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(54) Plating apparatus and plating solution management method

(57) A plating apparatus plates a substrate with Sn
alloy to form an Sn alloy film on a surface of the substrate.
The apparatus includes: a plating bath for retaining a
plating solution therein, the substrate being immersed in
the plating solution in a position opposite to an insoluble
anode; a plating solution dialysis line for extracting the
plating solution from the plating bath and returning the
plating solution to the plating bath; a dialysis cell provided

in the plating solution dialysis line and configured to re-
move a free acid from the plating solution by dialysis us-
ing an anion exchange membrane; a free acid concen-
tration analyzer; and a controller for controlling a flow
rate of the plating solution flowing through the plating
solution dialysis line based on the concentration of the
free acid measured by the free acid concentration ana-
lyzer.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a plating appa-
ratus useful for forming a plating film of an Sn alloy, such
as lead-free Sn-Ag having good soldering properties, on
a substrate surface, and to a management method of a
plating solution for use in the plating apparatus.

Description of the Related Art:

[0002] As is known in the art, a plating film of an Sn
alloy (e.g., Sn-Ag), formed on a substrate surface by elec-
troplating, can be used for lead-free solder bumps. An
insoluble anode is typically used as an electrode in plating
the substrate surface with the Sn alloy. The Sn alloy plat-
ing film is formed on the substrate surface by applying a
voltage between the insoluble anode and the substrate
surface, which are disposed opposite to each other and
immersed in a plating solution. The insoluble anode is
also typically used as an electrode when plating the sub-
strate surface with Sn-Cu or Sn-Bi which is the Sn alloy.
[0003] A known method of successively carrying out
plating of substrates with the Sn alloy, such as Sn-Ag,
uses a plating solution containing: (i) a salt or complex
formed from the reaction of Sn ion (Sn2+) and an acid or
a complexing agent (e.g., tin methanesulfonate) capable
of forming a water-soluble salt or complex with Sn ion
(Sn2+); and (ii) a salt or complex formed from the reaction
of Ag ion (Ag+) and an acid or a complexing agent (e.g.,
silver methanesulfonate) capable of forming a water-sol-
uble salt or complex with Ag ion (Ag+). In this method,
the salt(s) or complex(es) is supplied to the plating solu-
tion so as to replenish the plating solution with those met-
al ions (Sn ions and Ag ions) which have been consumed
with the progress of plating (see Japanese Patent No.
4698904).
[0004] Such a metal ion replenishing method has a
problem that, because the metal ion and the free acid
(e.g., methanesulfonic acid) are separated from each
other and the metal ions are consumed by the plating
process, a concentration of the free acid in the plating
solution gradually increases as the plating process
progresses. In order to solve such a problem, there has
been proposed a method in which the free acid is re-
moved from a part of the plating solution using an ion-
exchange resin, electrodialysis, or diffusion dialysis (see
Japanese Laid-Open Patent Publication No.
H1-312099).
[0005] Another proposed method using the insoluble
anode involves subjecting a plating solution, which is be-
ing circulated, to diffusion dialysis to remove the free acid
from the plating solution, thereby controlling a pH of the
plating solution (see Japanese Laid-Open Patent Publi-
cation No. S57-29600). Japanese Laid-Open Patent

Publication No. S59-28584 discloses optimization of liq-
uid supply to an electrolytic cell or a dialysis cell, and
Japanese Patent Laid-Open Publication No. H9-75681
discloses recovery of an acid using the diffusion dialysis
while causing water to flow in a direction opposite to a
flow direction of a raw liquid.
[0006] The method described in the aforementioned
Japanese Laid-Open Patent Publication No. S57-29600
removes the free acid from the plating solution by dialysis
so as to control the pH of the plating solution without
measuring the concentration of the free acid in the plating
solution. It is therefore possible that when plating of sub-
strates is carried out successively while replenishing the
plating solution with metal ions, a too large amount of the
free acid may be removed, resulting in a too low concen-
tration of the free acid in the plating solution, or converse-
ly, a too small amount of the free acid may be removed,
resulting in a too high concentration of the free acid in
the plating solution. Use of the plating solution having a
too low or too high concentration of the free acid could
result in a poor appearance of a plating film and/or non-
uniform film thickness. Such plating solution must be dis-
carded and as a result process costs increase. The same
holds true for the other prior art techniques disclosed  in
the above documents.

