anode 36, a plating current flows from the anode 36 to
the substrate W, which serves as a cathode, to form a
plating film on the substrate W. Since the plating solution
Q2 has entered and fills the inside of the fine channels
and plugs and the opening portions of the resist, a plating
film is formed without defects or omissions.
[0025] As described above, by immersing the preproc-
essed substrate W into the plating solution Q2 in the main
body 31, the preprocessing solution Q1 is introduced into
the plating solution Q2. However, if the preprocessing
solution Q1 is pure water, the solution will not have an
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adverse effect on the plating solution Q2.
[0026] With the plating apparatus shown in Fig. 3, an
electrolytic plating process is performed with the sub-
strate W retained in the retainer 15 and the anode 36
disposed in opposition to each other in the plating solution
Q2 accommodated in the main body 31. However, it is
also possible to perform an electroless plating process
by eliminating the anode 36 and power source 42, sup-
plying a plating solution Q2 for electroless plating to the
main body 31, and immersing the substrate W retained
by the retainer 15 into the plating solution Q2.
[0027] Fig. 4 shows another example construction for
a plating apparatus of the present invention. As shown
in the drawing, the plating bath 30 of the plating apparatus
includes a plating solution circulating path comprising the
pump 33, temperature regulator 34, filter 35, and the de-
aerating apparatus including the deaerating membrane
module 38 and vacuum pump 39. In other words, the
plating apparatus shown in Fig. 4 has the same plating
bath 30 and plating solution circulating path as the plating
apparatus shown in Fig. 2. The concentration sensor 40
is provided on the path to measure the concentration of
dissolved oxygen in the plating solution Q2.
[0028] As in the example described above, when the
substrate W preprocessed in the preprocessing bath 10
is immersed into the plating solution Q2, the preprocess-
ing solution Q1 that had entered the fine channels and
plugs of the substrate W and the opening portions of the
resist is replaced by the plating solution Q2. However,
since the plating solution Q2 supplied to the plating bath
30 is also deaerated, air bubbles do not accompany the
plating solution into the fine channels and plugs and the
opening portions of the resist. Accordingly, it is possible
to form a plating film without defects or omissions.
[0029] Although an electrolytic plating process is per-
formed with the plating apparatus shown in Fig. 4, it is
also possible to perform an electroless plating process
by eliminating the anode 36 and power source 42 and
supplying a plating solution Q2 for electroless plating to
the main body 31.
[0030] Fig. 5 shows another example construction for
a plating apparatus of the present invention. As shown
in the drawing, the preprocessing bath 10 of the plating
apparatus is also provided with a preprocessing solution
circulating path that includes the pump 16, a temperature
regulator 18, a filter 19, and the deaerating apparatus
comprising the deaerating membrane module 13 and
vacuum pump 14. In addition, a flow meter 22 is provided
for measuring the circulating flow of the preprocessing
solution Q1. A concentration sensor 20 is provided on
the output end of the filter 19 in the circulating path to
measure the concentration of dissolved oxygen in the
preprocessing solution Q1 circulating in the path.
[0031] By providing the deaerating apparatus compris-
ing the deaerating membrane module 13 and vacuum
pump 14 on the preprocessing solution circulating path
described above, air bubbles that are mixed with the pre-
processing solution Q1 collected by the collecting vessel

12 are removed by passing through the deaerating mem-
brane module 13. The deaerated preprocessing solution
Q1 is then supplied to the main body 11. Therefore, when
the substrate W is immersed into the preprocessing so-
lution Q1 in the main body 11, air bubbles existing in the
fine channels and plugs and in the opening portions of
the resist are absorbed into the preprocessing solution,
enabling the preprocessing solution to enter these fine
channels and plugs and the opening portions of the resist.
[0032] After being immersed in the deaerated preproc-
essing solution Q1 and undergoing a preprocess, the
substrate W is then immersed into the deaerated plating
solution Q2 in the plating bath 30. At this time, the pre-
processing solution Q1 that has penetrated into the fine
channels and plugs of the substrate W and the opening
portions of the resist is replaced by the deaerated plating
solution Q2, preventing air bubbles from entering these
channels, plugs and holes along with the plating solution
and achieving a plating film without defects or omissions.
[0033] With a plating apparatus having the construc-
tion described above, the amount of dissolved gas in the
solution is controlled by monitoring the concentration of
dissolved oxygen in the preprocessing solution Q1 and
plating solution Q2 based on output from the concentra-
tion sensor 20 and concentration sensor 40. For exam-
ple, when the concentration of dissolved oxygen in the
preprocessing solution Q1 is determined to be high based
on the output from the concentration sensor 20, the vac-
uum pump 14 is controlled to increase the vacuum of the
deaerating membrane module 13 and lower the concen-
tration of dissolved oxygen in the preprocessing solution
Q1. If the concentration of the plating solution Q2 is de-
termined to be high based on output from the concentra-
tion sensor 40, the vacuum pump 39 is controlled to raise
the vacuum of the deaerating membrane module 38 and
lower the concentration of dissolved oxygen in the plating
solution Q2. In this way, it is possible to control the amount
of dissolved gas in both the preprocessing solution Q1
and plating solution Q2 in order to achieve a stable plating
process.
[0034] An electrolytic plating process is performed in
the main body 31 of the above-described plating appa-
ratus. However, it is also possible to perform an electro-
less process by eliminating the anode 36 and power
source 42 and supplying a plating solution Q2 for elec-
troless plating to the main body 31. Further, a deaerating
apparatus comprising a deaerating membrane module
and a vacuum pump is provided both on the preprocess-
ing solution and plating solution circulating paths in the
above example. However, it is also possible to provide
this deaerating apparatus on only one of the above paths.
Further, the concentration of dissolved oxygen in both
the preprocessing solution Q1 and plating solution Q2 are
monitored and controlled using sensors provided on both
circulating paths. However it is also possible to only con-
trol the amount of dissolved gas in one of the solutions.
[0035] Fig. 6 shows another example construction for
a plating apparatus of the present invention. As shown
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in the drawing, a control unit 23 is provided in the deaer-
ating apparatus of the preprocessing bath 10 to control
the vacuum pump 14. Output from the concentration sen-
sor 20 is input into the control unit 23. A control unit 41
is provided in the deaerating apparatus of the plating bath
30 to control the vacuum pump 39. Output from the con-
centration sensor 40 is input into the control unit 41.
[0036] Both the control unit 23 and control unit 41 are
provided with computers for controlling the vacuum pump
14 and vacuum pump 39 respectively in order to maintain
at predetermined values the concentrations of dissolved
oxygen in the preprocessing solution flowing through the
preprocessing solution circulating path and the plating
solution flowing through the plating solution circulating
path. In other words, the control unit 23 and control unit
41 use the vacuum pump 14 and vacuum pump 39 to
control the pressure in the exhaust lines of the deaerating
membrane module 13 and deaerating membrane mod-
ule 38 in order to maintain the concentration of dissolved
oxygen in the preprocessing solution Q1 and plating so-
lution Q2 at predetermined values. Hence, the content of
dissolved gas in the preprocessing solution Q1 and plat-
ing solution Q2 can be automatically controlled to achieve
a constant and stable plating process.
[0037] The plating apparatus shown in Fig. 6 performs
an electrolytic plating process in the main body 31. How-
ever, it is also possible to perform an electroless plating
process by eliminating the anode 36 and power source
42 and supplying a plating solution Q2 for electroless
plating to the main body 31. Further, the plating apparatus
described above automatically controls the dissolved gas
in both the preprocessing solution and the plating solu-
tion. It is also possible to automatically control the dis-
solved gas in only one of the solutions, although the proc-
ess may not be as stable as that when controlling both.
[0038] Fig. 7 shows another example construction for
a plating apparatus of the present invention. As shown
in the drawing, a gas-liquid separator 24 is provided on
the exhaust line between the deaerating membrane mod-
ule 13 and vacuum pump 14 of the preprocessing bath
10, while a gas-liquid separator 43 is provided on the
exhaust line between the deaerating membrane module
38 and vacuum pump 39 of the plating bath 30. By pro-
viding with the gas-liquid separator 24 and gas-liquid sep-
arator 43, when liquid (preprocessing solution or plating
solution) leaks out of the deaerating membrane module
13 or deaerating membrane module 38, it does not give
an adverse effect on the vacuum pump 14 and vacuum
pump 39.
[0039] When the vacuum pump 14 and vacuum pump
39 employ seal pumps and the vacuum pumps stop, it is
able to prevent water from backing up and adversely af-
fecting the deaerating membrane module 13 and deaer-
ating membrane module 38. The gas-liquid separator 24
and gas-liquid separator 43 can also be provided be-
tween the deaerating membrane module 13 and vacuum
pump 14 and the deaerating membrane module 38 and
vacuum pump 39 of the construction shown in Fig. 6,

