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(57) ABSTRACT 

It is an object to provide a plating apparatus capable of 
forming a plated ?lm having a uniform thickness in a 
substrate to be treated. In a plating apparatus using a face 
doWn method in Which a voltage is applied betWeen a 
cathode electrode (5) provided in contact With a peripheral 
edge portion of a substrate (1) to be treated and an anode 
electrode (6) provided in a plating solution vessel (3), 
thereby carrying out plating, there is provided an anode 
electrode rnoving device (13) for vertically moving the 
anode electrode (6) corresponding to a plating situation of 
the substrate 
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PLATING APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a plating apparatus 
and method, and more particularly to an electrolytic type 
plating apparatus and method for carrying out plating While 
applying a voltage to a substrate to be treated Which is 
immersed in a treating solution. 

[0003] 2. Description of the Background Art 

[0004] For a plating apparatus for forming a plated ?lm 
such as Cu (copper) on a substrate to be treated such as a 
silicon Wafer, conventionally, there has been knoWn a plat 
ing apparatus using a face doWn method in Which a plating 
solution is ?lled in a plating solution vessel having an anode 
electrode provided in a bottom part, the substrate is turned 
doWnWard With respect to a plating solution level and is 
immersed in the plating solution, and a voltage is applied 
betWeen the substrate and the anode electrode in the same 
state (for eXample, see the patent document 1). 

[0005] In the conventional plating apparatus, a cathode 
electrode is caused to come in contact With a peripheral edge 
portion of the substrate, and a voltage is applied through the 
cathode electrode to the substrate and a surface of the 
substrate (hereinafter referred to as a surface to be plated) on 
the opposite side of the anode electrode is caused to function 
as the cathode electrode. 

[0006] It is important that a plated ?lm having a uniform 
thickness should be formed in the surface to be plated. The 
reason is that if a plated ?lm having a nonuniform thickness 
is formed in the surface to be plated as a result of execution 
of plating, there is a possibility that various draWbacks might 
be caused. 

[0007] [Patent Document 1] 
[0008] Japanese Patent Application Laid-Open No. 2001 
316885 (FIG. 17) 

[0009] In the conventional plating apparatus, hoWever, it 
is impossible to form a plated ?lm having a uniform thick 
ness in a substrate to be treated. The reason is as folloWs. 

[0010] The plating apparatus using a face doWn method 
has such a structure that a cathode electrode is caused to 
come in contact With a peripheral edge portion of a substrate 
to be treated and a voltage is thus applied. In the substrate, 
therefore, the voltage is raised in the vicinity of the periph 
eral edge portion Which is close to the cathode electrode, and 
is greatly dropped from the cathode electrode toWard a 
central portion. 

[0011] Accordingly, a plating speed tends to be more 
increased in the peripheral edge portion than that in the 
central portion of the substrate. A thickness of a plated ?lm 
is reduced in the vicinity of the center of the substrate and 
is gradually increased toWard the peripheral edge portion of 
the substrate. For this reason, a plated ?lm having a non 
uniform thickness is ?nally formed in the surface to be 
plated in the substrate. 

[0012] Furthermore, When a diameter of a Wafer is 
increased to 300 mm Which has recently been started to be 
applied, a distance betWeen the peripheral edge portion and 
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the central portion in the substrate is more increased. Con 
sequently, a difference in an electric potential in the surface 
of the substrate is more increased so that the nonuniformity 
of the thickness of the ?lm tends to be further deteriorated. 

[0013] Accordingly, it is an important development item 
of a plating process to suppress the difference in an electric 
potential in the surface of the substrate and to improve the 
nonuniformity of the thickness of the ?lm. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to provide a 
plating apparatus and method capable of forming a plated 
?lm having a uniform thickness in a substrate to be treated. 

[0015] A?rst aspect of the present invention is directed to 
a plating apparatus including a plating solution vessel, an 
anode electrode, holding means, a cathode electrode and an 
anode electrode moving device. The plating solution vessel 
is ?lled With a plating solution. The anode electrode is 
provided in the plating solution vessel. The holding means 
serves to hold a substrate to be treated and to immerse the 
substrate in the plating solution during plating. The cathode 
electrode is provided in a contact portion of the holding 
means With the substrate and serves to apply a voltage to the 
substrate. The anode electrode moving device serves to drive 
the anode electrode corresponding to a plating situation of 
the substrate. 