SUMMARY OF THE INVENTION

[0007] The present invention has been made in view
of the above situation. It is therefore an object of the
present invention to provide a plating apparatus and a
plating solution management method which can use a
plating solution for a longer period of time by controlling
a concentration of free acid in the plating solution within
a preferable range.
[0008] In order to achieve the object, the present in-
vention provides a plating apparatus for plating a sub-
strate with Sn alloy to form an Sn alloy film on a surface
of the substrate, including: a plating bath for retaining a
plating solution therein and having an insoluble anode
disposed in the plating solution, the substrate being im-
mersed in the plating solution in a position opposite to
the insoluble anode; a plating solution dialysis line for
extracting the plating solution from the plating bath and
returning the plating solution to the plating bath; a dialysis
cell provided in the plating solution dialysis line and con-
figured to remove a free acid from the plating solution by
dialysis using an anion exchange membrane; a free acid
concentration analyzer configured to measure a concen-
tration of the free acid in the plating solution; and a con-
troller for controlling a flow rate of the plating solution
flowing through the plating solution dialysis line, based
on the concentration of the free acid measured by the
free acid concentration analyzer.
[0009] Another aspect of the present invention pro-
vides a plating apparatus for plating a substrate with Sn
alloy to form an Sn alloy film on a surface of the substrate,
including: a plating bath for retaining a plating solution
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therein and having an insoluble anode disposed in the
plating solution, the substrate being immersed in the plat-
ing solution in a position opposite to the insoluble anode;
a plating solution dialysis line for extracting the plating
solution from the plating bath and returning the plating
solution to the plating bath; a dialysis cell provided in the
plating solution dialysis line and  configured to remove a
free acid from the plating solution by dialysis using an
anion exchange membrane; and a controller for control-
ling a flow rate of the plating solution flowing through the
plating solution dialysis line, based on an integrated value
of a quantity of electricity applied to the plating solution
in the plating bath.
[0010] Still another aspect of the present invention pro-
vides a plating solution management method including:
forming an Sn alloy film on a surface of a substrate by
applying a voltage between an insoluble anode and the
substrate disposed opposite to each other in a plating
solution retained in a plating bath; measuring a concen-
tration of a free acid in the plating solution by a free acid
concentration analyzer; extracting the plating solution
from the plating bath through a plating solution dialysis
line and then returning the plating solution to the plating
bath; and removing the free acid from the plating solution
flowing through the plating solution dialysis line by a di-
alysis cell having an anion exchange membrane, while
controlling a flow rate of the plating solution flowing
through the plating solution dialysis line based on the
concentration of the free acid measured by the free acid
concentration analyzer.
[0011] Still another aspect of the present invention pro-
vides a plating solution management method including:
forming an Sn alloy film on a surface of a substrate by
applying a voltage between an insoluble anode and the
substrate disposed opposite to each other in a plating
solution retained in a plating bath; extracting the plating
solution from the plating bath through a plating solution
dialysis line and then returning the plating solution to the
plating bath; and removing a free acid from the plating
solution flowing through the plating solution dialysis line
by a dialysis cell having an anion exchange membrane,
while controlling a flow rate of the plating solution flowing
through the plating solution dialysis line based on an in-
tegrated value of a quantity of electricity applied to the
plating solution in the plating bath.
[0012] According to the present invention, the flow rate
of the plating solution, supplied to the dialysis cell for
removing the free acid from the plating solution, is  con-
trolled based on the analytical value of the concentration
of the free acid in the plating solution or based on the
integrated value of the quantity of electricity applied to
the plating solution in the plating bath. Therefore, plating
can be performed while controlling the concentration of
the free acid in the plating solution in a preferable range.
This makes it possible to extend a life of the plating so-
lution and to form a plating film with good appearance
and good in-plane uniformity of thickness stably over a
longer period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is a schematic view of a plating apparatus
according to an embodiment of the present inven-
tion;
FIG. 2 is a schematic perspective view of a substrate
holder;
FIG. 3 is a plan view of the substrate holder shown
in FIG. 2;
FIG. 4 is a right side view of the substrate holder
shown in FIG. 2;
FIG. 5 is an enlarged view of a portion A of FIG. 4;
FIG. 6 is a schematic view of the plating apparatus
according to another embodiment of the present in-
vention;
FIG. 7 is a schematic view of the plating apparatus
according to yet another embodiment of the present
invention;
FIG. 8 is a graph showing a relationship between an
integrated value (Ah/L) of a quantity of electricity ap-
plied to a plating solution and a concentration of free
acid in the plating solution (g/L), as observed when
plating is carried out while performing dialysis of the
plating solution, and also showing the same relation-
ship but observed when plating is carried out without
dialysis of the plating solution;
FIG. 9 is a graph showing a relationship between the
integrated value (Ah/L) of the quantity of electricity
applied to the plating solution and an in-plane uni-
formity (%) of heights of bumps (thickness of plating
film) on a substrate, as observed when plating  is
carried out while performing dialysis of the plating
solution, and also showing the same relationship but
observed when plating is carried out without dialysis
of the plating solution;
FIGS. 10A through 10F are diagrams each illustrat-
ing a change in a cross-sectional shape of a bump
with the increase in the integrated value of the quan-
tity of electricity applied to the plating solution, as
observed when plating is carried out while perform-
ing dialysis of the plating solution;
FIGS. 11A through 11D are diagrams each illustrat-
ing a change in the cross-sectional shape of the
bump with the increase in the integrated value of the
quantity of electricity applied to the plating solution,
as observed when plating is carried out without di-
alysis of the plating solution;
FIG. 12 is a graph showing a relationship between
a coefficient a (= A/v) [A (m2) represents an effective
area of an anion exchange membrane, and v (L/h)
represents a flow rate of the plating solution supplied
to a dialysis cell] and a removal rate (%) of the free
acid, as observed when plating is carried out while
performing dialysis of the plating solution in the di-
alysis cell;
FIG. 13 is a graph showing a relationship between
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a ratio V/v [V (L/h) represents a flow rate of water
supplied to the dialysis cell, and v (L/h) represents
the flow rate of the plating solution supplied to the
dialysis cell] and the removal rate (%) of the free
acid, as observed when the flow rate of water sup-
plied to the dialysis cell is constant; and
FIG. 14 is a graph showing a relationship between
the ratio V/v [V (L/h) represents the flow rate of water
supplied to the dialysis cell, and v (L/h) represents
the flow rate of the plating solution supplied to the
dialysis cell] and the removal rate (%) of the free
acid, as observed when the flow rate of the plating
solution supplied to the dialysis cell is constant.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0014] Preferred embodiments of the present invention
will now be described in detail with reference to the draw-
ings. The following description illustrates an example in
which a plating film of Sn-Ag alloy is formed on a substrate
surface by using a plating solution using tin methanesul-
fonate solution as a supply source of Sn ion (Sn2+) and
silver methanesulfonate solution as a supply source of
Ag ion (Ag+). The same reference numerals are used in
FIGS. 1 through 7 to refer to the same or like elements,
and duplicate descriptions thereof are omitted.
[0015] FIG. 1 is a schematic view of a plating apparatus
according to an embodiment of the present invention. As
shown in FIG. 1, the plating apparatus includes a plating
bath 10 for retaining a plating solution Q therein, an anode
holder 14 for holding an insoluble anode 12 (which may
be made of titanium) and disposing it at a predetermined
position in the plating bath 10 while immersing the insol-
uble anode 12 in the plating solution Q, and a substrate
holder 16 for removably holding a substrate W and dis-
posing it at a predetermined position, opposite to the in-
soluble anode 12, in the plating bath 10 while immersing
the substrate in the plating solution Q.
[0016] When plating of the substrate W is performed,
the insoluble anode 12 is electrically connected to a pos-
itive electrode of a plating power source 18, while a con-
ductive layer (not shown), such as a seed layer, formed
on a surface of the substrate W is coupled to a negative
electrode of the plating power source 18. A plating film
of Sn-Ag alloy is formed by plating on the surface of the
conductive layer. This plating film can be used for pro-
duction of lead-free solder bumps.
[0017] The plating bath 10 includes an inner bath 20
for storing the plating solution Q therein, and an overflow
bath 22 surrounding the inner bath 20. The plating solu-
tion Q overflows a top of the inner bath 20 into the over-
flow bath 22. One end of a plating solution circulation line
32 is coupled to a bottom of the overflow bath 22. This
plating solution circulation line 32 is provided with a pump
24, a heat exchanger (heat  regulator) 26, a filter 28, and
a flow meter 30. The other end of the plating solution
circulation line 32 is coupled to a bottom of the inner bath

