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PLATING APPARATUS AND PLATING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

(1T The present mvention generally relates to  semiconductor devices
manufacturing, and more particularly relates to a plating apparatus and a plating

method.

2. The Related Ant

(21 In the ficld of semiconductor devices manufacturing, an electroplating
process generally uses wafers as substrates to be plated and, metal layers or
metal wires are formed i designated areas of the subsirates by emploving the
glectroplating process to achieve specific ciromt functions. In addition, in the
advanced packaging process, electroplating s also adopted to form copper
piliars and solder bumps so as to realize inferconnections between chips and the

substrate.

(31  In a cup-tvpe plating apparatus, the wafer as a cathode 1s hornizontally
arranged on a chuck, and a soluble or wsoluble anode s arranged below the
waler. During electroplating, the wafer 18 immersed m elecirolyte and metal ions
in the electrolyte are deposited on the surface of the water under the effect of an

elecirie fleld,

(4]  When the wafer containing a non-plated area {known as a notch area) is
bewng holstically plated, since the photoresist on the non-plated area has no

openings, so there 1s no metal deposition at the non-plated area, leading to

.
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electric current being more concentrated at a plated area arcund the non-plated
area. so that the plattog bexght at the plated area arcund the non-plated area 1s
higher than that of other area, which will cause product vield reduction. S0 a
prioy patent application (CN 110312248 A) mentioned a plating apparatus with
multiple electrodes, every electrode formmg an independent electric field, and
when the notch of the wafer rotates to a designated area, the independent electric
freld corresponding to the designated area could be changed, so a total amount
of power received by the non-plated arca within the designated area 15 reduced

to lower the plating height of the non-plated area of the wafer.

[51  Besides, the current density on the entire wafer 18 not aniform due to
“terminal effect”, which causes a higher plating rate at the edge of the wafer and
a lower plating rate at the center of the wafer, resulting in uneven plating film. A
diffusion plate with a lot of through-holes 18 arranged between the anode and the
cathode, and the diameters of the through-holes gradually decreaze from the
center to the edge of the wafer, Such design of the diffusion plate strengthens the
flowing of the electrolyvte and the ¢lectric field in the central area of the wafer,
making the height of the plated metal on the entire wafer more unmiform,

(61 Corresponding to wafers with different sizes or with different notch
shapes, the position of elecirodes also needs 1o be changed, and then the design
of the whole plating chamber needs to be modified, which will undoubtedly

merease much cost.

SUMMARY OF THE INVENTION

_D.
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[7F  An object of the present invention is o achieve plating on wafers with
different sizes or different notch shapes without replacmg the whole plating

chamber.

(81 In order to achieve the above object, the present invention discloses a
plating apparatus comprising multiple clectrodes. The multiple electrodes
melude a mam electrode and at least two second electrodes. The mam elecirode
and the at least two second electrodes respectively generate an electric field ma
corresponding arca on the surface of a wafer. The mam ¢lectrode and the at least
two second electrodes respectively have a control mterface. By selecting the
combination of the control relationship between each second electrode and the
main electrode, wafers with different sizes or different notch shapes are plated,

and the control refationship 13 independent control or joint control,

9T According to an embodiment, when the second electrode and the mam
clectrode are controlled mdependently, the clectric field intensity generated by
the second electrode in the corresponding area 1s different from the electric field
mtensity generated by the main electrode in the corresponding area, when the
second electrode and the main electrode are controlled jointly, the electric field
intensity generated by the second electrode i the corrgsponding area is the same
with the electnie field miensity generated by the wman electrode wm the

corresponding area.

H101 According to an embodiment, the control interfaces are power nterfaces.

The mam electrode 15 connected o a mam power supply, and each second
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electrode 15 selectively connected to a second power supply or the main power

supply.

[11] According to an embodiment, the maimn electrode 1s comresponding to the
central area of the wafer, and the electric field generated by cach sccond

electrode doesn’t overlap with each other.

(121 According 1o an embodiment, the number of the second electrodes 15 two,
and the angle between the axis of one second electrode and the axis of the other

second electrode 15 180°

[13] According to an embodiment, each second electrode is correspondimg to a
notch area of the wafer. The distance between the center of the mam electrode
and the second electrode corresponding to the notch of a water with a larger size
s a fonger distance, and the distance between the center of the mam electrode
and the second electrode corresponding 1o the notch of a wafer with a smaller

size 15 a shorter distanice. The longer distance s larger than the shorter distance.