[0016] The anode electrode can be caused to approach the 
cathode electrode side by the anode electrode moving device 
as plating progresses. Thus, it is possible to form a uniform 
plated ?lm throughout the plating. 

[0017] Asecond aspect of the present invention is directed 
to a plating apparatus including a plating solution vessel, an 
anode electrode, holding means, a cathode electrode and a 
holding means moving device. The plating solution vessel is 
?lled With a plating solution. The anode electrode is pro 
vided in the plating solution vessel. The holding means 
serves to hold a substrate to be treated and to immerse the 
substrate in the plating solution during plating. The cathode 
electrode is provided in a contact portion of the holding 
means With the substrate and serves to apply a voltage to the 
substrate. The holding means moving device serves to drive 
the holding means corresponding to a plating situation of the 
substrate. 

[0018] The substrate can be caused to approach the anode 
electrode side by the holding means moving device as the 
plating progresses. Thus, it is possible to form a uniform 
plated ?lm throughout the plating. 

[0019] Athird aspect of the present invention is directed to 
a plating apparatus including a plating solution vessel, an 
anode electrode, holding means, a cathode electrode, a jet 
noZZle, a rectifying plate and a rectifying plate moving 
device. The plating solution vessel is ?lled With a plating 
solution. The anode electrode is provided in the plating 
solution vessel. The holding means serves to hold a substrate 
to be treated and to immerse the substrate in the plating 
solution during plating. The cathode electrode is provided in 
a contact portion of the holding means With the substrate and 
serves to apply a voltage to the substrate. The jet noZZle 
serves to bloW off the plating solution upWard from a loWer 
part of the plating solution vessel. The rectifying plate serves 
to control a solution How of the jet noZZle. The rectifying 



US 2004/0084316 A1 

plate moving device serves to drive the rectifying plate 
corresponding to a plating situation of the substrate. 

[0020] The rectifying plate is moved in accordance With 
an instruction of the rectifying plate moving device as the 
plating progresses. Consequently, a solution ?oW bloWn up 
from the jet noZZle can be alWays controlled. Thus, it is 
possible to form a uniform plated ?lm throughout the 
plating. 

[0021] A fourth aspect of the present invention is directed 
to a plating apparatus including a plating solution vessel, an 
anode electrode, holding means, a cathode electrode, a jet 
noZZle, an insert ring and an insert ring inside diameter 
changing device. The plating solution vessel is ?lled With a 
plating solution. The anode electrode is provided in the 
plating solution vessel. The holding means serves to hold a 
substrate to be treated and to immerse the substrate in the 
plating solution during plating. The cathode electrode is 
provided in a contact portion of the holding means With the 
substrate and serves to apply a voltage to the substrate. The 
jet noZZle serves to bloW off the plating solution upWard 
from a loWer part of the plating solution vessel. The insert 
ring serves to control the plating solution bloWn off through 
the jet noZZle in the vicinity of a surface of the substrate. The 
insert ring inside diameter changing device serves to change 
an inside diameter of the insert ring corresponding to a 
plating situation of the substrate. 

[0022] The inside diameter of the insert ring is changed in 
accordance With an instruction of the insert ring inside 
diameter changing device as the plating progresses. Conse 
quently, a solution ?oW bloWn up from the jet noZZle can be 
alWays controlled. Thus, it is possible to form a uniform 
plated ?lm throughout the plating. 

[0023] A ?fth aspect of the present invention is directed to 
a plating apparatus including a plating solution vessel, an 
anode electrode, holding means and a cathode electrode. The 
plating solution vessel is ?lled With a plating solution. The 
anode electrode is provided in the plating solution vessel. 
The holding means serves to hold a substrate to be treated 
and to immerse the substrate in the plating solution during 
plating. The cathode electrode is provided in a contact 
portion of the holding means With the substrate and serves 
to apply a voltage to the substrate, the cathode electrode 
being provided in contact With the substrate in a peripheral 
edge portion and an inner portion of the substrate corre 
sponding to a chip pattern formed on the substrate. 

[0024] By applying a voltage to the substrate by the 
cathode electrode, it is possible to control a difference in an 
electric potential betWeen a peripheral portion and an inner 
portion in the substrate and to maintain a uniform current 
distribution. Accordingly, it is possible to form a uniform 
plated ?lm in the substrate. 