20 via a plating solution return pipe 34.
[0018] In the plating bath 10, a regulation plate 36 for
regulating an electric potential distribution in the plating
bath 10 is disposed between the insoluble anode 12 and
the substrate holder 16 disposed in the plating bath 10.
In this embodiment the regulation plate 36 is made of
polyvinyl chloride, which is a dielectric material, and has
a central opening 36a having such a size so as to suffi-
ciently regulate expansion of an electric field. The regu-
lation plate 36 has its lower end that reaches the bottom
of the plating bath 10.
[0019] Located between the substrate holder 16 and
the regulation plate 36 in the plating bath 10, there is
provided a vertically-extending agitating paddle (agitat-
ing tool) 38 which reciprocates parallel to the substrate
W, held by the substrate holder 16, to agitate the plating
solution Q existing between the substrate holder 16 and
the regulation plate 36. By agitating the plating solution
Q by means of the agitating paddle 38, a sufficient
amount of ions can be supplied uniformly to the surface
of the substrate W.
[0020] A plating solution supply pipe 44 for supplying
the plating solution Q to a dialysis cell 42, which has an
anion exchange membrane 40 therein, is coupled to the
plating solution return pipe 34 of the plating solution cir-
culation line 32. A plating solution discharge pipe 46 ex-
tending from the dialysis cell 42 is coupled to a top of the
overflow bath 22. The plating solution supply pipe 44 and
the plating solution discharge pipe 46 constitute a plating
solution dialysis line 48, which is coupled to the plating
solution circulation line 32 and takes a part of the plating
solution Q out of the plating solution circulation line 32
to allow the plating solution to circulate therethrough. The
plating solution supply pipe 44 is provided with a flow
meter 50 and a plating solution flow control valve 52 as
a plating solution flow control mechanism. A water supply
line 54 for supplying water (pure water) into the dialysis
cell 42 is coupled to the  dialysis cell 42. The water supply
line 54 is provided with a flow meter 56 and a water flow
control valve 58 as a water flow control mechanism. A
drainage line 60 is coupled to the dialysis cell 42.
[0021] The plating solution Q, flowing through the plat-
ing solution dialysis line 48, is supplied into the dialysis
cell 42, where a free acid (e.g., methanesulfonic acid) is
removed by dialysis using the anion exchange mem-
brane 40. The plating solution Q after dialysis is returned
to the overflow bath 22. The free acid that has been re-
moved from the plating solution Q by the dialysis diffuses
in the water (the pure water) supplied into the dialysis
cell 42 through the water supply line 54, and is discharged
to the exterior of the dialysis cell 42 through the drainage
line 60.
[0022] The anion exchange membrane 40 used in this
embodiment is DSV (an effective area is 0.0172 m2) man-
ufactured by AGC Engineering Co., Ltd. An arbitrary
number (e.g., 19) of such membranes may be incorpo-
rated in the dialysis cell 42 depending on the amount of
the plating solution to be dialyzed (the amount of the free
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acid to be removed).
[0023] A plating solution extraction pipe 66 of a plating
solution analysis line 64, which is provided with a free
acid concentration analyzer 62, is coupled to the plating
solution return pipe 34 of the plating solution circulation
line 32. An extract discharge pipe 68 extending from the
free acid concentration analyzer 62 is coupled to the top
of the overflow bath 22. A part of the plating solution Q,
circulating through the plating solution circulation line 32,
is extracted through the plating solution extraction pipe
66 and fed to the free acid concentration analyzer 62,
where the concentration of the free acid in the plating
solution Q is measured. The plating solution after meas-
urement is returned to the overflow bath 22.
[0024] A replenisher solution supply line 69 for supply-
ing a replenisher solution is coupled to the top of the
overflow bath 22. A plating solution and metal ion (i.e.,
tin methanesulfonate solution as a supply source of Sn
ion Sn2+ and silver  methanesulfonate solution as a sup-
ply source of Ag ion Ag+) are supplied through the re-
plenisher solution supply line 69 into the plating solution
Q circulating through the plating solution circulation line
32.
[0025] Results of analysis (analytical value of the con-
centration of the free acid) by the free acid concentration
analyzer 62 and results of measurement by the flow me-
ters 30, 50, 56 are inputted into a controller 70. Based
on outputs from the controller 70, an opening degree of
the plating solution flow control valve (the plating solution
flow control mechanism) 52 and an opening degree of
the water flow control valve (the water flow control mech-
anism) 58 are adjusted so as to regulate the flow rate of
the plating solution Q flowing through the plating solution
dialysis line 48 into the dialysis cell 42 and the flow rate
of the water flowing through the water supply line 54 into
the dialysis cell 42.
[0026] As shown in FIGS. 2 through 5, the substrate
holder 16 includes a first holding member (base holding
member) 154 having a rectangular plate shape and made
of e.g., vinyl chloride, and a second holding member
(movable holding member) 158 rotatably coupled to the
first holding member 154 through a hinge 156 which al-
lows the second holding member 158 to open and close
with respect to the first holding member 154. Although in
this embodiment the second holding member 158 is con-
figured to be openable and closable through the hinge
156, it is also possible to dispose the second holding
member 158 opposite to the first holding member 154
and to move the second holding member 158 away from
and toward the first holding member 154 to thereby open
and close the second holding member 158.
[0027] The second holding member 158 includes a
base portion 160 and a ring-shaped seal holder 162. The
seal holder 162 is made of vinyl chloride so as to enable
a retaining ring 164, which will be described later, to slide
well. A substrate-side sealing member 166 is fixed to an
upper surface of the seal holder 162. This substrate-side
sealing member 166 is placed in pressure contact with