{141 According to an embodiment, each second electrode is set in a first
bounding wall and the first bounding wall s used to separate the electric field
generated by the second electrode with the electric field generated by the main

electrode.

{151 According to an embodiment, the plating apparatus further comprises an
tonic membrane set on an ionie membrane frame. The tonic membrane 1s used o
separate 2 cathode area from an anode area in a plating chamber, and the end of

the first bounding wall 15 connected to the tonic membrane.

oA
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[16] According to an embodiment, in order to betier control the height of the
plating metal on the wafer, a dittffusion plate with a perforations-area matching
with the size of the water to be plated 1s set between the ionic membrane and the
wafer. Multiple perforations are set in the perforations-area. A second bounding
wall 18 set between the 1onic membrane and the diffusion plate, and the two ends
of the second bounding wall are respectively connected to the 1onic membrang
frame and the diffusion plate. The shape and location of the second bounding

wall maich with the shape and location of the first bounding wall.

[17] According to an embodiment, in order to better control the height of the
plating metal near the notch area on the wafer, a2 main diffusion plate with a
main perforations-area 1s set between the tonic membrane and the water. At least
one notch area 18 set in the main perforations-area. The shape and location of the
at least one notch area match with at least one sccond electrode. A second
bounding wall 1s set on the 1onic membrane frame. The shape and location of the
second bounding wall match with the shape and location of the first bounding
wall. A second diffusion plate with a second perforations-area is set on an end of
the second boundmyg wall, Multiple perforations are respectively set m the mam
perforations-area and the second perforations-arca. After the main diffusion
plate 1s mounted, the second diffusion plate 1s correspondingly mounted at the
notch area of the main diffusion plate, and the main perforations-area of the
matn diffusion plate and the seccond perforations-area of the second diffusion

plate join together to form a complete circle.

(18] According to an embodiment, the mam diffusion plate and the second
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diffusion plate are mounted detachably.

(191 According to an embodiment, a baffle plate 15 detachably mounted
between the diffusion plate and the wafer, and the baftle plate is employed o
cover the periphery annalar region of the perforations-area m order to 6t for the

plating of wafers with different sizes,

(20 According to an embodiment, the density of the perforations 1o the second
perforations-area is smaller than the density of the perforations in the main
perforatioms-area, and/or the diameter of the perforabons o the second
perforations-area is smaller than the diameter of the perforations in the main

perforations-area.

211 The present invention discloses a plating method, The plating method
comprises: plating on the surface of a wafer with a plating apparatus having
electrodes, wheremn the electrodes mclude a mamn electrode and af least two
second electrodes; controlling the main electrode and the at least two second
glectrodes to generate an electric field in the corresponding area on the surface
of the water, each sccond electrode and the mam electrode boing controlled
independently or confrolled jomtly, by changing the combination of the control
relationship between cach second elecirode and the main electrode, wafers with
different sizes or different notch shapes bemg plated.

221 According to an embodiment, further comprising connecting the main
electrode fo a main power supply and sclectively connecting each second

clectrode fo a second power supply or the matn power supply so that the
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independent control or joint control between each second electrode and the main

electrode 18 realized,

(23] According to an embodiment, further comprising connecting the main
electrode o a mam rectifier and selectively connecting the second electrode to
the mam rectifier or a second rectifier so that the independent control or joint

control between each second slectrode and the main electrode 19 realized.

[24] The present invention can realize plating on wafers with different sizes or
ditferent notch shapes without replacing the whole plating chamber, 50 that the
cost of the plating apparatus is reduced, and the height of the plating metal on

the water 1s effectively controlled.