which automatically controls the dissolved gas in the pre-
processing solution Q1 and plating solution Q2 respec-
tively.
[0040] The plating apparatus shown in Fig. 7 performs
an electrolytic plating process in the main body 31. How-
ever, it is also possible to perform an electroless plating
process by eliminating the anode 36 and power source
42 and supplying a plating solution Q2 for electroless
plating to the main body 31. Further, the gas-liquid sep-
arator 24 is provided between the deaerating membrane
module 13 and vacuum pump 14 and the gas-liquid sep-
arator 43 is provided between the deaerating membrane
module 38 and vacuum pump 39 in the example de-
scribed above. However it is also possible to provide only
one of the gas-liquid separator 24 and gas-liquid sepa-
rator 43 in the plating apparatus.
[0041] Fig. 8 shows another example construction of
the preprocessing apparatus used in the plating appara-
tus according to the present invention. As shown in the
drawing, the plating apparatus is provided with the pre-
processing bath 10 having the collecting vessel 12, a
substrate support 25 disposed inside the preprocessing
bath 10, a motor 26 for rotating the substrate support 25
on a horizontal plane, and a nozzle 27 for ejecting the
preprocessing solution Q1 onto the substrate W.
[0042] With this configuration, the pump 16 transfers
the preprocessing solution Q1 inside the collecting vessel
12 to the deaerating apparatus comprising the vacuum
pump 14 and deaerating membrane module 13. After
being deaerated, the preprocessing solution Q1 is eject-
ed from the nozzle 27 onto the surface of the substrate
W. During this time, the motor 26 rotates the substrate
support 25 on which the substrate W is supported. As a
result, the preprocessing solution Q1 is uniformly ejected
from the nozzle 27 over the entire surface of the substrate
W.
[0043] As described above, the preprocessing solution
Q1 is ejected onto the surface of the substrate W while
being deaerated by the deaerating apparatus. Therefore,
air bubbles existing in the fine channels and holes in the
substrate W are more inclined to come out of the chan-
nels and holes, while those remaining in the channels
and holes are inclined to be absorbed into the solution.
As a result, the solution can more easily wet the surface
of the plating object. When performing a subsequent
electrolytic or electroless plating process, it is possible
to form a plating film without defects or omissions. Fur-
ther, by adjusting the number of revolutions of the motor
26 and therefore of the substrate W as well, it is possible
to break the bubbles, thereby attaining a higher quality
of plating.
[0044] Fig. 9 shows another example construction of
the preprocessing apparatus used in the plating appara-
tus according to the present invention. As shown in the
drawing, the preprocessing apparatus of Fig. 9 differs
from that of Fig. 8 in only the following area. A storage
tank 28 is provided for storing preprocessing solution,
and the preprocessing apparatus is configured to supply
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preprocessing solution Q1 from the collecting vessel 12
to be stored in the storage tank 28.
[0045] In this example, the preprocessing solution Q1
is ejected from the nozzle 27 onto the surface of the sub-
strate W while deaerating the solution using the deaer-
ating apparatus. However, it is also possible to prepare
deaerated preprocessing solution in advance and eject
this deaerated preprocessing solution from the nozzle 27.
[0046] Fig. 10 shows another construction of a plating
apparatus. As shown in the drawing, the plating appara-
tus is provided with the plating bath 30 having the col-
lecting vessel 32, a substrate support 44 disposed inside
the plating bath 30 for supporting the substrate W, a mo-
tor 45 for rotating the substrate support 44 in a horizontal
plane, and a nozzle 46 for ejecting the plating solution
Q2 onto the surface of the substrate W.
[0047] With this construction, the pump 33 transfers
the plating solution Q2 (electroless plating solution, in this
example) from the collecting vessel 32 to the temperature
regulator 34. The temperature regulator 34 adjusts the
temperature of the plating solution Q2 to a predetermined
temperature. The plating solution Q2 is transferred
through the filter 35 to remove particles and the like. Next
the plating solution Q2 is transferred to the deaerating
apparatus comprising the vacuum pump 39 and deaer-
ating membrane module 38 and is deaerated before be-
ing ejected by the nozzle 46 onto the surface of the sub-
strate W. At this time, the motor 45 rotates the substrate
support 44 on which the substrate W is mounted, ena-
bling the plating solution Q2 ejected from the nozzle 46
to evenly wet the entire surface of the substrate W.
[0048] As described above, the plating solution Q2 is
ejected onto the surface of the substrate W while being
deaerated by the deaerating apparatus. Therefore, air
bubbles existing in the fine channels and holes in the
substrate W are more inclined to come out of the chan-
nels and holes, while those remaining in the channels
and holes are inclined to be absorbed into the solution.
As a result, the solution can more easily wet the surface
of the plating object. Hence, it is possible to form a plating
film without defects or omissions. Further, by adjusting
the number of revolutions of the motor 45 and therefore
of the substrate W as well, it is possible to achieve a
capability of breaking the bubbles, thereby attaining a
higher quality of plating.
[0049] Fig. 11 shows another construction of a plating
apparatus. As shown in the drawing, the plating appara-
tus of Fig. 11 differs from that of Fig. 10 in only the fol-
lowing area. A storage tank 47 is provided for storing
plating solution, and the plating apparatus is configured
to supply plating solution Q2 from the collecting vessel
32 to be stored in the storage tank 47.
[0050] In this example, the plating solution Q2 is eject-
ed by the nozzle 46 onto the surface of the substrate W
while deaerating the solution using the deaerating appa-
ratus. However, it is also possible to prepare deaerated
plating solution in advance and eject this deaerated plat-
ing solution from the nozzle 46.