[0025] A siXth aspect of the present invention is directed 
to a plating method of opposing an anode electrode to a 
substrate to be treated Which is provided in contact With a 
cathode electrode in a plating solution vessel ?lled With a 
plating solution, and applying a voltage betWeen the anode 
electrode and the cathode electrode, thereby plating the 
substrate, including a step (a). At the step (a), a spacing 
betWeen the anode electrode and the substrate Which are 
opposed to each other is changed corresponding to a plating 
situation of the substrate. 
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[0026] The anode electrode can be caused to approach the 
cathode electrode side as the plating progresses. Thus, it is 
possible to form a uniform plated ?lm throughout the 
plating. 

[0027] These and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a schematic vieW shoWing a structure of 
a plating apparatus according to a ?rst embodiment, 

[0029] FIG. 2 is a schematic vieW shoWing a state of the 
plating apparatus according to the ?rst embodiment at an 
early stage of plating, 

[0030] FIG. 3 is a circuit diagram shoWing each resistance 
betWeen an anode electrode and a cathode electrode, 

[0031] FIG. 4 is a vieW shoWing a state in Which a position 
of the anode electrode is changed as plating progresses, 

[0032] FIG. 5 is a schematic vieW shoWing a state of a 
plating apparatus according to a second embodiment at the 
early stage of the plating, 

[0033] FIG. 6 is a vieW shoWing a state in Which a position 
of holding means is changed as the plating progresses, 

[0034] FIG. 7 is a schematic vieW shoWing a state of a 
plating apparatus according to a third embodiment at the 
early stage of the plating, 

[0035] FIG. 8 is a vieW shoWing a state in Which a position 
of a rectifying plate is changed as the plating progresses, 

[0036] FIG. 9 is a schematic vieW shoWing a structure of 
a plating apparatus according to a fourth embodiment, 

[0037] FIG. 10 is a vieW shoWing a contact position With 
a cathode electrode in a substrate to be treated according to 
a conventional art, and 

[0038] FIG. 11 is a vieW shoWing a contact position With 
a cathode electrode provided in a plating apparatus accord 
ing to a ?fth embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] The present invention Will be speci?cally described 
beloW With reference to the draWings shoWing preferred 
embodiments. 

[0040] <First Embodiment> 

[0041] FIG. 1 is a schematic vieW shoWing a structure of 
a plating apparatus according to the present embodiment. 

[0042] In FIG. 1, a substrate 1 to be treated is held by 
holding means 2 such that a surface 1a to be plated in the 
substrate 1 is opposed to a plating solution level 4 ?lled in 
a plating solution vessel 3. The substrate 1 has a peripheral 
edge portion held by the holding means 2, and a cathode 
electrode 5 is provided in a contact portion of the substrate 
1 and the holding means 2. 

[0043] Moreover, an anode electrode 6 taking such a shape 
that a thickness of a central portion is greater than that of a 
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peripheral edge portion is provided in the plating solution 
vessel 3. Moreover, a supply port 7 for supplying a plating 
solution is provided in a bottom portion 3a of the plating 
solution vessel 3, and furthermore, a jet noZZle 8 is provided 
to penetrate through the anode electrode 6 and a ?lter 9 from 
the bottom portion 3a of the plating solution vessel 3. 

[0044] The jet noZZle 8 bloWs off the plating solution 
supplied through the supply port 7 from the bottom portion 
3a of the plating solution vessel 3 toWard the plating solution 
level 4, thereby generating an over?oW circulation of the 
plating solution. 

[0045] Moreover, the ?lter 9 prevents anode slime (copper 
particles in case of copper plating) generated on a surface of 
the anode electrode 6 and a decomposition by-product of an 
additive and a foreign substance Which are generated in the 
vicinity of the anode electrode 6 from entering the vicinity 
of the substrate 1 in such a manner that they do not in?uence 
a plating reaction or stick onto the surface 1a of the substrate 
1 during plating. 

[0046] Furthermore, a rectifying plate 10 is provided 
above the ?lter 9 of the plating solution vessel 3, and the 
plating solution bloWn off through the jet noZZle 8 passes 
through the rectifying plate 10, thereby controlling a How of 
the plating solution. 

[0047] In order to carry out the plating, the holding means 
2 is moved toWard the plating solution level 4 and the 
substrate 1 is immersed in the plating solution of the plating 
solution vessel 3 in such a condition that the substrate 1 is 
held. Such a state is shoWn in FIG. 2. 

[0048] In the immersion state, an insert ring 11 is provided 
on the plating solution level 4 side of the cathode electrode 
5 disposed on the holding means 2 in order to control the 
How of the plating solution bloWn off through the jet noZZle 
8 in the vicinity of the surface 1a of the substrate 1 during 
the plating. 