BRIEF DESCRIPTION OF THE DRAWINGS

(251 FIG. 1 illustrates a top view of a plafing apparatus according to a first

embodiment of the present mvention;

(261 FIG. 2 idlustrates a cross-sectional view of a plating apparatus according

t¢ a second embodiment of the present mvention;

(271 FIG. 3 ilustrates a cross-sectional view of a plating apparatus according

to a third embodiment of the present tnvention;

28] FIG. 4 illustrates a cross-sectional view of a plating apparatus without a

baftle plate according to a fourth embodiment of the present mvention;

(291 FiG. 5 dffustrates a cross-sectional view of the plating apparatus with a

baffle plate according to the fourth embodument of the present invention,
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(307 FIG. 6 illustrates a cross-sectional view of a plating apparatus according

to a fifth embodiment of the present invention;

(31} FIG. 7 illustrates a cross-sectional view of a plating apparatus with second

diffusion plates according to a sixth embodiment of the present invention;

(321 FIG. 8 illustrates the shapes of the second diffusion plates of the sixth
¢mbodiment of the present mvention;

oy

(331 FIG. 9A and FIG. 9B illustrate the shapes of two types of main diffusion
plate of the plating apparatus according to the sixth embodiment of the present
mvention;

(341 FIG. 10 illustrates a cross-sectional view of the plating apparatus with a

batfle plate according to the sixth embodiment of the present invention;

351 FIG. 1A and FIG. 11B iHustrate circuit diagrams of the plating apparatus
of the first embodiment of the present invention while two different wafers are
plated by employing the plating apparatus; and

~

(361 FIG. 12 iHustrates a cirenit diagram of a plating apparatus according to a

seventh embodiment of the present mvention.

DETAILED DESCRIPTION OF EMBODIMENTS

[37] Heranafter, the subject matter described herein will be discussed with
reference to a plurality of embodiments. It should be understood that discussion
of these embodiments is to enable a person of normal skill 1 the art to better

pnderstand and thereby nuploment the subject matter described herein, not
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implying any himitation to the scope of the subject matter described hergin.

[38] The plating apparatus disclosed by the embodmments of the present
mvention comprises a mamn electrode and at least two second slectrodes, and
each electrode forms an electnic field w the corresponding area of the surface of
the wafer. Hach electrode respectively has a control interface. By selecting the
combination mode of controlling relationship between cach second electrode
and the main electrode, the electroplating on wafers with different sizes or with
different shapes of npotches 13 realized. Sad controlling  relabionship s
mndependent control or joint control. Said control mterface may be a power
mterface used 1o be connected 10 a power supply, and said control interface may

also be a switch mterface used to be connected to multi-way switch ciromts.

[391 The following are the embodiments of the plating apparatus of the present

mvention,

4071 Embodiment |

(41} Please refer to FIG. | iHlustrating a top view of a plating apparatus. The
plating apparatus comprises a plating chamber 4. An anode area s posttioned at
the bottom of the plating chamber 4, and there are three glectrodes in the anode
arga. Specifically, the three electrodes are respectively located in a mam anode
area 1. a second anode area 2 for a 12-tnch wafer and a second anode area 3 for
an &-inch wafer,

421 There 1s a through hole 5 in the mam anode area 1, which 18 used to

connect the mam electrode i the main anode area | to the positive pole of a

-9 .
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main power supply. There are two through holes 3, one of which is set in ong
second anode arca and the other of which 18 set 1w the other second anode area,
respectively used to connect the second electrode m the second anode area 2 for
a 12-inch wafer and the second electrode in the second anode area 3 for an
8-inch water to the positive pole of the main power supply or the posttive pole
of a second power supply, and the connecting way is chosen based on the wafer
size in practical plating. As a power interface, the through holes 5 can be used to
connect each electrode to vanous types of power supply, such as PWM switch

power supply and hnear power supply, stc.

431 The shape and location of the second anode arca 3 for an 8-inch wafer 13
corresponding to the shape and location of the notch of the B-inch water, and the
shape and location of the second anode area 2 for a 12-nch wafer is
corresponding to the shape and location of the notch of the 12-inch wafer, and
the nearest distance between the second anode area 2 for a 12-inch wafer and the
center of the platmg chamber 4 18 larger than the farthest distance between the
second anode area 3 for an 8-inch wafer and the center of the plating chamber 4,
that s to say, the area covered by the S-inch wafer doesn’t overlap with the area
covered by the notch of the 12-inch wafer. The main anode area 1 is a circle with
two notches where the second anode area 2 for a 12-inch water and the second
anode area 3 for an B-mch wafer are positionsd. The center of the main anode
area 1 13 opposite fo the center of the wafer 10 be plated, and the distance
between the second anode area 3 for an 8-inch wafer and the center of the main

anade area 1 is smaller thap the distance between the second anode area 2 for a
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12-inch wafer and the center of the mam anode area 1.