[0051] Obviously it is possible to process the substrate
W using the plating apparatus shown in Fig. 10 or Fig.
11 after the substrate W has been preprocessed using
the preprocessing apparatus shown in Fig. 8 or Fig. 9. It
is also obvious that the preprocessing apparatus of Figs.
8 and 9 and the plating apparatus of Figs. 10 and 11 can
be provided with a dissolved oxygen concentration sen-
sor, control unit, or gas-liquid separator as in the appa-
ratus shown in Figs. 5-7.
[0052] While pure water was used for the preprocess-
ing solution Q1 in the examples described above, the
preprocessing solution Q1 is not limited to this solution.
For example, the preprocessing solution Q1 could also
be water containing an surface active agent, an acidic
degreasing agent, dilute sulfuric acid, hydrochloric acid,
or a pre-dipped solution consisting of a plating solution
with the metallic component removed (for example, a
methane sulfonate solution for a methane sulfonic acid
solder plating solution).
[0053] Next, a plating apparatus according to a second
embodiment of the present invention will be described
with reference to Figs. 13, 16, and 19.
[0054] As shown in Fig. 12, a plating apparatus in-
cludes a plating bath 30 that accommodates a plating
solution Q2. The plating bath 30 is provided with a main
body 31 and a collecting vessel 32 for collecting the plat-
ing solution Q2 that overflows from the main body 31.
The plating solution Q2 collected in the collecting vessel
32 is transferred to a circulating tank 47. A pump 33 trans-
fers the plating solution Q2 from the circulating tank 47
to a temperature regulator 34. The temperature regulator
34 regulates the plating solution Q2 to a predetermined
temperature appropriate for plating. A filter 35 is provided
for removing particles and other impurities from the plat-
ing solution Q2 as the solution is supplied to the main
body 31.
[0055] Here, a first path for circulating plating solution
is formed by the circulating tank 47, pump 33, tempera-
ture regulator 34, and filter 35. A deaerating membrane
module 38 is disposed inside the circulating tank 47 and
connected to a vacuum pump 39. The deaerating mem-
brane module 38 and vacuum pump 39 form a deaerating
apparatus for removing dissolved gas from the plating
solution Q2 accommodated in the circulating tank 47. A
flow meter 37 is provided for measuring the circulating
flow of the plating solution Q2. The deaerating membrane
module 38 employs a diaphragm method for removing
various types of dissolved gases from the solution, such
as oxygen, air, carbon dioxide, and the like.
[0056] With the construction described above, a sub-
strate W such as a semiconductor wafer is retained in a
retainer 15 and submersed in the plating solution Q2 in
the main body 31 and an anode 36 is disposed also in
the main body 31 opposing the substrate W. A power
source 42 supplies an electrical current between the sub-
strate W and the anode 36 in order to plate the substrate
W. Since the plating solution Q2 has been deaerated by
the deaerating apparatus formed of the deaerating mem-
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brane module 38 and vacuum pump 39, air bubbles ex-
isting in the fine channels and plugs formed in the sub-
strate W and in the opening portions of the resist are
absorbed into the deaerated plating solution Q2, thereby
enabling the plating solution Q2 to enter the fine channels
and holes and the opening portions of the resist and pro-
duce a plating film without defects or omissions.
[0057] By providing the deaerating apparatus in the
circulating tank 47 along the first path, dissolved gas in
the plating solution Q2 is removed when the plating so-
lution Q2 that overflows from the main body 31, collects
in the collecting vessel 32, and is stored in the circulating
tank 47 passes through the deaerating membrane mod-
ule 38. Hence, dissolved gas is removed from the plating
solution Q2, thereby preventing reactions by the dis-
solved gas and achieving a stable environment for plating
capable of restraining side reactions that can degrade
the quality of the plating solution.
[0058] In the plating apparatus shown in Fig. 12, an
electrolytic plating process is performed in which a plating
solution Q2 for electrolytic plating is supplied to the main
body 31. However, it is also possible to perform an elec-
troless plating process by eliminating the anode 36 and
power source 42, supplying a plating solution Q2 for elec-
troless plating to the main body 31, and immersing the
substrate W retained by the retainer 15 into the plating
solution Q2.
[0059] Fig. 13 is another example construction for the
preprocessing apparatus in the plating apparatus of the
present invention. As shown in the drawing, the plating
apparatus includes a preprocessing bath 10 in addition
to the plating baths (not shown) used for plating the sub-
strate W. The preprocessing bath 10 is provided with a
main body 11 accommodating a preprocessing solution
Q1 and a collecting vessel 12 for collecting the preproc-
essing solution Q1 that overflows from the main body 11.
The preprocessing solution Q1 collected in the collecting
vessel 12 is transferred to a circulating tank 28. A pump
16 transfers the preprocessing solution Q1 from the cir-
culating tank 28 to a temperature regulator 18. The tem-
perature regulator 18 regulates the preprocessing solu-
tion Q1 to a predetermined temperature appropriate for
preprocessing. A filter 19 is provided for removing parti-
cles and other contaminants from the preprocessing so-
lution Q1 as the solution is supplied back to the main
body 11.
[0060] Here, a first path for circulating preprocessing
solution is formed by the circulating tank 28, pump 16,
temperature regulator 18, and filter 19. A deaerating
membrane module 13 is disposed inside the circulating
tank 28 and connected to a vacuum pump 14. The de-
aerating membrane module 13 and vacuum pump 14
form a deaerating apparatus for removing dissolved gas
from the preprocessing solution Q1 accommodated in
the circulating tank 28. A flow meter 22 is provided for
measuring the circulating flow of the preprocessing so-
lution Q1. The deaerating membrane module 13 employs
a diaphragm method for removing various types of dis-