[0049] Moreover, an outer vessel 12 is provided on the 
outside of the plating solution vessel 3 and serves to collect 
the plating solution over?oWing due to the over?oW circu 
lation of the plating solution. The plating solution thus 
collected is cleaned by a circulation path Which is not shoWn 
and is then supplied from the supply port 7 again. 

[0050] Furthermore, the plating apparatus according to the 
present embodiment is provided With an anode electrode 
moving device 13 capable of moving a position of the anode 
electrode 6 in a vertical direction, that is, a direction of a 
depth of the plating solution. 

[0051] In the case in Which the plating is to be carried out 
by using the plating apparatus, the substrate 1 held by the 
holding means 2 is ?rst immersed in the plating solution in 
the plating solution vessel 3 as shoWn in FIG. 2. Next, the 
holding means 2 is rotated in the immersion state in such a 
manner that a rotating aXis is set into a direction of a normal 
of the plating solution level 4. 

[0052] Subsequently, a voltage is applied betWeen the 
cathode electrode 5 and the anode electrode 6 so that the 
surface 1a of the substrate 1 is started to be plated. 

[0053] The cathode electrode 5 is provided in contact With 
the surface 1a in the peripheral edge portion of the substrate 
1. As is indicated to be the problem of the conventional art, 
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therefore, a voltage is raised in the vicinity of the peripheral 
edge portion Which is close to the cathode electrode 5 and is 
gradually dropped from the cathode electrode 5 toWard the 
central portion. 

[0054] HoWever, the plating apparatus according to the 
present embodiment employs the anode electrode 6 taking 
such a shape that the thickness of the central portion is 
greater than that of the peripheral edge portion. Therefore, a 
distance betWeen the central portion of the substrate 1 and 
the anode electrode 6 is smaller than that betWeen the 
peripheral edge portion of the substrate 1 and the anode 
electrode 6. Consequently, a resistance value of the plating 
solution betWeen the central portion of the substrate 1 and 
the anode electrode 6 is relatively smaller than that of the 
plating solution betWeen the peripheral edge portion of the 
substrate 1 and the anode electrode 6. 

[0055] Accordingly, the shape of the anode electrode 6 is 
preset such that a balance betWeen the difference in an 
electric potential and the difference in a resistance can be 
taken, that is, the difference in an electric potential is offset 
by the difference in a resistance. At the early stage of the 
plating, consequently, a uniform plated ?lm is formed in the 
surface 1a of the substrate 1. 

[0056] As shoWn in FIG. 3, it is assumed that a resistance 
value of the plating solution betWeen the peripheral edge 
portion of the substrate 1 provided in contact With the 
cathode electrode 5 and the anode electrode 6 is represented 
by Rle, the resistance value of the plating solution betWeen 
the central portion of the substrate 1 and the anode electrode 
6 is represented by Rlc, a resistance value of a seed ?lm 
formed on the surface 1a of the substrate 1 betWeen the 
peripheral edge portion and the central portion in the sub 
strate 1 is represented by Rs and a current is set to How in 
the central portion of the substrate 1 more easily by (1+k) 
times as much as a current How in the peripheral edge 
portion by the insert ring 11 and the rectifying plate 10 at an 
early stage (initialiZation of the insert ring 11 or the like Will 
be hereinafter referred to as hardWare setting). In this case, 
the thickness of the anode electrode 6 is set such that the 
resistance value Rle and the resistance value Rlc have the 
folloWing relationship at the early stage of the plating. 

[0057] The equation (1) has a left member indicating a 
value of a current ?oWing in the central portion of the 
substrate 1 and a right member indicating a value of a 
current ?oWing in the peripheral edge portion of the sub 
strate 1. V represents a difference in an electric potential 
betWeen the anode electrode 6 and the cathode electrode 5. 

[0058] Consequently, the folloWing equation can be 
obtained from the equation 

[0059] In order to set up the relationship of the equation 
(2), accordingly, the thickness of the anode electrode 6 is 
determined in such a manner that the distance betWeen the 
central portion of the substrate 1 and the anode electrode 6 
is shorter than the distance betWeen the peripheral edge 
portion of the substrate 1 and the anode electrode 6. 