(441 Referning to FIG, 1A, for the 8-mnch wafler plating, the positive pole of
the second power supply 11 is connected to the second clectrode in the second
anode area 3 for an 8-inch wafer, while the second elecirode 1n the second anode
area 2 for a 12-inch wafer 1s not connected to any power supply. The positive
pole of the mam power supply 10 is connected to the matn electrode in the main
anode area |, Referring to FIG, 1B, for the 12-inch wafer plating, connect the
second electrode 1 the second anode area 3 for an 8-mch wafer with the main
electrode 1n the main anode area 1 in parallel, and then connect to the positive
pole of the matn power supply 10, and the second electrode in the second anode
area 2 for a 12-inch wafer 18 connected to the posttive pole of the second power
supply 11 In FIG. 1A, FIG. 1B and FIG. 12, both the negative pole of the
main power supply 10 and the negative pole of the second power supply 11 are
connected 1o the waler 14 via a wafer chack 13 which i3 used for holding and

positionitng the wafer 14 while the wafer 14 1s plated.

451 Specifically, i an S-inch wafer plating process, the second anode area 2
for a 12-inch waler doesn™t overlap with the B-inch water, so the second
electrode in the second anode area 2 for a 1Z-inch wafer doesn’t work and
doesn’t generate an electnie fled. Because the second electrode m the second
anode area 3 for an 8-inch wafer and the main electrode 1n the main anode area 1
are respectively conpected to an independent power supply, the electrie field
infensity generated by them can be controlled separately, so when a notch of the
8-mech wafer 15 positioned within the designated area, a total amount of power

<

T
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received by the notch within the designated area can be controlled, so that the
height of the plating wetal near the notch of the &-tnch waler 1s in accordance

o

with other area.

1461 In a 12-inch wafer plating process, the notch of the 12-inch wafer doesn’t
overlap with the 8-inch wafer, and the second anode area 3 for an &-inch wafler 13
focated 1o the area covered by the 12-inch wafer, so the second clectrode in the
second anode area 3 for an B-inch wafer and the main electrode i the main
anode area 1 need to be controlled together, and both of them are compected to
the posttive pole of the mam power supply 10 so that the electric fields
generated by them have a same intensity. The second ¢lectrode m the second
anode area 2 for a 12-mnch wafer 1s connected to the positive pole of the second
power supply 11, s0 #f generates an eleciric field whose mtensity is different
from the electric field generated by the mam anode area 1 and the second anode
area 3 tor an 8-imch wafer.

(471 In order to reduce the interaction between the second anode area 2 for a
12~-inch wafer and the second anode area 3 for an &~mch wafer, it is preferable fo
keep them as far away as possible, and 1t 1s preferable that the angle between the
symmetry axes of them is 1807

(48] Hmbodiment 2

(491 Please refer to FIG.2, what is diftferent with the fivst embodiment 15 that in
the second embodiment, there are multiple through holes § in the main anode

area 1. In plating process, cach through hole 5 13 connected to the positive pole

4D
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of the mam power supply to raise the uniformity of the electric field Each
second electrode s respectively located i a first bounding wall 6, and the first
bounding wall 6 1s used to separate the electric field generated by the second

so that the

>

electrode with the electric field generated by the mam electrode

height of plating metal near the notch of the wafer 15 effectively controlled.

(501 The other parts tn the second embodiment are the same with the first

embodiment.
(511 Embodiment 3

521 Referning to FIG. 3, the plating apparatus in the third embodiment
meludes all the components of the plating apparatus 10 the second embodunent,

which will not be repeated here.

531 What's more, there 18 an tonmic membrane 7 above the anode area, and the
ionic membrane 7 is sef on an ionic membraneg frame, and the 1onic membrane 7
separates the cathode area from the anode area w the plating chamber 4. The
cathode area is above the ionic membrane 7 while the anode area 1s underneath
the tonic membrane 7. The function of the tonic membrane 7 15 to allow the
desired metal 1on 1n the anode area to pass through in order to supplement the
conceniration of the desired metal 10n 1 the cathode area, and to prevent the
additive molecule from reaching the anode area. The end of the first bounding
walls 6 comnect with the tonic membrane 7. There are two second bounding
wakls 12 in the cathode area, and the two second bounding walls 12 match with

the two first bounding walls 6 in the anode area respectively to separate the flow
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field and the electric field. The end of the second bounding walls 12 connect

with the tonic membrane frame,

541 Embodiment 4
551 Refarnng to FIG. 4, the plating apparates in the fowth embodiment

includes all the components of the plating apparatus in the third embodiment,

which will not be repeated here.