a periphery of the surface of the  substrate W to seal a
gap between the substrate W and the second holding
member 158 when the substrate W is held by the sub-
strate holder 16. A holder-side sealing member 168 is
fixed to a surface, facing the first holding member 154,
of the seal holder 162. This holder-side sealing member
168 is placed in pressure contact with the first holding
member 154 to seal a gap between the first holding mem-
ber 154 and the second holding member 158. The holder-
side sealing member 168 is located outwardly of the sub-
strate-side sealing member 166.
[0028] As shown in FIG. 5, the substrate-side sealing
member 166 is sandwiched between the seal holder 162
and a first mounting ring 170a which is secured to the
seal holder 162 by fastening tools 169a, such as bolts.
The holder-side sealing member 168 is sandwiched be-
tween the seal holder 162 and a second mounting ring
170b which is secured to the seal holder 162 by fastening
tools 169b, such as bolts.
[0029] The seal holder 162 of the second holding mem-
ber 158 has a stepped portion at a periphery thereof, and
the retaining ring 164 is rotatably mounted to the stepped
portion via a spacer 165. The retaining ring 164 is ines-
capably held by an outwardly projecting retaining plates
172 (see FIG. 3) mounted to a side surface of the seal
holder 162. This retaining ring 164 is made of a material
(e.g., titanium) having high rigidity and excellent acid and
alkali corrosion resistance and the spacer 165 is made
of a material having a low friction coefficient, for example
PTFE, so that the retaining ring 164 can rotate smoothly.
[0030] Inverted L-shaped clampers 174, each having
an inwardly projecting portion and located outside of the
retaining ring 164, are provided on the first holding mem-
ber 154 at equal intervals along a circumferential direc-
tion of the retaining ring 164. The retaining ring 164 has
outwardly projecting portions 164b along the circumfer-
ential direction of the retaining ring 164 at positions cor-
responding to positions of the clampers 174. A lower sur-
face of the inwardly projecting portion of each clamper
174 and an upper surface of each projecting portion 164b
of the retaining ring 164 are  tapered in opposite direc-
tions along the rotational direction of the retaining ring
164. A plurality (e.g., three) of upwardly protruding dots
164a are provided on the retaining ring 164 in predeter-
mined positions along the circumferential direction of the
retaining ring 164. The retaining ring 164 can be rotated
by pushing and moving each dot 64a from a lateral di-
rection by means of a rotating pin (not shown).
[0031] When the second holding member 158 is open,
the substrate W is inserted into the central portion of the
first holding member 154, and the second holding mem-
ber 158 is then closed through the hinge 156. Subse-
quently the retaining ring 164 is rotated clockwise so that
each projecting portion 164b of the retaining ring 164
slides into the inwardly projecting portion of each clamper
174. As a result, the first holding member 154 and the
second holding member 158 are fastened to each other
and locked by engagement between the tapered surfac-
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es of the retaining ring 164 and the tapered surfaces of
the clampers 174. The lock can be released by rotating
the retaining ring 164 counterclockwise and to disengage
the projecting portions 164b of the retaining ring 164 from
the inverted L-shaped clampers 174. When the second
holding member 158 is locked in the above-described
manner, the lower end of the inner downwardly-protrud-
ing portion of the substrate-side sealing member 166 is
placed in pressure contact with the periphery of the sur-
face of the substrate W held by the substrate holder 16,
while the lower end of the outer downwardly-protruding
portion of the holder-side sealing member 168 is placed
in pressure contact with the surface of the first holding
member 154, whereby the sealing members 166 and 168
are uniformly pressed to seal the gap between the sub-
strate W and the second holding member 158 and the
gap between the first holding member 154 and the sec-
ond holding member 158, respectively.
[0032] A protruding portion 182 is formed on the central
portion of the first holding member 154 so as to protrude
in a ring shape corresponding to a size of the substrate
W. The protruding portion 182 has a support surface 180
which is placed in contact with  the periphery of the sub-
strate W to support the substrate W. The protruding por-
tion 182 has recesses 184 arranged at predetermined
positions along a circumferential direction of the protrud-
ing portion 182.
[0033] As shown in FIG. 3, a plurality of electrical con-
ductors (electrical contacts) 186 (e.g., 12 conductors as
illustrated), coupled respectively to wires extending from
external contacts provided in a hand 190, are disposed
in the recesses 184 of the protruding portion 182. When
the substrate W is placed on the support surface 180 of
the first holding member 154, ends of the electrical con-
ductors 186 are exposed in a springy state on the surface
of the first holding member 154 at positions beside the
substrate W to contact lower portions of the electrical
contacts 188 shown in FIG. 5.
[0034] The electrical contacts 188, to be electrically
connected to the electrical conductors 186, are secured
to the seal holder 162 of the second holding member 158
by fastening tools 189, such as bolts. The electrical con-
tacts 188 each have a leaf spring-like contact portion
lying outside the substrate-side sealing member 166 and
projecting inwardly. This contact portion is springy and
bends easily. When the substrate W is held by the first
holding member 154 and the second holding member
158, the contact portions of the electrical contacts 188
make elastic contact with the peripheral surface of the
substrate W supported on the support surface 180 of the
first holding member 154.
[0035] The second holding member 158 is opened and
closed by a not-shown pneumatic cylinder and by the
weight of the second holding member 158 itself. More
specifically, the first holding member 154 has a through-
hole 154a, and a pneumatic cylinder is provided so as to
face the through-hole 154a. The second holding member
158 is opened by extending a piston rod of the pneumatic

cylinder to lift up a pressing rod through the through-hole
154a to push up the seal holder 162 of the second holding
member 158. The second holding member 158 is closed
by its own weight when the piston rod is retracted.
[0036] A pair of approximately T-shaped hands 190 is
connected to the ends of the first holding member 154
of the substrate holder 16. These hands 190 serve as a
support when the substrate holder 16 is transported and
when the substrate holder 16 is held in a suspended
state.
[0037] In this embodiment the opening degree of the
plating solution flow control valve 52 and the opening
degree of the water flow control valve 58 are adjusted
based on the concentration of the free acid measured by
the free acid concentration analyzer 62 so as to control
the flow rate of the plating solution Q flowing through the
plating solution dialysis line 48 into the dialysis cell 42
and the flow rate of water flowing through the water sup-
ply line 54 into the dialysis cell 42, thereby controlling the
amount of the free acid removed. The concentration of
the free acid in the plating solution Q for use in the plating
process is controlled in the preferable range of, e.g., 60
to 250 g/L.
[0038] In operation, while the pump 24 is driven and
the plating solution Q in the plating bath 10 circulates
through the plating solution circulation line 32, the sub-
strate W held by the substrate holder 16 is disposed at
a predetermined position in the plating bath 10, and the
insoluble anode 12 is connected to the positive electrode
of the plating power source 18 and a surface conductive
layer, such as a seed layer, of the substrate W is con-
nected to the negative electrode of the plating power
source 18 to thereby initiate plating of the substrate W.
At this time, the plating solution flow control valve 52 and
the water flow control valve 58 are in a closed state.
[0039] As the plating solution Q in the plating bath 10
circulates through the plating solution circulation line 32
in this manner, a part of the plating solution Q is extracted
through the plating solution extraction pipe 66 and fed to
the free acid concentration analyzer 62, where the con-
centration of the free acid in the plating solution Q is an-
alyzed several times a day, for example. The results of
analysis (the analytical values of the concentration of the
free acid) are inputted into the controller 70.
[0040] Based on the results of analysis (analytical val-
ues of the concentration of the  free acid) by the free acid
concentration analyzer 62, the controller 70 sends sig-
nals respectively to the plating solution flow control valve
52 and to the water flow control valve 58 in order to adjust
the opening degree of the plating solution flow control
valve 52 and the opening degree of the water flow control
valve 58 so that the concentration of the free acid in the
plating solution Q for use in the plating process lies in
the range of, e.g., 60 to 250 g/L. In this manner, the con-
centration of the free acid in the plating solution Q is con-
trolled, e.g., in the range of 60 to 250 g/L, by controlling
the flow rate of the plating solution which is fed through
the plating solution dialysis line 48 to the dialysis cell 42
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that removes the free acid (methanesulfonic acid) from
the plating solution, and also controlling the flow rate of
water for use in the removal of the free acid (methanesul-
fonic acid). The opening degree of the plating solution
flow control valve 52 and the opening degree of the water
flow control valve 58 are adjusted every time the concen-
tration of the free acid in the plating solution Q is analyzed
by the free acid concentration analyzer 62.
[0041] By thus controlling the flow rate of the plating
solution flowing through the plating solution dialysis line
48, which has the dialysis cell 42 for removing the free
acid from the plating solution, based on the concentration
of the free acid measured by the free acid concentration
analyzer 62, plating can be performed with the controlled
concentration of the free acid in the plating solution, e.g.,
in the preferable range of 60 to 250 g/L.
[0042] According to this embodiment, the free acid can
be removed from the plating solution under the condition
of the controlled flow rate of the plating solution flowing
through the plating solution dialysis line 48, while the plat-
ing solution is circulating through the plating solution cir-
culation line 32.
[0043] It is preferable to adjust the opening degree of
the plating solution flow control valve 52 such that a co-
efficient a (= A/v) [A (m2) represents the effective area
of the anion exchange membrane 40 of the dialysis cell
42, and v (L/h) represents the flow rate  of the plating
solution supplied through the plating solution dialysis line
48 to the dialysis cell 42] lies in the range of 0.3 to 0.7 (a
= 0.3 to 0.7). Further, it is preferable to adjust the opening
degree of the water flow control valve 58 such that a ratio
V/v [V (L/h) represents the flow rate of water supplied
through the water supply line 54 into the dialysis cell 42,
and v (L/h) represents the flow rate of the plating solution
supplied through the plating solution dialysis line 48 to
the dialysis cell 42] lies in the range of 0.3 to 1 (V/v = 0.3
to 1, i.e., V is 30% to 100% of v).
[0044] In this embodiment the controller 70 calculates
an integrated value of a quantity of electricity applied to
the plating solution Q in the plating bath 10. The "quantity
of electricity applied to the plating solution Q" herein re-
fers to the product of an electric current, which flows from
the positive electrode to the negative electrode of the
plating power source 18 via the insoluble anode 12, the
plating solution Q, and the surface conductive layer of
the substrate W, and a period of time of the application
of the electric current. The "integrated value" herein re-
fers to the total quantity of electricity applied to the plating
solution Q during a period of time from supply of a fresh
plating solution Q into the plating bath 10 to withdrawal
of that plating solution Q from the plating bath 10. The
free acid in the plating solution Q is produced, as the
metal ions in the plating solution Q are consumed by
plating. Thus, the integrated value of the quantity of elec-
tricity applied to the plating solution Q can give an indi-
cation of an increase in the concentration of the free acid.
Therefore, based on the integrated value of the quantity
of electricity applied to the plating solution Q, the control-