solved gases from the solution, such as oxygen, air, car-
bon dioxide, and the like.
[0061] The preprocess is performed by immersing the
substrate W retained by the retainer 15 into the preproc-
essing solution Q1 in the main body 11. Since the pre-
processing solution Q1 has been deaerated by the de-
aerating apparatus formed of the deaerating membrane
module 13 and vacuum pump 14, air bubbles existing in
the fine channels and plugs formed in the substrate W
and in the opening portions of the resist are absorbed
into the deaerated preprocessing solution Q1, thereby
enabling the preprocessing solution Q1 to enter the fine
channels and holes for wiring and the opening portions
of the resist. Accordingly, when the substrate W is im-
mersed into the plating solution Q2 during the plating
process following the preprocess, the preprocessing so-
lution Q1 in the fine channels and holes and the opening
portions of the resist is replaced by the plating solution
Q2, preventing the generation of defects and omissions
in the plating film.
[0062] Fig. 14 shows another construction of a plating
apparatus. The plating apparatus of Fig. 14 differs from
that shown in Fig. 12 in the following way. The substrate
W retained by the retainer 15 and the anode 36 oppose
each other vertically in the plating solution Q2 of the main
body 31. The rest of the construction is the same as that
shown in Fig. 12.
[0063] Fig. 15 is another construction of a plating ap-
paratus. As shown in the drawing, the circulating tank 47
is connected to an inert gas cylinder 48 via a valve 49 in
order to supply inert gas to the surface of the plating
solution Q2. The circulating tank 47 is also connected to
a circulating pump 50, the temperature regulator 34, and
the deaerating membrane module 38 connected to the
vacuum pump 39. Here, a second circulating path is
formed by the circulating pump 50, temperature regulator
34, and deaerating membrane module 38.
[0064] With this construction, the plating solution Q2
that overflows from the main body 31 is collected by the
collecting vessel 32 and introduced into the circulating
tank 47. The pump 33 transfers the plating solution Q2
in the circulating tank 47 back to the main body 31 via
the filter 35 to remove particles and the like. The circu-
lating pump 50 circulates the plating solution Q2 from the
circulating tank 47 via the temperature regulator 34 and
deaerating membrane module 38. By circulating the plat-
ing solution Q2 in this manner, the plating solution Q2 can
be adjusted to a predetermined temperature by the tem-
perature regulator 34 and deaerated by the deaerating
membrane module 38.
[0065] In addition to the circulating system for trans-
mitting plating solution Q2 from the circulating tank 47 to
the main body 31 via the pump 33, filter 35, and flow
meter 37, a second circulating path is provided for trans-
ferring plating solution Q2 from the circulating tank 47 via
the circulating pump 50, temperature regulator 34, and
deaerating membrane module 38, and return it to the
circulating tank 47. Since the deaerating membrane mod-
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ule 38 deaerates the plating solution Q2 flowing through
the second circulating path, there is no need to change
the flow of plating solution Q2 to the deaerating mem-
brane module 38 when the flow of plating solution Q2
along the first circulating path changes. Hence, it is pos-
sible to achieve stable deaerating properties.
[0066] By supplying inert gas from the inert gas cylin-
der 48 via the valve 49 to the surface of the plating so-
lution Q2 in the circulating tank 47, it is possible to prevent
active gas such as oxygen in the atmosphere from con-
tacting the surface of the plating solution Q2. Accordingly,
these types of active gases will not be absorbed into the
plating solution Q2.
[0067] Fig. 16 is another example construction for the
preprocessing apparatus used in the plating apparatus
according to the present invention. As shown in the draw-
ing, the plating apparatus includes the preprocessing
bath 10 and circulating tank 28 in addition to the plating
bath (not shown) used for plating the substrate W. The
circulating tank 28 is connected to the inert gas cylinder
48 via the valve 49 in order to supply inert gas to the
surface of the preprocessing solution Q1. The circulating
tank 28 is also connected to the circulating pump 50, the
temperature regulator 18, and the deaerating membrane
module 13 connected to the vacuum pump 14. Here, a
second circulating path is formed by the circulating pump
50, temperature regulator 18, and deaerating membrane
module 13.
[0068] With this construction, the preprocessing solu-
tion Q1 that overflows from the main body 11 is collected
by the collecting vessel 32 and introduced into the circu-
lating tank 28. The pump 16 transfers the preprocessing
solution Q1 in the circulating tank 28 back to the main
body 11 via the filter 19 to remove particles and the like.
The circulating pump 50 circulates the preprocessing so-
lution Q1 from the circulating tank 28 via the temperature
regulator 18 and deaerating membrane module 13. By
circulating the preprocessing solution Q1 in this manner,
the preprocessing solution Q1 can be adjusted to a pre-
determined temperature by the temperature regulator 18
and deaerated by the deaerating membrane module 13.
[0069] In addition to the circulating system for trans-
mitting preprocessing solution Q1 from the circulating
tank 28 to the main body 11 via the pump 16, filter 19,
and flow meter 22, a second circulating path is provided
for transferring preprocessing solution Q1 from the circu-
lating tank 28 via the circulating pump 50, temperature
regulator 18, and deaerating membrane module 13, and
return it to the circulating tank 28. Since the deaerating
membrane module 13 deaerates the preprocessing so-
lution Q1 flowing through the second circulating path,
there is no need to change the flow of preprocessing
solution Q1 to the deaerating membrane module 13 when
the flow of preprocessing solution Q1 along the first cir-
culating path changes. Hence, it is possible to achieve
stable deaerating properties.
[0070] By supplying inert gas from the inert gas cylin-
der 48 via the valve 49 to the surface of the preprocessing