{561 What's more, a diffusion plate 8 is set m the cathode area of the plating
chamber 4, and the diffusion plate 8 13 connected to the end of the second
bounding walls 12. There are several perforations with the same size or different
sizes on the diffusion plate 8 to control the flow field and electtic field mn the
plating process. The desired metal 1ons pass through the tonic membrane 7 and

the diffusion plate 8 and reach the wafer then deposit on it

1571 In FIG. 4, the diffusion plate 8 is fixed on the plating chamber 4, and the
¢lectric field generated by the area with perforations can cover the entire wafer

to be plated with the maximum size such as a 12-inch wafer.

[58] Refernng to FIG. 5, 1f a waler with a smaller size such as § 1nch neads to
be plated, a baffle plate 9 1s emploved to cover the periphery annular region of
the diffusion plate 8. so that only the central area of the diffusion plate 8 18
exposed to fit for the plating of the wafer with a smalier size such as 8 inch, and
the cathode hquid o the periphery annular region of the diffusion plate 8 15
blocked by the baffie plate 9. The baffle plate 9 1s detachably mounted on the

plating chamber 4 or the diffusion plate 8.

- 44 .
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(591 Embodiment 5

(601 Referning to FIG. 6, the plating apparatus m embodiment § includes all the
components of the plating apparatus in the embodiment 3, which will not be

repeated here.

[61] What's more, a diffusion plate § 15 sef in the cathode area of the plating
chamber 4, and there are several perforations with the same size or different
sizes on the ditfusion plate 8 to control the flow field and electric field in the

plating process. The destred metal tons pass through the tonte membrane 7 and

the ditfusion plate 8 and reach the wafer then deposit on it

(621 1o the present embodiment, the diffusion plate 8 1s detachably moumnted on
the plating chamber 4, and each plating apparatus can be configured with
different tvpes of diffusion plates 8 to match wafers with different sizes or with
notches 1n different shapes. Before plating, install the corresponding diffusion

plate 8 according to the actual situation.

[63] The diffusion plate & corresponding to an 8-inch (a smaller size) wafer is
tustrated 1 the present embodiment. It can be scen from FIG. 6 that the area
with perforations on the diffusion plate § is comresponding to the second anode
arga 3 for an 8-inch wafer, and there 13 no perforation i the arca corresponding

to the second ancde area 2 for a 12-mch water on the diffusion plate §.

(641 1f the 12-tnch wafer or a waler with a noich tn other shape necds to be
plated, the diffusion plate § corresponding fo the B-mch wafer 15 removed and

another matching ditfusion plate 8 1s mounted on the plating chamber 4.

-
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651 Certainly, as with the fourth embodiment, a baffle plate ¢ can be
detachably assembled in the present plating apparatus, After the & ffusion plate 8
corresponding to the 12-inch water 1s mounted, the batfle plate 9 1s employed fo
corver the periphery annular regiom of the diffusion plate 8, so that only the
central area of the diffusion plate 8 1s exposed to it for the plating of the 8-nch

wafer.
(661 Embodiment 6

(671 Refernng to FIG. 7, the plating apparatus 1 the sixth embodiment
includes all the components of the plating apparatus in the third embodiment,

which will not be repeated here.

[68] What's more, there are two second diffusion plates 802 respectively
assembled oo the top of the two second bounding walls 12, and cach second
diffusion plate 802 has a sccond perforations-area. The shape of the fwo second

diffusion plates 802 is shown i FIGL 8

(691 A main diffusion plate 801 is detachably mounted in the cathode area. The
tocation of the mam diffusion plate 801 18 corresponding to the main anode area,
and there 1s a main perforations-area on the main diffusion plate 801,

(70} Each plating apparatus 18 configured with two types of maim diffusion
plates 801 which are respectively used for the plating of the 12-inch wafer and
the 8-inch waler.