ler 70 sends signals respectively to the plating solution
flow control valve 52 and to the water flow control valve
58 in order to adjust the opening degree of the plating
solution flow control valve 52 and the opening degree of
the water flow control valve 58 such that the concentra-
tion of the free acid in the plating solution Q lies in the
range of, e.g., 60 to 250 g/L. For example, plating may
be carried out in the following manner. Plating of sub-
strates is performed successively using a predetermined
amount  of the plating solution Q while replenishing it with
metal ions. When the integrated value of the quantity of
electricity applied to the plating solution has reached a
predetermined value, the plating solution flow control
valve 52 and the water flow control valve 58 are each
opened to a certain degree to carry out dialysis of the
plating solution, so that the free acid is removed.
[0045] Also by thus controlling the flow rate of the plat-
ing solution Q flowing through the plating solution dialysis
line 48, which has the dialysis cell 42 for removing the
free acid from the plating solution, based on the integrat-
ed value of the quantity of electricity applied to the plating
solution Q in the plating bath 10, plating can be performed
while controlling the concentration of the free acid in the
plating solution in the preferable range of, e.g., 60 to 250
g/L.
[0046] In this embodiment, based on at least one of
the concentration of the free acid, measured by the free
acid concentration analyzer 62, and the integrated value
of the quantity of electricity applied to the plating solution
Q, the controller 70 sends signals respectively to the plat-
ing solution flow control valve 52 and to the water flow
control valve 58 in order to adjust the opening degree of
the plating solution flow control valve 52 and the opening
degree of the water flow control valve 58 so that the con-
centration of the free acid in the plating solution Q lies in
the range of, e.g., 60 to 250 g/L. The plating solution flow
control valve 52 and the water flow control valve 58 may
be controlled based on only one of the concentration of
the free acid, measured by the free acid concentration
analyzer 62, and the integrated value of the quantity of
electricity applied to the plating solution Q.
[0047] Instead of the plating solution flow control valve
52 and the water flow control valve 58, it is possible to
use on-off valves which are each on-off controllable by
means of a timer and which respectively constitute the
plating solution flow control mechanism and the water
flow control mechanism. Thus, the flow rate of the plating
solution Q flowing through the plating solution dialysis
line 48 into the dialysis cell 42  and the flow rate of water
flowing through the water supply line 54 into the dialysis
cell 42 may be controlled by the use of the plating solution
flow control mechanism and the water flow control mech-
anism, including the on-off valves.
[0048] FIG. 6 is a schematic view of a plating apparatus
according to another embodiment of the present inven-
tion. This embodiment differs from the embodiment
shown in FIG. 1 in that the plating solution dialysis line
48 is provided with an on-off valve 80 and a first tube
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pump 82, both constituting the plating solution flow con-
trol mechanism, instead of the plating solution flow con-
trol valve 52, and that the water supply line 54 is provided
with an on-off valve 84 and a second tube pump 86, both
constituting the water flow control mechanism, instead
of the water flow control valve 58. The controller 70 con-
trols the plating solution flow control mechanism, i.e., the
on-off valve 80 and the first tube pump 82, and the water
flow control mechanism, i.e., the on-off valve 84 and the
second tube pump 86.
[0049] According to this embodiment, the controller 70
can regulate the flow rate of the plating solution flowing
through the plating solution dialysis line 48 by controlling
the first tube pump 82 with the on-off valve 80 opened.
The controller 70 can further regulate the flow rate of the
water flowing through the water supply line 54 by con-
trolling the second tube pump 86 with the on-off valve 84
opened.
[0050] FIG. 7 is a schematic view of the plating appa-
ratus according to yet another embodiment of the present
invention. This embodiment differs from the embodiment
shown in FIG. 6 in that, instead of coupling the plating
solution supply pipe 44 of the plating solution dialysis line
48 to the plating solution return pipe 34 of the plating
solution circulation line 32, the plating solution supply
pipe 44 extends from the bottom of the overflow bath 22.
According to this embodiment, a part of the plating solu-
tion Q that has flown into and accumulated in the overflow
bath 22 can be supplied through the plating solution di-
alysis line 48 to the dialysis cell 42 and, after the free
acid is removed by the dialysis cell 42, can be returned
to the overflow bath 22.
[0051] In order to verify that the free acid (methanesul-
fonic acid) in the plating solution can be removed by the
apparatus of the present invention, an experiment was
conducted using a dialysis cell incorporating nine anion
exchange membranes, each being a commercially-avail-
able DSV (an effective area is 0.0172 m2) manufactured
by AGC Engineering Co., Ltd. The plating solution was
supplied to the dialysis cell at a flow rate of 2.9 ml/min,
while pure water was supplied to the dialysis cell at a flow
rate of 2.9 ml/min. Thus, the coefficient a (= A/v) [A (m2)
is the effective area of the anion exchange membrane of
the dialysis cell, and v (L/h) is the flow rate of the plating
solution supplied to the dialysis cell] is 0.9 (a = A/v = 0.9).
Further, the ratio V/v [V (L/h) is the flow rate of water
supplied to the dialysis cell, and v (L/h) is the flow rate
of the plating solution supplied to the dialysis cell] is 1
(V/v = 1, i.e., V is 100% of v).
[0052] As a result of the experiment, the concentration
of the free acid in the plating solution, which was 242 g/L
before dialysis, decreased to 45 g/L after dialysis. This
result showed the fact that the free acid can be removed
from the plating solution. However, the plating solution
after dialysis was so cloudy that it was not suitable for
use in plating. As is appreciated from this fact, the plating
solution containing the free acid with a concentration of
less than 60 g/L is not suitable for use in plating, and the