[0060] The resistance value Rs is usually increased con 
tinuously from the peripheral edge portion toWard the cen 
tral portion in the substrate 1. Based on the equation (2), 
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therefore, the thickness of the anode electrode 6 is smoothly 
increased from the peripheral edge portion toWard the cen 
tral portion in the anode electrode 6. 

[0061] Returning to the plating, a uniform plated ?lm is 
formed in the surface 1a at the early stage. When the plating 
progresses, the resistance value Rs for the substrate 1 is 
gradually decreased. For this reason, the equation (2) is 
unbalanced as the plating progresses. Thus, a ?lm forming 
speed of the plating is more increased in the central portion 
of the substrate 1. In other Words, a current distribution of 
the plating solution on the substrate 1 becomes high in the 
central portion so that the plated ?lm is formed more thickly 
in the central portion than that in other portions. 

[0062] Accordingly, it is necessary to control the current 
distribution to be high for the portion of the substrate in 
Which the plated ?lm tends to be formed thinly and to 
control the current distribution to be loW for a portion of the 
substrate in Which the plated ?lm tends to be formed thickly. 

[0063] The plating apparatus according to the present 
embodiment is provided With the anode electrode moving 
device 13 for moving the anode electrode 6 from the bottom 
portion 3a of the plating solution vessel 3 toWard the plated 
surface 4. 

[0064] In other Words, the resistance value Rs is decreased 
as the formation of the plated ?lm progresses. Therefore, it 
is necessary to drive the anode electrode 6 by the anode 
electrode moving device 13, thereby shortening the distance 
betWeen the anode electrode 6 and the substrate 1 corre 
sponding to the decrease in the resistance value Rs. This is 
apparent from the equation 

[0065] More speci?cally, the equation (2) can be 
expressed in the folloWing manner, Wherein the distance 
betWeen the peripheral edge portion of the substrate 1 and 
the anode electrode 6 is represented by L, a difference in a 
thickness betWeen the central portion and the peripheral 
edge portion in the anode electrode 6 is set to be m, a 
constant related to an electric resistivity of the plated ?lm is 
represented by p1, and a constant related to an electric 
resistivity of the plating solution is represented by p2. 

P2(L-m)=P2L(1+k)-P1/d (3) 
[0066] Wherein d represents a thickness of a plated ?lm (a 
seed ?lm thickness +a thickness of a plated ?lm formed by 
the plating). From the equation (3), the folloWing relation 
ship can be obtained for the distance L betWeen the periph 
eral edge portion of the substrate 1 and the anode electrode 

[0067] Wherein 0t represents a constant pl/kp2 and [3 
represents a constant m/k. 

[0068] As is apparent from the equation (4), the distanced 
L is reduced When the thickness d of the plated ?lm is 
increased. As shoWn in FIG. 4, accordingly, moving control 
is carried out in such a manner that the distance L is 
shortened to set up the relationship of the equation (4), that 
is, the anode electrode 6 is caused to approach the untreated 
substrate 1 by means of the anode electrode moving device 
13 When the plating progresses. 

[0069] The thickness d of the plated ?lm can be obtained 
in the folloWing manner, for eXample. 
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[0070] As an eXample, it is supposed that copper plating is 
carried out Within a range of 190 mm or less in diameter in 
the disk-shaped substrate 1 having a diameter of 200 mm. In 
this case, an electric charge amount of 765.7 C is required 
for forming a copper plated ?lm in a thickness of 1.0 pm in 
the substrate 1 by the Faraday’s electrolysis laW. This is 
derived from: 

[0071] 31x952 mm2 indicates an area of the plated surface 
1a of the substrate 1, 8.9 g/cm3 indicates a speci?c gravity 
of copper, 96500 C/mol indicates a Faraday constant, 2 
indicates the number of electrons required for a ?lm forming 
reaction With respect to one atom of copper, and 63.57 g/mol 
indicates an atomic Weight of the copper. 

[0072] Accordingly, a cumulative charge amount is 
obtained by observing a current value during the plating and 
a time required for the How of the current value. The 
cumulative charge amount is divided by 765.7C so that a 
thickness d‘ of the copper plated ?lm thus formed is calcu 
lated. Therefore, the total thickness d is obtained by adding 
the thickness of the seed ?lm to the thickness d‘. 

[0073] Thus, it is possible to form a plated ?lm having a 
uniform thickness in the substrate 1 throughout the plating 
as Well as the early stage of the plating by moving the anode 
electrode 6 in such a direction as to approach the substrate 
1 by the anode electrode moving device 13 in accordance 
With the equation (4) based on the obtained thickness d. 