solution Q1 in the circulating tank 28, it is possible to
prevent active gas such as oxygen in the atmosphere
from contacting the surface of the preprocessing solution
Q1. Accordingly, these types of active gases will not be
absorbed into the preprocessing solution Q1.
[0071] Fig. 17 shows another construction of a plating
apparatus. The plating apparatus of Fig. 17 differs from
that shown in Fig. 15 in the following way. The substrate
W retained by the retainer 15 and the anode 16 oppose
each other vertically in the plating solution Q2 of the main
body 31. The rest of the construction is the same as that
shown in Fig. 15.
[0072] Fig. 18 shows another construction for a plating
apparatus. In this plating apparatus, the deaerating mem-
brane module 38 is disposed inside the main body 31
and connected externally to the vacuum pump 39. The
deaerating membrane module 38 and the vacuum pump
39 form a deaerating apparatus for removing dissolved
gas from the plating solution Q2 accommodated in the
main body 31. As in the example of Fig. 12, the deaerating
membrane module 38 employs a diaphragm method for
removing various types of dissolved gases from the so-
lution, such as oxygen, air, carbon dioxide, and the like.
[0073] In the plating apparatus of Fig. 18, the pump 33
transfers plating solution Q2 that overflows from the main
body 31 and is collected in the collecting vessel 32 to the
temperature regulator 34. The temperature regulator 34
regulates the plating solution Q2 to a predetermined tem-
perature appropriate for plating. The filter 35 is provided
for removing particles and the like from the plating solu-
tion Q2 as the solution is supplied to the main body 31.
[0074] With the construction described above, the sub-
strate W such as a semiconductor wafer is retained in
the retainer 15 and submersed in the plating solution Q2
in the main body 31 and the anode 36 is also disposed
in the main body 31 opposing the substrate W. The power
source 42 supplies an electrical current between the sub-
strate W and the anode 36 in order to plate the substrate
W. Since the plating solution Q2 has been deaerated by
the deaerating apparatus formed of the deaerating mem-
brane module 38 and vacuum pump 39, air bubbles ex-
isting in the fine channels and plugs formed in the sub-
strate W and in the opening portions of the resist for wiring
are absorbed into the deaerated plating solution Q2,
thereby enabling the plating solution Q2 to enter the fine
channels and holes of the substrate W and the opening
portions of the resist and produce a plating film without
defects or omissions.
[0075] By providing the deaerating apparatus in the
main body 31, dissolved gas in the plating solution Q2
accommodated in the main body 31 is removed by the
deaerating membrane module 38. Hence, dissolved gas
is removed from the plating solution Q2 thereby prevent-
ing reactions by the dissolved gas and achieving a stable
environment for plating that restrains side reactions that
can degrade the quality of the plating solution.
[0076] In the plating apparatus shown in Fig. 18, an
electrolytic plating process is performed in which a plating
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solution Q2 for electrolytic plating is supplied to the main
body 31. However, it is also possible to perform an elec-
troless plating process by eliminating the anode 36 and
power source 42, supplying a plating solution Q2 for elec-
troless plating to the main body 31, and immersing the
substrate W retained by the retainer 15 into the plating
solution Q2, as described for the plating apparatus of Fig.
12.
[0077] Fig. 19 shows another example construction for
the preprocessing apparatus in the plating apparatus of
the present invention. As shown in the drawing, the plat-
ing apparatus includes the preprocessing bath 10 in ad-
dition to the plating bath (not shown) used for plating the
substrate W. The deaerating membrane module 13 is
disposed inside the main body 11 and connected exter-
nally to the vacuum pump 14. The deaerating membrane
module 13 and the vacuum pump 14 form a deaerating
apparatus for removing dissolved gas from the preproc-
essing solution Q1 accommodated in the main body 11.
As in the example of Fig. 13, the deaerating membrane
module 13 employs a diaphragm method for removing
various types of dissolved gases from the solution, such
as oxygen, air, carbon dioxide, and the like.
[0078] In the preprocessing apparatus of Fig. 19, the
pump 16 transfers preprocessing solution Q1 that over-
flows from the main body 11 and is collected in the col-
lecting vessel 12 to the temperature regulator 18. The
temperature regulator 18 regulates the preprocessing
solution Q1 to a predetermined temperature appropriate
for preprocessing. The filter 19 is provided for removing
particles and the like from the preprocessing solution Q1
as the solution is supplied to the main body 11.
[0079] The preprocess is performed by immersing the
substrate W retained by the retainer 15 into the preproc-
essing solution Q1 in the main body 11. Since the pre-
processing solution Q1 has been deaerated by the de-
aerating apparatus formed of the deaerating membrane
module 13 and vacuum pump 14, air bubbles existing in
the fine channels and plugs formed in the substrate W
and in the opening portions of the resist are absorbed
into the deaerated preprocessing solution Q1, thereby
enabling the preprocessing solution Q1 to enter the fine
channels and holes and the opening portions therein.
Accordingly, when the substrate W is immersed into the
plating solution Q2 during the plating process following
the preprocess, the preprocessing solution Q1 in the fine
channels and holes in the substrate and the opening por-
tions of the resist is replaced by the plating solution Q2,
preventing the generation of defects and omissions in
the plating film.
[0080] Fig. 20 shows another construction of a plating
apparatus. The plating apparatus of Fig. 20 differs from
that shown in Fig. 18 in the following way. The substrate
W retained by the retainer 15 and the anode 36 oppose
each other vertically in the plating solution Q2 of the main
body 31. The rest of the construction is the same as that
shown in Fig. 12.
[0081] In the apparatus of Figs. 12-20, the deaerating

membrane module 38 and deaerating membrane mod-
ule 13 employ a diaphragm method for removing various
types of dissolved gases from the solution, such as ox-
ygen, nitrogen, carbon dioxide, and the like.
[0082] In the plating apparatus according to the
present invention described above, it is possible to main-
tain dissolved gases in the preprocessing solution Q1 at
a low-level, thereby restraining the generation of bubbles
on the surface of the substrate W. Further, while the sub-
strate W is immersed in the preprocessing solution Q1
prior to the plating process, it is possible to deaerate pre-
processing solution Q1 when a substrate W is not im-
mersed therein. Accordingly, the deaerating apparatus
for the preprocessing solution Q1 can have a small ca-
pacity. The plating apparatus is also economical in that
a large deaerating apparatus is not necessary even with
a large flow of preprocessing solution. Further, the flow
of preprocessing solution can be kept uniform through
the deaerating apparatus even when the flow of solution
supplied to the preprocessing bath fluctuates. Accord-
ingly, it is possible to perform a stable deaerating proc-
ess.
[0083] By providing an apparatus for supplying inert
gas to the surface of the solution in the circulating tank,
active gas such as oxygen in the atmosphere is not ab-
sorbed into the surface of the solution. Hence, this con-
figuration effectively prevents an increase in dissolved
gases in the deaerated solution even when deaerating
operations of the apparatus have been halted.
[0084] Next, a plating apparatus according to a third
embodiment of the present invention will be described
with reference to Fig. 22. Regarding Fig. 21, a plating
apparatus is provided with the plating bath 30; the plating
bath 30 is provided with the main body 31 accommodat-
ing plating solution, the substrate W disposed in the main
body 31, and the anode 36; and the power source 42
supplies an electrical current between the substrate W
and the anode 36 in order to plate the substrate W. Plating
solution that overflows from the main body 31 is collected
in the collecting vessel 32. The pump 33 circulates the
plating solution back to the main body 31. During this
circulation, the plating solution passes through a deaer-
ating apparatus, the temperature regulator 34, and filter
35, wherein the deaerating apparatus comprises deaer-
ating membrane module 38 and vacuum pump 39, which
deaerate the plating solution.
[0085] A bypass tube 52 is provided to bypass the tube
passing through the deaerating membrane module 38
and vacuum pump 39. A three-way valve 53 is provided
to divide the flow of solution between the bypass tube 52
and the tube passing through the deaerating membrane
module 38 and vacuum pump 39. A flow-regulating valve
54 is provided on the bypass tube 52. The flow meter 37
is provided on the tube passing through the deaerating
apparatus. The concentration sensor 40 and flow meter
37 are disposed downstream from the point in which the
solutions from the two paths are recombined. Therefore,
it is possible to control the amount of solution flowing
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through the bypass tube 52 and the tube passing through
the deaerating apparatus. It is also possible to regulate
the concentration of dissolved oxygen in the plating so-
lution by decreasing the pressure on the decompression
side of the deaerating apparatus when the flow of solution
through the apparatus is small and increasing the pres-
sure on the decompression side when the flow of solution
to the apparatus is large.
[0086] When the capacity of the deaerating apparatus
is smaller than the desired circulating flow, it is desirable
to set the flow through the deaerating apparatus at a uni-
form rate and allow the flow that exceeds the capacity of
the deaerating apparatus to pass through the bypass
tube 52. With this method, it is possible to achieve a de-
sired flow of plating solution to the circulating system
while using the full capacity of the deaerating apparatus.
Since the concentration sensor 40 is disposed at a posi-
tion after the point in which the solutions from the two
paths are recombined, it is possible to monitor the con-
centration of dissolved oxygen for the overall plating so-
lution flowing in the circulating system. As described
above, a desirable concentration of dissolved gases
should fall between 4 ppm and 1 ppb. Output from the
concentration sensor 40 is transmitted to a control unit
(not shown) and the pressure on the decompression side
of the deaerating apparatus can be adjusted based on
this data. Accordingly, it is possible to control the con-
centration of dissolved gases in the plating solution flow-
ing through the entire circulating system, including the
bypass tube 52.
[0087] Fig. 22 shows an example of applying the con-
struction described in Fig. 21 to a preprocessing bath, in
accordance with a third embodiment of the present in-
vention. The preprocessing bath 10 of the preprocessing
apparatus is provided with the main body 11. The sub-
strate W, which is the object of the preprocess, is dis-
posed in the main body 11. Preprocessing solution is
supplied from the bottom of the preprocessing bath 10.
Solution that overflows the main body 11 is collected in
the collecting vessel 12. The pump 16 circulates the so-
lution back to the bottom of the preprocessing bath 10
via a tube of the circulation system. A deaerating appa-
ratus comprising the deaerating membrane module 13
and vacuum pump 14 is provided on the tube of the cir-
culation system. The bypass tube 52 is provided to by-
pass the tube passing through the deaerating membrane
module 13 and vacuum pump 14. Here as well, it is de-
sirable to set the flow through the deaerating apparatus
at a uniform rate at which the apparatus can operate and
allow the flow that exceeds the capacity of the deaerating
apparatus to pass through the bypass tube 52. Since the
concentration sensor 20 is provided in the circulation sys-
tem, it is possible to regulate the deaerating level of the
deaerating apparatus such that the concentration of dis-
solved oxygen in the preprocessing solution falls within
a desired range. Since the deaerating apparatus in the
circulating system of the plating bath and/or the preproc-
essing bath and a bypass tube are provided, it is possible