concentration of the free acid in the plating solution
should preferably be not less than 60 g/L, more preferably
not less than 80 g/L.
[0053] A further experiment for examining the removal
of the free acid from the plating solution was conducted
using a dialysis cell having a reduced total area of ion
exchange membranes, more specifically using a dialysis
cell incorporating five anion exchange membranes, each
being a commercially-available DSV (an effective area
is 0.0172 m2) manufactured by AGC Engineering Co.,
Ltd. The plating solution was supplied to the dialysis cell
at a flow rate of 2.9 ml/min, while pure water was supplied
to the dialysis cell at a flow rate of 1.7 ml/min. Thus, the
coefficient a (= A/v) [A (m2) is the effective area of the
anion exchange membrane of the dialysis cell, and v (L/h)
is  the flow rate of the plating solution supplied to the
dialysis cell] is 0.45 (a = A/v = 0.45). Further, the ratio
V/v [V (L/h) is the flow rate of the water supplied to the
dialysis cell, and v (L/h) is the flow rate of the plating
solution supplied to the dialysis cell] is 0.59 (V/v = 0.59,
i.e., V is 59% of v).
[0054] As a result of the experiment, the concentration
of the free acid in the plating solution, which was 256 g/L
before dialysis, decreased to 115 g/L after dialysis.
[0055] A further experiment was conducted in the
same manner as in the preceding experiment except that
the flow rate of the pure water supplied to the above-
described dialysis cell incorporating five anion exchange
membranes was changed from 1.7 ml/min to 1.23 ml/min.
The flow rate of the plating solution supplied to the dial-
ysis cell was maintained at 2.9 ml/min. Thus, the coeffi-
cient a (= A/v) [A (m2) is the effective area of the anion
exchange membrane of the dialysis cell, and v (L/h) is
the flow rate of the plating solution supplied to the dialysis
cell] is 0.45 (a = A/v = 0.45). Further, the ratio V/v [V (L/h)
is the flow rate of water supplied to the dialysis cell, and
v (L/h) is the flow rate of the plating solution supplied to
the dialysis cell] is 0.42 (V/v = 0.42, i.e., V is 42% of v).
[0056] As a result of the experiment, the concentration
of the free acid in the plating solution, which was 256 g/L
before dialysis, decreased to 150 g/L after dialysis. It can
be seen from this result that the free acid removal effect
is lowered by reducing the flow rate of the water supplied
to the dialysis cell.
[0057] An experiment was conducted to examine the
effect of the concentration of the free acid in the plating
solution on formation of a plating film on a substrate sur-
face. A plating film, which was for forming bumps, was
formed on a substrate surface in a single plating bath
(volume 28L). Plating of the substrate was carried out
while applying electricity to the plating solution at 8.7 Ah/L
per day and performing the dialysis (for removing the free
acid) of the plating solution in the dialysis cell. For com-
parison, plating of a substrate was carried out without
performing the dialysis of the  plating solution. Measure-
ments were made to determine a change in the concen-
tration of the free acid in the plating solution and a change
in the uniformity (in-plane uniformity) of the heights of

13 14 



EP 2 664 692 A2

9

5

10

15

20

25

30

35

40

45

50

55

bumps (thickness of the plating film) over the entire sub-
strate surface with the change (the increase) in the inte-
grated value of the quantity of electricity applied to the
plating solution.
[0058] The dialysis was performed by using a dialysis
cell incorporating 19 anion exchange membranes, each
being a commercially-available DSV (the effective area
is 0.0172 m2) manufactured by AGC Engineering Co.,
Ltd. The flow rate of the plating solution and the flow rate
of the water were controlled by tube pumps so that the
plating solution was supplied to the dialysis cell at a flow
rate of 9 to 10 ml/min and the pure water was supplied
to the dialysis cell at a flow rate of 6 to 7 ml/min. Thus,
the coefficient a (= A/v) [A (m2) is the effective area of
the anion exchange membrane of the dialysis cell, and
v (L/h) is the flow rate of the plating solution supplied to
the dialysis cell] is 0.5 to 0.6 (a = A/v = 0.5 to 0.6). Further,
the ratio V/v [V (L/h) is the flow rate of the water supplied
to the dialysis cell, and v (L/h) is the flow rate of the plating
solution supplied to the dialysis cell] is 0.6 to 0.8 (V/v =
0.6 to 0.8, i.e., V is 60% to 80% of v).
[0059] The dialysis was started when the integrated
value of the quantity of electricity applied to the plating
solution had exceeded 20 Ah/L. The application of elec-
tricity to the plating solution was stopped when the inte-
grated value of the quantity of electricity had reached 59
Ah/L because the concentration of the free acid in the
plating solution almost reached 200 g/L. Then the dialysis
of the plating solution was performed for 24 hours without
the application of electricity to thereby lower the concen-
tration of the free acid in the plating solution.
[0060] FIG. 8 shows a relationship between the inte-
grated value (Ah/L) of the quantity of electricity applied
to the plating solution and the concentration of the free
acid in the plating solution (g/L), determined by the above
experiment in which plating was carried  out while per-
forming the dialysis of the plating solution, and also
shows the same relationship but determined by the com-
parative experiment in which plating was carried out with-
out dialysis of the plating solution. FIG. 9 shows a rela-
tionship between the integrated value (Ah/L) of the quan-
tity of electricity applied to the plating solution and the in-
plane uniformity (%) of the heights of bumps (i.e., the
thickness of the plating film), determined by the above
experiment in which plating was carried out while per-
forming the dialysis of the plating solution, and also
shows the same relationship but determined by the com-
parative experiment in which plating was carried out with-
out dialysis of the plating solution.
[0061] As can be seen in FIGS. 8 and 9, the concen-
tration of the free acid in the plating solution can be con-
trolled at a level of not more than 200 g/L and the in-plane
uniformity of the heights of bumps can be controlled at a
level of not more than 10% by performing the dialysis of
the plating solution (i.e., the removing process of the free
acid). In contrast, without the dialysis of the plating solu-
tion, the concentration of the free acid in the plating so-
lution exceeds 250 g/L and the in-plane uniformity of the