[0074] While the anode electrode 6 taking such a shape 
that the thickness of the central portion is greater than that 
of the peripheral edge portion has been employed in the 
description of the present embodiment, the anode electrode 
6 may be a ?at plate. In this case, hardWare setting is carried 
out such that “k” of the equation (2) has the folloWing value 
at the early stage. 

[0075] When the plating progresses, the anode electrode 6 
is moved by the anode electrode moving device 13 based on 
the relationship of the folloWing equation (6) derived from 
the equation In the same manner as described above, 
consequently, a plated ?lm having a uniform thickness can 
be formed in the substrate 1. 

[0076] By employing the anode electrode 6 taking such a 
shape that the thickness of the central portion is greater than 
that of the peripheral edge portion, it is possible to increase 
the degree of freedom of the hardWare setting. Conse 
quently, it is possible to carry out the hard setting more 
delicately in order to form a uniform plated ?lm. 

[0077] <Second Embodiment> 

[0078] A plating apparatus according to the present 
embodiment is provided With a holding means moving 
device for vertically moving holding means holding a sub 
strate to be treated corresponding to a plating situation. 

[0079] As described in the ?rst embodiment, the resistance 
value Rs for the substrate 1 is decreased as the plating 
progresses. Consequently, initial hardWare setting becomes 
unbalanced as the plating progresses. Thus, a current distri 
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bution on the substrate 1 is changed so that a plated ?lm 
having a nonuniform thickness is ?nally formed. 

[0080] Accordingly, it is necessary to control the current 
distribution to be high for the portion of the substrate in 
Which the plated ?lm tends to be formed thinly and to 
control the current distribution to be loW for a portion of the 
substrate in Which the plated ?lm tends to be formed thickly. 

[0081] While the anode electrode moving device 13 for 
moving the anode electrode 6 is provided in the ?rst embodi 
ment, a holding means moving device 21 for vertically 
moving holding means 2 holding the substrate 1 is provided 
in the present embodiment as shoWn in FIG. 5. Since other 
structures are the same as those in the ?rst embodiment, 
description Will be omitted. 

[0082] In the plating apparatus according to the present 
embodiment, a current value during plating and a time 
required for a How of the current value are observed to 
obtain a thickness d‘ of the plated ?lm in the same manner 
as in the ?rst embodiment. Based on a thickness d obtained 
by adding the thickness d‘ to a thickness of a seed ?lm and 
the equation (4), accordingly, the holding means 2 is moved 
by the holding means moving device 21 in such a manner 
that the substrate 1 approaches an anode electrode 6 as the 
plating progresses from a state shoWn in FIG. 5 to a state 
shoWn in FIG. 6. In the same manner as in the ?rst 
embodiment, consequently, it is possible to form a plated 
?lm having a uniform thickness in the substrate 1 throughout 
the plating as Well as an early stage of the plating. 

[0083] While the anode electrode 6 taking such a shape 
that a thickness of a central portion is greater than that of a 
peripheral edge portion has also been employed in the 
present embodiment, it is apparent that the anode electrode 
6 may be a ?at plate. 

[0084] <Third Embodiment> 

[0085] A plating apparatus according to the present 
embodiment is provided With a rectifying plate moving 
device for vertically moving a rectifying plate to control a 
plating solution ?oW corresponding to a plating situation. 

[0086] As described in the ?rst embodiment, the resistance 
value Rs for the substrate 1 is decreased as the plating 
progresses. Consequently, initial hardWare setting becomes 
unbalanced as the plating progresses. Thus, a current distri 
bution on the substrate 1 is changed so that a plated ?lm 
having a nonuniform thickness is ?nally formed. 

[0087] Accordingly, it is necessary to control the current 
distribution to be high for the portion of the substrate in 
Which the plated ?lm tends to be formed thinly and to 
control the current distribution to be loW for a portion of the 
substrate in Which the plated ?lm tends to be formed thickly. 

[0088] As shoWn in FIG. 7, in the present embodiment, 
there is provided a rectifying plate moving device 31 for 
vertically moving a rectifying plate 10 to control a plating 
solution ?oW. Since other structures are the same as those in 

the ?rst embodiment, description Will be omitted. 