to always achieve a stable high quality plating film re-
gardless of the amount of circulating flow by performing
a desired deaerating process with a relatively low capac-
ity deaerating apparatus.
[0088] While the invention has been described in detail
with reference to specific embodiments that an example
of the dissolved gas is an oxygen gas, it would be appar-
ent that any dissolved gas other than oxygen is also ap-
plicable.

Industrial Applicability

[0089] The present invention relates to a plating meth-
od and apparatus for forming fine wiring and the like of
copper plating on the surface of a semiconductor wafer.
Accordingly, the invention is suitable for use in the man-
ufacturing of electronic devices such as semiconductor
devices.

Claims

1. A method for performing electrolytic or electroless
plating of an object (W) using a plating solution (Q2),
comprising:

conducting a preprocessing operation by bring-
ing an object (W) to be plated into contact with
a preprocessing solution (Q1) after or while de-
aerating dissolved gas from the preprocessing
solution (Q1); and then conducting an electro-
lytic or electroless plating operation while the
object (W) to be plated is still wet with the pre-
processing solution (Q1).

2. A method for performing electrolytic or electroless
plating as claimed in claim 1, wherein the preproc-
essing solution (Q1) is ejected onto the surface of
the object (W) to be plated after the preprocessing
solution (Q1) has been deaerated or while the pre-
processing solution (Q1) is being deaerated with the
deaerating apparatus (13, 14) and subsequently per-
forming the electrolytic or electroless plating process
while the object (W) is still wet with preprocessing
solution (Q1).

3. A plating method as claimed in claim 2, wherein the
object (W) to be plated is rotated while or after eject-
ing the preprocessing solution (Q1) onto the surface
of the object (W).

4. A plating method as claimed in one of claim 1 through
3, wherein the deaerating process is performed while
monitoring the concentration of dissolved gas in the
preprocessing solution (Q1) using a sensor (20) ca-
pable of detecting the concentration of dissolved
gas.
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5. A plating method as claimed in one of claim 1 through
4, wherein the plating or preprocess is performed
while maintaining the concentration of dissolved gas
in the plating solution (Q2) or preprocessing solution
(Q1) within a range between 4 ppm and 1 ppb.

6. A plating apparatus for performing electrolytic or
electroless plating of an object (W), comprising:

a plating bath accommodating a plating solution;
a preprocessing bath (10) accommodating a
preprocessing solution (Q1); and
a deaerating apparatus (13, 14) for deaerating
dissolved gas existing in the preprocessing so-
lution (Q1) supplied to the preprocessing bath
(10).

7. A plating apparatus for performing electrolytic or
electroless plating of an object as claimed in claim
6, further comprising:

a plating solution circulating path for circulating
plating solution from and to the plating bath, and
a deaerating apparatus disposed on the circu-
lating path for deaerating dissolved gas in the
plating solution discharged from the plating bath
before the solution is again supplied to the plat-
ing bath.

8. A plating apparatus for performing electrolytic or
electroless plating of an object (W) after conducting
a preprocess in the preprocessing bath (10) as
claimed in claim 6 or 7, further comprising:

a preprocessing solution circulating path for cir-
culating the preprocessing solution (Q1) to and
from the preprocessing bath (10), wherein the
deaerating apparatus (13, 14) is disposed on
the preprocessing solution circulating path for
deaerating dissolved gas in the preprocessing
solution (Q1) discharged from the preprocessing
bath (10) before the preprocessing solution (Q1)
is again supplied to the preprocessing bath (10).

9. A plating apparatus as claimed in claim 8, further
comprising:

a concentration sensor (20) for detecting the
concentration of dissolved gas in the preproc-
essing solution (Q1) passing through the pre-
processing solution circulating path; and
a controller (23) for controlling the pressure of
the deaerating apparatus (13, 14) and capable
of regulating the concentration of dissolved gas
in the preprocessing solution (Q1) by controlling
the pressure thereof.

10. A plating apparatus as claimed in claim 8, further

comprising:

a preprocessing solution circulating tank (28)
disposed on the preprocessing solution circulat-
ing path, wherein either the deaerating appara-
tus (13, 14) is disposed on the preprocessing
solution circulating tank (28) or the plating ap-
paratus further comprises a first preprocessing
solution circulating channel for circulating pre-
processing solution (Q1) between the preproc-
essing solution circulating tank (28) and the pre-
processing bath (10) and a second preprocess-
ing solution circulating channel for circulating
preprocessing solution (Q1) separately to the
preprocessing solution circulating tank (28) and
the deaerating apparatus (13, 14) is disposed
on the second preprocessing solution circulating
channel, and the preprocessing solution (Q1) is
deaerated while performing the preprocess.

11. A plating apparatus as claimed in claim 8, further
comprising:

a bypass tube (52) disposed on the deaerating
apparatus (13, 14) in the preprocessing solution
circulating path for controlling the amount of so-
lution (Q1) flowing to the deaerating apparatus
(13, 14).

12. A plating apparatus as claimed in claim 11, wherein
a pressure in a decompression side of the deaerating
apparatus (13, 14) is set to a low pressure when a
large amount of preprocessing solution (Q1) is flow-
ing through the bypass tube (52) and is set to a high
pressure when a small amount of preprocessing so-
lution (Q1) is flowing through the bypass tube (52).

13. A plating apparatus as claimed in claim 11 or 12,
further comprising:

a concentration sensor (20) for detecting the
concentration of dissolved gas in the preproc-
essing solution (Q1) before or after a tube pass-
ing through the deaerating apparatus (13, 14)
and the bypass tube (52)are
combined.