heights of the bumps exceeds 10% with the increase in
the integrated value of the quantity of electricity applied
to the plating solution.
[0062] The in-plane uniformity of the heights of bumps
is generally required to be not more than 10%. As can
be seen from the data in FIGS. 8 and 9, the in-plane
uniformity can be controlled at a level of not more than
10% by controlling the concentration of the free acid in
the plating solution at a level of not more than 250 g/L,
preferably not more than 200 g/L, more preferably not
more than 170 g/L. Therefore, in each of the above-de-
scribed plating apparatuses, the concentration of the free
acid in the plating solution may be controlled at a level
of not more than 250 g/L, preferably not more than 200
g/L, more preferably not more than 170 g/L. On the other
hand, as described above, the concentration of the free
acid in the plating solution is preferably controlled at a
level of not less than 60 g/L, more preferably not less
than 80 g/L in  order to prevent the plating solution from
becoming too cloudy for use in plating.
[0063] FIGS. 10A through 10F each illustrates a
change in a schematic cross-sectional shape of the bump
(the plating film) with the increase in the integrated value
of the quantity of electricity applied to the plating solution,
as observed in the above experiment in which plating
was carried out while performing the dialysis of the plating
solution. More specifically, FIGS. 10A through 10F illus-
trate the cross-sectional shapes of the bumps (the plating
films) formed on substrates when the integrated value of
the quantity of electricity applied to the plating solution
was 0 Ah/L (FIG. 10A), 20 Ah/L (FIG. 10B), 40 Ah/L (FIG.
10C), 59 Ah/L (FIG. 10D), 80 Ah/L (FIG. 10E), and 130
Ah/L (FIG. 10F), respectively.
[0064] As can be seen from FIGS. 10A through 10F,
the bump (plating film) has a normal shape or appearance
when the integrated value of the quantity of electricity
applied to the plating solution is not more than 80 Ah/L.
A poor appearance of the bump (plating film) shown in
FIG. 10F is considered to be due to the fact that coars-
ening of crystal grains occurs when the integrated value
of the quantity of electricity applied to the plating solution
reaches 130 Ah/L, resulting in roughened surface of the
bump.
[0065] FIGS. 11A through 11D each illustrates the
change in the schematic cross-sectional shape of the
bump (plating film) with the increase in the integrated
value of the quantity of electricity applied to the plating
solution, as observed in the above experiment (compar-
ative test) in which plating was carried out without the
dialysis of the plating solution. More specifically, FIGS.
11A through 11D illustrate the cross-sectional shapes of
the bumps (plating films) formed on substrates when the
integrated value of the quantity of electricity applied to
the plating solution was 0 Ah/L (FIG. 11A), 19 Ah/L (FIG.
11B), 59 Ah/L (FIG. 11C), and 100 Ah/L (FIG. 11D), re-
spectively.
[0066] As can be seen from FIGS. 11A through 11D,
a roughened surface of the bump  (plating film) was ob-
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served when the integrated value of the quantity of elec-
tricity applied to the plating solution reached 59 Ah/L. A
more roughened surface of the bump (plating film) was
observed when the integrated value reached 100 Ah/L.
Such a roughened surface of the bump (plating film) is
considered to be due to a decrease in Ag in the bump
(plating film) with the increase in the concentration of the
free acid in the plating solution.
[0067] FIG. 12 is a graph showing a relationship be-
tween the coefficient a (= A/v) [A (m2) is the effective area
of the anion exchange membrane, and v (L/h) is the flow
rate of the plating solution supplied to the dialysis cell]
and a removal rate (%)of the free acid, determined by
the above experiment in which plating was carried out
while performing the dialysis of the plating solution (i.e.,
the removing process of the free acid) in the dialysis cell
incorporating the 19 anion exchange membranes. The
flow rate of the water supplied to the dialysis cell was 6.3
ml/min.
[0068] As can be seen from FIG. 12, the removal rate
of the free acid can be controlled in an appropriate range
of about 30% to 65% by controlling the coefficient a (=
A/v) in the range of 0.3 to 0.7. The same holds true for
the above-described plating apparatuses. That is, the re-
moval rate of the free acid can be controlled in the ap-
propriate range of about 30% to 65% by regulating the
opening degree of the plating solution flow control valve
52 so that the coefficient a (= A/v) [A (m2) is the effective
area of the anion exchange membrane 40 of the dialysis
cell 42, and v (L/h) is the flow rate of the plating solution
supplied through the plating solution dialysis line 48 to
the dialysis cell 42] lies in the range of 0.3 to 0.7 (i.e., a
= 0.3 to 0.7).
[0069] FIGS. 13 and 14 are graphs each showing a
relationship between the ratio V/v [V (L/h) is the flow rate
of the water supplied to the dialysis cell, and v (L/h) rep-
resents the flow rate of the plating solution supplied to
the dialysis cell] and the removal rate of the free acid,
determined by the above experiment in which plating was
carried out while performing the dialysis of the plating
solution in the dialysis cell incorporating the  19 anion
exchange membranes. FIG. 13 shows the relationship
observed when the flow rate of the plating solution sup-
plied to the dialysis cell was changed while keeping the
flow rate of the water supplied to the dialysis cell constant
at 6.3 ml/min. FIG. 14 shows the relationship observed
when the flow rate of the water supplied to the dialysis
cell was changed while keeping the flow rate of the plating
solution supplied to the dialysis cell constant at 10.3
ml/min.
[0070] As can be seen from FIGS. 13 and 14, the re-
moval rate of the free acid can be controlled in the ap-
propriate range of about 30% to 65% by controlling the
ratio V/v in the range of 0.3 to 1. The same holds true for
the above-described plating apparatuses. That is, the re-
moval rate of the free acid can be controlled in the ap-
propriate range of about 30% to 65% by regulating the
opening degree of the water flow control valve 58 so that

the ratio V/v [V (L/h) is the flow rate of the water supplied
through the water supply line 54 into the dialysis cell 42,
and v (L/h) is the flow rate of the plating solution supplied
through the plating solution dialysis line 48 into the dial-
ysis cell 42] lies in the range of 0.3 to 1 (i.e., V/v = 0.3 to
1, i.e., V is 30% to 100% of v).
[0071] While the present invention has been described
with reference to preferred embodiments, it is understood
that the present invention is not limited to the embodi-
ments described above, but is capable of various chang-
es and modifications within the scope of the inventive
concept as expressed herein.

Claims

1. A plating apparatus for plating a substrate with Sn
alloy to form an Sn alloy film on a surface of the
substrate, comprising:

a plating bath for retaining a plating solution
therein and having an insoluble anode disposed
in the plating solution, the substrate being im-
mersed in the plating solution in a position op-
posite to the insoluble anode;
a plating solution dialysis line for extracting the
plating solution from the plating bath and return-
ing the plating solution to the plating bath;
a dialysis cell provided in the plating solution di-
alysis line and configured to remove a free acid
from the plating solution by dialysis using an an-
ion exchange membrane;
a free acid concentration analyzer configured to
measure a concentration of the free acid in the
plating solution; and
a controller for controlling a flow rate of the plat-
ing solution flowing through the plating solution
dialysis line, based on the concentration of the
free acid measured by the free acid concentra-
tion analyzer.