{711 Refernng to FIG. 9A, there are fwo notch areas on the first type of mam
diffusion plate 801, and ecach votch area s corvesponding o one second

T
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diffusion plate 802, After the main diffusion plate 801 is mounted, the two
second diffusion plates 802 are respectively assembled on the two notch areas of
the main diffusion plate 801, The mam perforations-area of the mamn diffusion
plate 801 and the two second perforations-areas of the two second diffusion

plates 802 join together to form a complete circle, which 1s used for the platmg

of the 12-inch waler,

[721 Refernng to FIG. 9B, there is a notch area on the second type of main
ditfusion plate 861, and the notch area s corresponding to one second diffusion
plate 802, After the main ditfusion plate 801 15 mounted, the second diffusion
plate 802 s assembled on the nofch arca of the mam ditfusion plate 801, The
main perforations-area of the mam diffusion plate B0l and the second
perforations-area of the second diffusion plate 802 join together o form a

complete circle, which 1s used for the plating of the B-nch wafer.

731 Certainly, as with the fourth embodiment, the first type of mamn ditfusion
plate 801 can be fixed m the cathode area. Referring to FIG. 10, if the 8-inch
wafer needs to be plated, the batfie plate 9 is emploved fo cover the periphery
armnular region of the entire circle consisting of the main perforations-area of the
main diffusion plate 801 and the two second perforations-argas of the two
second diffusion plate 802, and the uncovered area 15 fit for the plating of the
8-inch water. The baffle plate 9 is detachably mounted on the plating chamber 4

or the main diffusion plate 801,

741 The second diffusion plate 802 can be designed and replaced based on the



WO 2022/111210 PCT/CN2021/127543

need of the process. For exampie, the density and diameter of the perforations in
the second perforations-area of the second diffusion plate 802 can be designed

based on the need of the process.

[751 In ovder to reduce the total electric quantity received by the notch area of
the water in the second anode area, the density of the perforations in the second
perforations-area of the second diffusion plate 802 1s smaller than that of the
main diffusion plate 801, and / or the diameter of the perforations in the second
perforations-area of the second diffusion plate 802 13 smaller than that of the
main diffusion plate 801, so that the height of the plating metal near the notch
area of the wafer 3 further controlled. What 1s more, the density and diameter of
the perforations in the second perforations-area can be adjusted separately to it
for different products, because the non-plated arcas at noiches of different

waters are different,
761 Ewmbodiment 7

{771 The difference between the present embodiment and the first embodiment
ts that, referring to FIG. 12, in the plating apparatus in the seventh embodiment,
the second anode area 3 for an 8-inch wafer and the second anode area 2 for a
12-inch wafer are separately connected to an ndependent second power supply
11 and the main anode area 1 is connected to the main power supply 10, The
negative poles of the mam power supply 10 and the two second power supplies
11 are connected to the wafer 14 via the water chuck 13, In the plating process

of the 12-inch wafer, the main anode area 1, the second anode area 3 for an
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8-inch wafer and the second anode area 2 for a 1Z-inch wafer are controlled
separately. Because the second anocde area 3 for an S-inch wafer s closer to the
center arca of the 12-inch wafer, and the second anode area 2 for a 12-inch wafer
1s corresponding to the periphery area of the 12-inch wafer, the central area and
the periphery area of the 1Z-inch wafer can be controlled separately, which s

more flexible,
{781 Other parts are the same with the embodiment 1.
1791 Embodiment 8

80} The difference between the present embodiment and the first embodiment
¢ that, i the plating apparatus in the present embodunent, the through hole §
acts as a switch interface that can be used to comnect each electrode to a
multi-way switch circuit, and then the multi-way switch circuit s connected to

different power supplies or other control unis,
(811 Other parts are the same with the embodiment 1,

(821 From the first embodiment 1 1o the eighth embodiment 8, the main anode
area 1, the second anode area 3 for an &-meh waler and the second anode area 2
for a 12-inch wafer respectively have their own independent anode electrolyie
supply branch. and each branch is equipped with a needle valve. The flow rate
gach area can be confrolied by adjusting the opening degree of the needle valve,
and the flow field corresponding to the area can be supplemented or reduced by
mereasing or decreasing the flow rate, combined with the electric field wmtensity

to comtrol the height of the plating metal w cach area.
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[83] The plating apparatuses from the first embodiment 1 to the cighth
embodiment 8 are fit for wafors with other sizes but not imited to 8-tnch and
{2~inch. The shape of the second anode area can be a circudar sector, an arc and

an arch, ete., which 1s corresponding to the shape of the notch of the water
841 Fmbodiment 9