[0089] At an early stage of plating, the rectifying plate 10 
is provided close to the substrate 1 as shoWn in FIG. 7 in 
order to offset the great resistance value Rs of the substrate 
1 betWeen a peripheral edge portion and a central portion in 
the substrate 1. Consequently, the plating solution jetted 
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from a jet noZZle 8 concentrates in the central portion of the 
substrate 1. Therefore, it is possible to form a uniform plated 
?lm at the early stage of the plating. 

[0090] HoWever, the resistance value Rs is decreased as 
the plating progresses. For this reason, it is necessary to 
correspondingly change the How of the plating solution. 

[0091] In the plating apparatus according to the present 
embodiment, as shoWn in FIG. 8, the rectifying plate 10 is 
moved doWnWard by the rectifying plate moving device 31 
in such a manner that a spacing betWeen the rectifying plate 
10 and the substrate 1 is increased as the plating progresses. 

[0092] When the spacing betWeen the rectifying plate 10 
and the substrate 1 is increased, the plating solution evenly 
?oWs to a surface 1a to be plated in the substrate 1 by a 
rectifying function of the rectifying plate 10. Consequently, 
the How causing the plating solution to concentrate in the 
central portion of the substrate 1 at the early stage of the 
plating can be diffused to the Whole surface 1a of the 
substrate 1 as the plating progresses. 

[0093] In the plating apparatus according to the present 
embodiment, thus, the rectifying plate 10 is set to cause the 
plating solution How to concentrate in the central portion of 
the substrate 1 at the early stage of the plating in Which a ?lm 
forming speed in the peripheral edge portion of the substrate 
1 tends to be increased, and is moved doWnWard by the 
rectifying plate moving device 31 in such a manner that the 
plating solution ?oWs evenly to the surface 1a as the plating 
progresses. In the same manner as in the ?rst embodiment, 
consequently, it is possible to form a plated ?lm having a 
uniform thickness in the substrate 1 throughout the plating 
as Well as the early stage of the plating. 

[0094] While an anode electrode 6 taking such a shape that 
a thickness of a central portion is greater than that of a 
peripheral edge portion has also been employed in the 
present embodiment, it is apparent that the anode electrode 
6 may be a ?at plate. 

[0095] <Fourth Embodiment> 

[0096] A plating apparatus according to the present 
embodiment is provided With an insert ring inside diameter 
changing device for changing an inside diameter of an insert 
ring controlling a plating solution How in the vicinity of a 
substrate to be treated corresponding to a plating situation. 

[0097] As described in the ?rst embodiment, the resistance 
value Rs for the substrate 1 is decreased as the plating 
progresses. Consequently, initial hardWare setting becomes 
unbalanced as the plating progresses. Thus, a current distri 
bution on the substrate 1 is changed so that a plated ?lm 
having a nonuniform thickness is ?nally formed. 

[0098] Accordingly, it is necessary to control the current 
distribution to be high for the portion of the substrate in 
Which the plated ?lm tends to be formed thinly and to 
control the current distribution to be loW for a portion of the 
substrate in Which the plated ?lm tends to be formed thickly. 

[0099] As shoWn in FIG. 9, in the present embodiment, 
there is provided an insert ring inside diameter changing 
device 41 for changing an inside diameter of an insert ring 
11 controlling a plating solution ?oW. Since other structures 
are the same as those in the ?rst embodiment, description 
Will be omitted. 
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[0100] In the case in Which the inside diameter of the 
insert ring 11 is increased, a thickness of the plated ?lm in 
a central portion of the substrate 1 tends to be reduced. 

[0101] At an early stage of the plating, the inside diameter 
of the insert ring 11 is reduced in order to offset the great 
resistance value Rs of the substrate 1 betWeen a peripheral 
edge portion and the central portion in the substrate 1. 
Consequently, it is possible to form a uniform plated ?lm at 
the early stage of the plating. 

[0102] HoWever, the resistance value Rs is decreased as 
the plating progresses. For this reason, it is necessary to 
correspondingly change the plating solution ?oW. 

[0103] In the plating apparatus according to the present 
embodiment, the inside diameter of the insert ring 11 is 
increased by the insert ring inside diameter changing device 
41 as the plating progresses. 

[0104] In the plating apparatus according to the present 
embodiment, thus, the inside diameter of the insert ring 11 
is increased by the insert ring inside diameter changing 
device 41 corresponding to the plating situation. In the same 
manner as in the ?rst embodiment, consequently, it is 
possible to form a plated ?lm having a uniform thickness in 
the substrate 1 throughout the plating as Well as the early 
stage of the plating. 