Patentansprüche

1. Verfahren zur Durchführung einer elektrolytischen
oder elektrolosen Plattierung eines Objekts (W) un-
ter Verwendung einer Plattierlösung (Q2), wobei Fol-
gendes vorgesehen ist:

Durchführung eines Vorbearbeitungsvorgangs
dadurch, dass ein zu plattierendes Objekt (W)
in Kontakt mit einer Vorbearbeitungslösung (Q1)
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gebracht wird, und zwar nach oder während der
Entlüftung aufgelösten Gases aus der Vorbear-
beitungslösung (Q1); und
sodann Durchführen eines elektrolytischen oder
elektrolosen Plattiervorgangs während das zu
platzierende Objekt (W) noch immer mit der Vor-
bearbeitungslösung (Q1) benetzt ist.

2. Verfahren nach Anspruch 1, wobei die Vorbearbei-
tungslösung (Q1) auf die Oberfläche des zu platzie-
renden Objekts (W) gespritzt wird, nachdem die Vor-
bearbeitungslösung (Q1) entlüftet wurde, oder wäh-
rend die Vorbearbeitungslösung (Q1) mit der Entlüf-
tungsvorrichtung (13, 14) entlüftet wird, und darauf
folgendes Durchführen des elektrolytischen oder
elektrolosen Plattierverfahrens während das Objekt
(W) noch durch die Vorbearbeitungslösung (Q1)
nass ist.

3. Plattierverfahren nach Anspruch 2, wobei das zu
plattierende Objekt (W) während oder nach dem
Ausstoßen der Vorbearbeitungslösung (Q1) auf die
Oberfläche des Objekts (W) rotiert wird.

4. Plattierverfahren nach einem der Ansprüche 1 bis 3,
wobei der Entlüftungsprozess während der Überwa-
chung der Konzentration des aufgelösten Gases in
der Vorbearbeitungslösung (Q1) durchgeführt wird,
und zwar unter Verwendung eines Sensors (20), der
in der Lage ist, die Konzentration des aufgelösten
Gases zu detektieren.

5. Plattierverfahren nach einem der Ansprüche 1 bis 4,
wobei das Plattieren oder die Vorbehandlung durch-
geführt wird während die Konzentration des aufge-
lösten Gases in der Plattierlösung (Q2) oder der Vor-
bearbeitungslösung (Q1) innerhalb eines Bereichs
zwischen 4 ppm und 1 ppb gehalten wird.

6. Plattiervorrichtung zur Durchführung einer elektroly-
tischen oder elektrolosen Plattierung an einem Ob-
jekt (W), wobei Folgendes vorgesehen ist:

ein, eine Plattierlösung aufnehmendes Plattier-
bad;
ein Vorbehandlungsbad (10), welches eine Vor-
bearbeitungslösung (Q1) aufnimmt; und
eine Entlüftungsvorrichtung (13, 14) zur Entlüf-
tung des aufgelösten Gases in der Vorbearbei-
tungslösung (Q1), geliefert an das Vorbehand-
lungsbad (10).

7. Plattiervorrichtung zur Durchführung einer elektroly-
tischen oder elektrolosen Plattierung eines Objektes
nach Anspruch 6, wobei ferner Folgendes vorgese-
hen ist:

ein Plattierlösungs-Zirkulationspfad zum Zirku-

lieren der Plattierlösung von und zum Plattier-
bad, und
eine Entlüftungsvorrichtung, angeordnet in dem
Zirkulationspfad zur Entlüftung aufgelösten Ga-
ses in der Plattierlösung, abgegeben von dem
Plattierbad bevor die Lösung wiederum an das
Plattierbad geliefert wird.

8. Plattiervorrichtung zur Durchführung einer elektroly-
tischen oder elektrolosen Plattierung eines Objektes
(W) nach Durchführung einer Vorbehandlung in dem
Vorbehandlungsbad (10) nach Anspruch 6 oder 7,
wobei ferner Folgendes vorgesehen ist:

ein Vorbehandlungslösungs-Zirkulationspfad
zum Zirkulieren der Vorbehandlungslösung
(Q1) zum Vorbehandlungsbad (10) hin und von
diesem weg, wobei die Entlüftungsvorrichtung
(13, 14) am Vorbehandlungslösungs-Zirkulati-
onspfad zur Entlüftung aufgelösten Gases in der
Vorbehandlungslösung (Q1), abgegeben von
dem Vorbehandlungsbad (10) angeordnet ist,
und zwar bevor die Vorbehandlungslösung (Q1)
wiederum an das Vorbehandlungsbad (10) ge-
liefert wird.

9. Plattiervorrichtung gemäß Anspruch 8, wobei ferner
Folgendes vorgesehen ist:

ein Konzentrationssensor (20) zum Detektieren
der Konzentration aufgelösten Gases in der Vor-
behandlungslösung (Q1), die durch den Vorbe-
handlungslösungs-Zirkulationspfad läuft; und
eine Steuervorrichtung (23) zum Steuern des
Drucks der Entlüftungsvorrichtung (13, 14) und
zum Regulieren der Konzentration des aufgelö-
sten Gases in der Vorbehandlungslösung (Q1)
durch Steuerung des Druckes davon.

10. Plattiervorrichtung nach Anspruch 8, wobei ferner
Folgendes vorgesehen ist:

ein Vorbehandlungslösungs-Zirkulationstank
(28), angeordnet an dem Vorbehandlungslö-
sungs-Zirkulationspfad, wobei entweder die
Entlüftungsvorrichtung (13, 14) am Vorbehand-
lungslösungs-Zirkulationstank (28) angeordnet
ist oder aber die Plattiervorrichtung ferner einen
ersten Vorbehandlungslösungs-Zirkulationska-
nal aufweist, und zwar zum Zirkulieren der Vor-
behandlungslösung (Q1) zwischen dem Vorbe-
handlungslösungs-Zirkulationstank (28) und
dem Vorbehandlungsbad (10) und ferner mit ei-
nem zweiten Vorbehandlungslösungs-Zirkulati-
onskanal zum Zirkulieren der Vorbehandlungs-
lösung (Q1), getrennt von dem Vorbehandlungs-
lösungs-Zirkulationstank (28) und wobei ferner
die Entlüftungsvorrichtung (13, 14) an dem

23 24 



EP 1 048 757 B1

14

5

10

15

20

25

30

35

40

45

50

55

zweiten Vorbehandlungslösungs-Zirkulations-
kanal angeordnet ist, und die Vorbehandlungs-
lösung (Q1) während der Durchführung des Vor-
behandlungsprozesses oder - vorgangs entlüf-
tet wird.

11. Plattiervorrichtung nach Anspruch 8, wobei ferner
Folgendes vorgesehen ist:

ein Bypassrohr (52), angeordnet an der Entlüf-
tungsvorrichtung (13, 14) in dem Vorhandlungs-
lösungs-Zirkulationspfad zum Steuern der Men-
ge der Lösung (Q1), die zu der Entlüftungsvor-
richtung (13, 14) fließt.