[85] A plating method 15 disclosed m the ninth embodiment. The method
comprises: plating on the surface of a wafer with a plating apparatus having
electrodes, and the electrodes comprise a main electrode and at least two second
electrodes; controlling each electrode fo generate an clectric field in the
corresponding area on the surface of the waler, and each second electrode and
the main electrode being controlled mndependently or controlied jomntly, by
changing the combination of the control relationship between each second
electrode and the main electrode, wafers with different sizes or different notch

shapes are plated.

[86] According to an optional way, by connecting the main electrode fo the
matn power supply 10 and selectively connecting the second electrode to the
main power supply 10 or the second power supply 11, the independent control
ot joint conirol between each second electrode and the main electrode 15 realized.
When the second electrode and the mam electrode are controlled independently,
the electric field ntensity generated by the second dectrode in the
corresponding area is different from the electne ficld miensity generated by the

main electrode n the corresponding arga. When the second electrode and the

220
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main electrode are conirolled jointly, the electric field intensity generated by the
second electrode 1n the corresponding area 1s the same with the clectric field

mitensity generated by the main electrode in the corresponding area.

1871 According to another optional way, by connecting the mam electrode to a
main rectifier and selectively connecting the second electrode to the main
rectifier or a second rectifier, the mdependent control or joint control between
each second elecirode and the mam electrode 15 realized. When the second
electrode and the main electrode are controlied mndependently, the electric field
intensity generated by the second electrode in the corresponding area 1s ditferent
from the clectric ficld intensity generated by the main clectrode in the
corresponding arga. When the second electrode and the mamn electrode are
controlled jointly, the electric field intensity generated by the second electrode in
the corresponding area 1s the same with the electric field mtensity generated by
the man electrode in the corresponding arca. The clectrie field miensity can be

changed by adjusting the electric current, the voltage or the duty cycle.

[881 As described above, the foregoing description of the present invention has
been presented for purposes of dlastration and description. It 13 not miended to
be exhaustive or to lmit the invention to the precise torm disclosed, and
obvicusly many modifications and varnations are possible m hight of the above
teaching. Such modifications and variations that may be apparent to those
skifled in the art are mtended to be included within the scope of this invention as

defined by the accompanying claims,
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WHAT Is CLAIMED IS

A plating apparatus, compusing multiple electrodes, the multiple electrodes
mcluding a main electrode and at least two second electrodes, the maimn
electrode and the at least two second electrodes respectively generating an
electric field in a correspondimg area on the surface of a wafler, the mam
clectrode and the at least two second electrodes respectively having a controd
mterface, by selecting the combination of the control relationship between
each second electrode and the main electrode, walers with different sizes or
different notch shapes are plated, and the control relationship 15 independent

control or joint control.

The plating apparatus as claimed in claim 1, wherein the control mterfaces
are power nierfaces, the main electrode 18 connected to a main power supply,
and each second electrode 15 selectively connected to a second power supply

or the main power supply.

The plating apparatos as claimed in claim |, wherein when the second
electrode and the main electrode are controlled independently, the electric
field miensity generated by the second electrode m the corresponding area 1s
different from the electric field intensity generated by the matn electrode in
the corresponding area, when the second electrode and the main electrode are
controlled jointly, the electric field intensity generated by the second
electrode w the corresponding area 15 the same with the ¢lecine field

intensity generated by the mam electrode in the corresponding area.

.
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The plating apparatus as claimed in claim |, wherein the main electrode is
corresponding 1o the central area of the water, and the ¢leciric field generated

by each second electrode doesn’t overlap with each other.