[0105] While an anode electrode 6 taking such a shape that 
a thickness of a central portion is greater than that of a 
peripheral edge portion has also been employed in the 
present embodiment, it is apparent that the anode electrode 
6 may be a ?at plate. 

[0106] <Fifth Embodiment> 

[0107] In a plating apparatus according to the present 
embodiment, a cathode electrode taking such a shape as to 
come in contact in a peripheral edge portion and an inner 
portion of a substrate to be treated corresponding to a chip 
pattern formed on the substrate is used as a cathode electrode 
for applying a voltage to the substrate. 

[0108] As shoWn in FIG. 10, conventionally, a contact 
portion 50 With the cathode electrode is taken to be scattered 
along the peripheral edge portion of the substrate 1. 

[0109] In the present embodiment, hoWever, a cathode 
electrode having such a shape as to correspond to a chip 
pattern formed on the substrate 1 is prepared to take contact 
portions 50 and 51 With the cathode electrode also on a 
boundary of a chip having no pattern, for example, in 
addition to the peripheral edge portion of the substrate 1 as 
shoWn in FIG. 11. The substrate 1 and the cathode electrode 
make a Wet contact in a plating solution. 

[0110] Consequently, it is possible to control a difference 
in an electric potential betWeen a peripheral portion and an 
inner portion in the substrate 1. Thus, it is possible to 
maintain a uniform current distribution. 

[0111] The cathode electrode in a portion provided in 
contact With an insert ring is ring-shaped. An end of the 
mesh-like cathode electrode shoWn in FIG. 11 is connected 
to the ring-shaped cathode electrode. Consequently, it is 
possible to form the cathode electrode according to the 
present embodiment. 
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[0112] By employing the cathode electrode taking such a 
shape as to correspond to the chip pattern formed in the 
substrate 1 for the plating apparatus according to the present 
embodiment and thus carrying out plating, accordingly, it is 
possible to form a uniform plated ?lm in the substrate 1. 

[0113] While the invention has been shoWn and described 
in detail, the foregoing description is in all aspects illustra 
tive and not restrictive. It is therefore understood that 
numerous modi?cations and variations can be devised With 
out departing from the scope of the invention. 

What is claimed is: 

1. A plating apparatus comprising: 

a plating solution vessel ?lled With a plating solution; 

an anode electrode provided in said plating solution 
vessel; 

a holder for holding a substrate to be treated and immers 
ing said substrate in said plating solution during plat 
ing; 

a cathode electrode provided in said holder, contacting 
said substrate and serving to apply a voltage to said 
substrate; and 

a moving device for controlling a distance betWeen said 
anode electrode and said substrate in accordance With 
a thickness of plated ?lm on said substrate. 

2. The plating apparatus according to claim 1, Wherein 
said moving device moves said anode electrode so that said 
distance is smaller as said thickness of plated ?lm on said 
substrate is greater. 

3. The plating apparatus according to claim 1, Wherein 
said moving device moves said holder so that said distance 
is smaller as said thickness of plated ?lm on said substrate 
is greater. 

4. The plating apparatus according to claim 1, Wherein 
said anode electrode has such a shape that a thickness of a 
central portion is greater than that of a peripheral edge 
portion. 

5. A plating apparatus comprising: 

a plating solution vessel ?lled With a plating solution; 

an anode electrode provided in said plating solution 
vessel; 

a holder for holding a substrate to be treated and immers 
ing said substrate in said plating solution during plat 
ing; 

a cathode electrode provided in said holder, contacting 
said substrate and serving to apply a voltage to said 
substrate; and 

a jet noZZle for bloWing off said plating solution upWard 
from a loWer part of said plating solution vessel; 

a rectifying plate for controlling a How of said plating 
solution bloWn by said jet noZZle; and 

a rectifying plate moving device for moving said rectify 
ing plate corresponding to a plating situation of said 
substrate. 
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6. The plating apparatus according to claim 5, wherein 
said anode electrode has such a shape that a thickness of a 
central portion is greater than that of a peripheral edge 
portion. 

7. A plating method of opposing an anode electrode to a 
substrate to be treated Which is provided in contact With a 
cathode electrode in a plating solution vessel ?lled With a 
plating solution, and applying a voltage betWeen said anode 

May 6, 2004 

electrode and said cathode electrode, thereby plating said 
substrate, comprising the step of: 

changing a spacing betWeen said anode electrode and said 
substrate Which are opposed to each other correspond 
ing to a thickness of plated ?lm on said substrate. 