12. Plattiervorrichtung nach Anspruch 11, wobei ein
Druck in einer Dekompressionsseite der Entlüf-
tungsvorrichtung (13, 14) auf einen niedrigen Druck
eingestellt wird, wenn eine große Menge an Vorbe-
handlungslösung (Q1) durch das Bypassrohr (52)
fließt, und wobei die Einstellung auf einen hohen
Druck dann erfolgt, wenn eine kleine Menge an Vor-
behandlungslösung (Q1) durch das Bypassrohr (52)
fließt.

13. Plattiervorrichtung nach Anspruch 11 oder 12, wobei
ferner Folgendes vorgesehen ist:

ein Konzentrationssensor (20) zum Detektieren
der Konzentration aufgelösten Gases in der Vor-
behandlungslösung (Q1) bevor oder nachdem
ein durch die Entlüftungsvorrichtung (13, 14)
laufendes Rohr und das Bypassrohr (52) kom-
biniert werden.

Revendications

1. Procédé pour réaliser une métallisation électrolyti-
que ou anélectrolytique d’un objet (W) en utilisant
une solution de métallisation (Q2), consistant à :

effectuer une opération de pré-traitement en
amenant un objet (W) destiné à être métallisé
en contact avec une solution de pré-traitement
(Q1) après ou pendant la désaération des gaz
dissous de la solution de prétraitement (Q1) ; et
en effectuant ensuite une opération de métalli-
sation électrolytique ou anélectrolytique alors
que l’objet (W) destiné à être métallisé est tou-
jours mouillé avec la solution de prétraitement
(Q1).

2. Procédé pour réaliser une métallisation électrolyti-
que ou anélectrolytique selon la revendication 1,
dans lequel la solution de prétraitement (Q1) est pro-
jetée sur la surface de l’objet (W) destiné à être mé-
tallisé une fois que la solution de prétraitement (Q1)

a été désaérée ou pendant que la solution de pré-
traitement (Q1) est désaérée avec l’appareil de dé-
saération (13, 14) et en réalisant ensuite le procédé
de métallisation électrolytique ou anélectrolytique
alors que l’objet (W) est toujours mouillé avec la so-
lution de prétraitement (Q1).

3. Procédé de métallisation selon la revendication 2,
dans lequel l’objet (W) destiné à être métallisé est
mis en rotation pendant ou après la projection de la
solution de prétraitement (Q1) sur la surface de l’ob-
jet (W).

4. Procédé de métallisation selon l’une quelconque des
revendications 1 à 3, dans lequel le procédé de dé-
saération est réalisé tout en surveillant la concentra-
tion des gaz dissous dans la solution de prétraite-
ment (Q1) en utilisant un capteur (20) capable de
détecter la concentration des gaz dissous.

5. Procédé de métallisation selon l’une quelconque des
revendications 1 à 4, dans lequel la métallisation ou
le pré-traitement est réalisé tout en maintenant la
concentration des gaz dissous dans la solution de
métallisation (Q2) ou la solution de prétraitement
(Q1) dans un domaine compris entre 4 ppm et 1ppb.

6. Appareil de métallisation pour réaliser une métalli-
sation électrolytique ou anélectrolytique d’un objet
(W), comprenant :

un bain de métallisation recevant une solution
de métallisation ;
un bain de prétraitement (10) recevant une so-
lution de prétraitement (Q1) ; et
un appareil de désaération (13, 14) pour désa-
érer des gaz dissous existant dans la solution
de prétraitement (Q1) introduite dans le bain de
prétraitement (10).

7. Appareil de métallisation pour réaliser une métalli-
sation électrolytique ou anélectrolytique d’un objet
selon la revendication 6, comprenant en outre :

une voie de circulation de solution de métallisa-
tion pour faire circuler une solution de métalli-
sation depuis et vers le bain de métallisation, et
un appareil de désaération disposé sur la voie
de circulation pour désaérer des gaz dissous
dans la solution de métallisation évacuée du
bain de métallisation avant que la solution soit
à nouveau introduite dans le bain de métallisa-
tion.

8. Appareil de métallisation pour réaliser une métalli-
sation électrolytique ou anélectrolytique d’un objet
(W) après avoir effectué un prétraitement dans le
bain de prétraitement (10) selon la revendication 6
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ou 7, comprenant en outre :

une voie de circulation de solution de prétraite-
ment pour faire circuler la solution de prétraite-
ment (Q1) vers et depuis le bain de prétraitement
(10), où l’appareil de désaération (13, 14) est
disposé sur la voie de circulation de solution de
prétraitement pour désaérer des gaz dissous
dans la solution de prétraitement (Q1) évacuée
du bain de prétraitement (10) avant que la so-
lution de prétraitement (Q1) soit à nouveau in-
troduite dans le bain de prétraitement (10).

9. Appareil de métallisation selon la revendication 8,
comprenant en outre :

un capteur de concentration (20) pour détecter
la concentration des gaz dissous dans la solu-
tion de prétraitement (Q1) passant à travers la
voie de circulation de solution de prétraitement ;
et
un contrôleur (23) pour contrôler la pression de
l’appareil de désaération (13, 14) et capable de
réguler la concentration des gaz dissous dans
la solution de prétraitement (Q1) en contrôlant
leurs pressions.

10. Appareil de métallisation selon la revendication 8,
comprenant en outre :

un réservoir de circulation de solution de pré-
traitement (28) disposé sur la voie de circulation
de solution de prétraitement, dans lequel soit
l’appareil de désaération (13, 14) est disposé
sur le réservoir de circulation de solution de pré-
traitement (28) ou l’appareil de métallisation
comprend en outre un premier canal de circula-
tion de solution de prétraitement pour faire cir-
culer la solution de prétraitement (Q1) entre le
réservoir de circulation de solution de prétraite-
ment (28) et le bain de prétraitement (10) et un
deuxième canal de circulation de solution de
prétraitement pour faire circuler la solution de
prétraitement (Q1) séparément du réservoir de
circulation de solution de prétraitement (28) et
l’appareil de désaération (13, 14) est disposé
sur le deuxième canal de circulation de solution
de prétraitement, et la solution de prétraitement
(Q1) est désaérée tout en réalisant le prétraite-
ment.

11. Appareil de métallisation selon la revendication 8,
comprenant en outre :

un tube de dérivation (52) disposé sur l’appareil
de désaération (13, 14) dans la voie de circula-
tion de solution de prétraitement pour contrôler
la quantité de solution (Q1) s’écoulant vers l’ap-

pareil de désaération (13, 14).

12. Appareil de métallisation selon la revendication 11,
dans lequel une pression dans un côté de décom-
pression de l’appareil de désaération (13, 14) est
réglée à une basse pression quand une grande
quantité de solution de prétraitement (Q1) s’écoule
à travers le tube de dérivation (52) et est réglée à
une pression élevée quand une petite quantité de
solution de prétraitement (Q1) s’écoule à travers le
tube de dérivation (52).

13. Appareil de métallisation selon la revendication 11
ou 12, comprenant en outre :

un capteur de concentration (20) pour détecter
la concentration des gaz dissous dans la solu-
tion de prétraitement (Q1) avant ou après qu’un
tube passant à travers l’appareil de désaération
(13, 14) et le tube de dérivation (52) soient com-
binés.
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