The plating apparatus as claimed w claim 1, wherein the sumber of the
second electrodes 15 two, and the angle between the axis of one second

electrode and the axis of the other second electrode 1s 1807,

The plating apparatus as claimed m olaim 1, wherein each second electrode is
corresponding o a noteh area of the waler, and the distance between the
center of the main electrode and the second electrode corresponding to the
noteh of a wafer with a larger size 15 a longer distance, the distance between
the center of the main electrode and the second electrode corresponding to
the noteh of a wafer with a smaller size 18 a shorter distance, the longer

distance 1s larger than the shorter distance.

The plating apparatus as claimed i claim |, wherein each second electrode 18
set in a first bounding wall and the first bounding wall 15 used to separate the
glectric field generated by the sccond electrode with the electric field

generated by the main electrode.

The plating apparatus as claimed in clasm 7, further comprising an tonic
membrane set on an onic membrane frame, wheremn the ionic membrane 1s
used to separate a cathode area from an anode area 1 a plating chamber, and

the end of the first bounding wall 1s connected to the ionic membrane.

The plating apparatus as claimed in claim &) further comprising a ditfusion
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plate with a perforations-arga matching with the size of the wafer to be plated
bemyg set between the 1onic membrane and the wafer, multiple perforations
being set m the perforations-area, a second bounding wall being set between
the tonic membrane and the diffusion plate, the two ends of the second
poundmyg wall being respectively connected to the 1omic membraneg frame and
the diffusion plate, the shape and location of the second bounding wall

matching with the shape and location of the first bounding wall.

10.The plating apparatos as claimed in claim 2, wherein the diffusion plate is

assemnbled detachably.

The plating apparatus as clamed w clanm 8, further comprising 2 main

diffusion plate with a main perforations-area being set between the tonic
membrane and the wafer, at least one notch area being set in the main
perforations-area, the shape and location of the at least one notch area
matching with at feast one second electrode, a second bounding wall being
set on the tonic membrane frame, the shape and location of the second
bounding wall maiching with the shape and location of the first bounding
wall, a second diffuston plate with a second perforations-area being st on an
end of the second bounding wall, multiple perforations being respectively set
t the mam perforations-area and the second perforations-area, afier the mam
diffusion plate is mounted, the second diffusion plate is correspondingly
mounted at the notch area of the mam diffusion plate, and the main
perforations-area of the mamn diffusion plate and the second perforations-area

of the second diffusion plate join together to form a complete cirele,
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The plating apparatus as claimed i claim 11, wherein the main diffusion

plate and the second diffusion plate are mounted detachably,

The plating apparatus as claimed m any one of claim 9 to claim 12, further

comprising a baffle plate being detachably mounted between the diffusion
plate and the wafer, the baflle plate being employed to cover the periphery
annular region of the perforations-area m order to fit for the plating of wafers

with different sizes.

14, The plating apparatus as clamed m clasm 11, wherein the density of the

perforations in the second perforations-area is smaller than the density of the
perforations w the mam perforations-area, and/or the diameter of the
perforations i the second perforations-area is smaller than the diameter of

the perforations i the main perforations-area.

A plating method, comprising:

plating on the surface of a water with a plating apparatus having electrodes,
wherein the electrodes include a main electrode and at least two second

electrodes;

controtling the main electrode and the at least two second electrodes to
generate an electric field w the corresponding area on the surface of the
wafer, each second electrode and the main electrode bemng controlled
mdependently or controlled jomtly, by changing the combimation of the
control relationship between each second electrode and the main electrode,
waters with different sizes or different notch shapes being plated.

-2
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16.The plating method as claimed i claim 15, further comprising connecting
the mamn electrode to 2 matn power supply and sclectively connecting each
second electrode to a second power supply or the main power supply so that
the mdependent control or jomt control between each second electrode and

the main elecirode 15 reahized,

[
~d

7. The plating method as claimed o clatm 15, wherein when the second
electrode and the main electrode are controlled independently, the electric
field ntensity generated by the second electrode in the corresponding area is
different from the electric field intensity gzenerated by the main electrode in
the corresponding area, when the second electrode and the main electrode arg
controlied jomtly, the electric field mtensity generated by the second
glectrode i the corresponding area 1s the same with the electnic field

imntensity generated by the main electrode in the corresponding area.

18.The plating method as claimed 1 clanm 15, further compnsing connecting
the main electrode to a main rectifier and selectively connecting the second
glectrode to the matn rectifier or a second rectifier so that the independent
control or joint control between each second electrode and the main electrode

15 realized.
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