2. The plating apparatus according to claim 1, further
comprising:

a plating solution circulation line for extracting
the plating solution from the plating bath and re-
turning the plating solution to the plating bath
during plating of the substrate, the plating solu-
tion dialysis line being coupled to the plating so-
lution circulation line.

3. The plating apparatus according to claim 1, wherein
the controller is configured to control the flow rate of
the plating solution flowing through the plating solu-
tion dialysis line such that the concentration of the
free acid in the plating solution  lies in a range of 60
to 250 g/L.
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4. The plating apparatus according to claim 1, wherein
the plating solution dialysis line is provided with a
plating solution flow control mechanism located be-
tween the plating bath and the dialysis cell, and the
controller is configured to control the plating solution
flow control mechanism such that a coefficient lies
in a range of 0.3 to 0.7, the coefficient being deter-
mined by dividing an effective area (m2) of the anion
exchange membrane by the flow rate (L/h) of the
plating solution.

5. The plating apparatus according to claim 4, further
comprising:

a water supply line coupled to the dialysis cell
and provided with a water flow control mecha-
nism,
wherein the controller is configured to control
the water flow control mechanism such that a
flow rate of water, supplied through the water
supply line into the dialysis cell, is 30% to 100%
of the flow rate of the plating solution supplied
through the plating solution dialysis line into the
dialysis cell.

6. A plating apparatus for plating a substrate with Sn
alloy to form an Sn alloy film on a surface of the
substrate, comprising:

a plating bath for retaining a plating solution
therein and having an insoluble anode disposed
in the plating solution, the substrate being im-
mersed in the plating solution in a position op-
posite to the insoluble anode;
a plating solution dialysis line for extracting the
plating solution from the plating bath and return-
ing the plating solution to the plating bath;
a dialysis cell provided in the plating solution di-
alysis line and configured to remove a free acid
from the plating solution by dialysis using an an-
ion exchange membrane; and
a controller for controlling a flow rate of the plat-
ing solution flowing through the plating solution
dialysis line, based on an integrated value of a
quantity of electricity applied to the plating solu-
tion in the plating bath.

7. The plating apparatus according to claim 6, further
comprising:

a plating solution circulation line for extracting
the plating solution from the plating bath and re-
turning the plating solution to the plating bath
during plating of the substrate, the plating solu-
tion dialysis line being coupled to the plating so-
lution circulation line.

8. The plating apparatus according to claim 6, wherein

the controller is configured to control the flow rate of
the plating solution flowing through the plating solu-
tion dialysis line such that a concentration of the free
acid in the plating solution lies in a range of 60 to
250 g/L.

9. The plating apparatus according to claim 6, wherein
the plating solution dialysis line is provided with a
plating solution flow control mechanism located be-
tween the plating bath and the dialysis cell, and the
controller is configured to control the plating solution
flow control mechanism such that a coefficient lies
in a range of 0.3 to 0.7, the coefficient being deter-
mined by dividing an effective area (m2) of the anion
exchange membrane by the flow rate (L/h) of the
plating solution.

10. The plating apparatus according to claim 9, further
comprising:

a water supply line coupled to the dialysis cell
and provided with a water flow control mecha-
nism,
wherein the controller is configured to control
the water flow control mechanism such that a
flow rate of water, supplied through the water
supply line into  the dialysis cell, is 30% to 100%
of the flow rate of the plating solution supplied
through the plating solution dialysis line into the
dialysis cell.

11. A plating solution management method comprising:

forming an Sn alloy film on a surface of a sub-
strate by applying a voltage between an insolu-
ble anode and the substrate disposed opposite
to each other in a plating solution retained in a
plating bath;
measuring a concentration of a free acid in the
plating solution by a free acid concentration an-
alyzer;
extracting the plating solution from the plating
bath through a plating solution dialysis line and
then returning the plating solution to the plating
bath; and
removing the free acid from the plating solution
flowing through the plating solution dialysis line
by a dialysis cell having an anion exchange
membrane, while controlling a flow rate of the
plating solution flowing through the plating so-
lution dialysis line based on the concentration
of the free acid measured by the free acid con-
centration analyzer.

12. The plating solution management method according
to claim 11, wherein the flow rate of the plating so-
lution flowing through the plating solution dialysis line
is controlled such that the concentration of the free
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acid in the plating solution lies in a range of 60 to
250 g/L.

13. The plating solution management method according
to claim 11, wherein the plating solution dialysis line
is provided with a plating solution flow control mech-
anism located between the plating bath and the di-
alysis cell, and the plating solution flow control mech-
anism is controlled such that a coefficient lies in a
range of 0.3 to 0.7, the coefficient being determined
by dividing an effective area (m2) of the  anion ex-
change membrane by the flow rate (L/h) of the plating
solution.

14. The plating solution management method according
to claim 13, wherein a water supply line provided
with a water flow control mechanism is coupled to
the dialysis cell, and the water flow control mecha-
nism is controlled such that a flow rate of water, sup-
plied through the water supply line into the dialysis
cell, is 30% to 100% of the flow rate of the plating
solution supplied through the plating solution dialysis
line into the dialysis cell.

15. A plating solution management method comprising:

forming an Sn alloy film on a surface of a sub-
strate by applying a voltage between an insolu-
ble anode and the substrate disposed opposite
to each other in a plating solution retained in a
plating bath;
extracting the plating solution from the plating
bath through a plating solution dialysis line and
then returning the plating solution to the plating
bath; and
removing a free acid from the plating solution
flowing through the plating solution dialysis line
by a dialysis cell having an anion exchange
membrane, while controlling a flow rate of the
plating solution flowing through the plating so-
lution dialysis line based on an integrated value
of a quantity of electricity applied to the plating
solution in the plating bath.

16. The plating solution management method according
to claim 15, wherein the flow rate of the plating so-
lution flowing through the plating solution dialysis line
is controlled such that a concentration of the free
acid in the plating solution lies in a range of 60 to
250 g/L.

17. The plating solution management method according
to claim 15, wherein  the plating solution dialysis line
is provided with a plating solution flow control mech-
anism located between the plating bath and the di-
alysis cell, and the plating solution flow control mech-
anism is controlled such that a coefficient lies in a
range of 0.3 to 0.7, the coefficient being determined

by dividing an effective area (m2) of the anion ex-
change membrane by the flow rate (L/h) of the plating
solution.

18. The plating solution management method according
to claim 17, wherein a water supply line provided
with a water flow control mechanism is coupled to
the dialysis cell, and the water flow control mecha-
nism is controlled such that a flow rate of water, sup-
plied through the water supply line into the dialysis
cell, is 30% to 100% of the flow rate of the plating
solution supplied through the plating solution dialysis
line into the dialysis cell.
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