wo 2017/070924 A1 [N A 0000 OO OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/070924 A1l

(51

eay)

(22)

(25)
(26)
1

(72

74

4 May 2017 (04.05.2017) WIPO I PCT
International Patent Classification: (81)
C25F 3/22 (2006.01)

International Application Number:
PCT/CN2015/093343
International Filing Date:
30 October 2015 (30.10.2015)
Filing Language: English
Publication Language: English

Applicant: ACM RESEARCH (SHANGHAI) INC.
[CN/CN]; Bld. 4, No. 1690 Cailun Road, Zhangjiang
High-tech Park, Shanghai 201203 (CN).

Inventors: JIN, Yinuo; Bld. 4, No. 1690 Cailun Road,
Zhangjiang High-tech Park, Shanghai 201203 (CN). DAI,
Yingwei; Bld. 4, No. 1690 Cailun Road, Zhangjiang High-
tech Park, Shanghai 201203 (CN). WANG, Jian; Bld. 4,
No. 1690 Cailun Road, Zhangjiang High-tech Park, Shang-
hai 201203 (CN). WANG, Hui; Bld. 4, No. 1690 Cailun
Road, Zhangjiang High-tech Park, Shanghai 201203 (CN).

Agent: SHANGHAI PATENT & TRADEMARK LAW
OFFICE, LLC; 435 Guiping Road, Shanghai 200233
(CN).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHOD FOR ELECTROCHEMICAL POLISH IN CONSTANT VOLTAGE MODE

(57) Abstract: A method for electro-

Step 901: presetting a constant current recipe with a current distribution which
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METHOD FOR ELECTROCHEMICAL POLISH IN CONSTANT VOLTAGE MODE

FIELD OF THE INVENTION

[0001] The present invention relates to electrochemical polish, and more particularly to a

method for electrochemical polish in constant voltage mode.

BACKGROUND
[0002] Due to good results and short time needed, electrochemical polish now is used
widely in semiconductor industry, and a constant current mode is chosen in that
electrochemical polish reaction. In the constant current mode, the current is constant and
stable, which indicates constant amount of hydrogen ions react with patterned wafer metal
layer surface. When the bulk copper layer fully covers the patterned wafer surface, the
hydrogen ions will uniformly react with copper layer on entire wafer until the bulk copper
layer are removed. But as the copper remaining in the pattern trenches and the barrier
materials (Ta, TaN, Ti, TiN, Co, Ru, etc.) has no reaction with electrolyte, the hydrogen ions
concentration will rapidly increase around the copper remaining area, which makes the
dishing and copper line’s post surface feature vary from different line density and
distribution.
[0003] In constant current mode, the amount of charged ions is constant, which is
independent to patterned wafer’s surface features and structures. It is to say in micro scale,
the removal rate is uniform for the whole area, so the constant current mode will induce the

dishing difference between different features due to the non-uniform distribution of Cu lines.

SUMMARY
[0004] The present invention is to provide a method to improve wafer-level global dishing
and die-scale microcosmic dishing of semiconductor post metal layer planarization process,
which is based on electrochemical polish mechanism.
[0005] In one embodiment, a method for electrochemical polish in constant voltage mode is
disclosed, which comprises: preset a constant current recipe with a current distribution which

comprises multiple positions with different radius on a wafer and a predetermined current for

1



WO 2017/070924 PCT/CN2015/093343

each position; apply the constant current recipe to polish a first wafer; detect and record the
voltage of each position during the polish; generate a constant voltage recipe with a voltage
distribution which comprises the multiple positions and the recorded voltage of each position;
and apply the constant voltage recipe to polish a second wafer.

[0006] In one embodiment, the predetermined current of the position is proportional to the
radius of the position.

[0007] In one embodiment, the first wafer comprises a bare wafer, and a metal blanket is
disposed on the bare wafer.

[0008] In one embodiment, the second wafer comprises a wafer with a plurality of patterned
trenches or vias, and a metal layer is disposed on the wafer. The patterned trenches or vias are
filled by the metal layer.

[0009] According to the present invention, a method for electrochemical polish in constant
voltage mode is provided, which can overcome the bottleneck of the prior art by introducing

the self-ending effect of constant voltage polish.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 illustrates a typical equipment for electrochemical polish.

[0011] Figure 2 illustrates a top view of polishing area and die-scale on the wafer.

[0012] Figure 3 illustrates a top view of die-scale and pad-scale on the wafer.

[0013] Figure 4 illustrates a top view of a defined cell.

[0014] Figure 5 illustrates a cross-sectional view A of the cell illustrated in Figure 4.
[0015] Figure 6 illustrates another cross-sectional view A of the cell illustrated in Figure 4.
[0016] Figure 7 illustrates a cross-sectional view B of the cell illustrated in Figure 4.
[0017] Figure 8 illustrates the post-process dishing of electrochemical polish in the constant
voltage mode.

[0018] Figure 9 illustrates a flow chart of the method according to the present invention.
[0019] Figure 10 illustrates a current table used in the method according to the present
invention.

[0020] Figure 11 illustrates a voltage table used in the method according to the present

invention.
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DETAILED DESCRIPTION
[0021] Illustrations are made to the present disclosure in connection with the accompanying
drawings.
[0022] Referring to Figure 1, a typical equipment for electrochemical polish is provided.
The equipment comprises a chuck 101, a nozzle 103 and a power supply 104, and both the
chuck 101 and the nozzle 103 are electrically connected with the power supply 104. The
chuck 101 is used as an anode for holding and rotating the wafer 102 during the polishing
process. And the nozzle 103 is used as a cathode for ejecting charged electrolyte 105 onto the
surface of the wafer 102, so that the metal ions react with the charged electrolyte 105 and are
transferred to the nozzle 103. In the prior art, the power supply 104 is a constant current
power supply so that the electrochemical polish can be undertaken in a constant current mode.
While in the present invention, the constant current power supply is replaced by a constant
voltage supply to undertake the electrochemical polish in a constant voltage mode.
[0023] In constant voltage mode according to the present embodiment, the amount of
charged ions is variable, which depend on the resistance of entire polish system. To explain
the function of constant voltage mode, a model of a polishing area will be introduced firstly.
The polishing area is right above the nozzle 103, with the charged electrolyte 105 coming up
from the nozzle 103.
[0024] Figure 2 illustrates a top view of polishing area and die-scale on the wafer 102. In
this model, the polishing area is divided into several die-scales 201, and each die-scale 201
consists of a plurality of cells 202. The cell size depends on the model definition and it could
be trend to nm scale. Due to the charged ions are shared by these cells 202, the total amount
of charged ions is equal to the sum of each cell’s amount of charged ions. Hence, all these
cells 202 can be considered as parallel connection, which implies that the current is shared by
all of the cells 202.
[0025] Figure 3 illustrates a top view of die-scale and pad-scale on the wafer. There are
several pad-scales 203 in each die-scale 201. The cell 202 is located in the pad-scale 203, and
the cell 202 is enlarged in Figure 3. Further, referring to Figure 4 to Figure 7, a top view and
cross-sectional views of a defined cell 202 are given.
[0026] Generally, resistances of the electrochemical polish system include the equipment’s

resistance and the charged electrolyte’s resistance. The equipment’s resistance can be
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regarded as a constant value, while the charged electrolyte’s resistance relates to the size of
the polishing area.

[0027] There will be several cells 202 constituting in the polishing area, and all of them are
connected in parallel. To simplify the model of the polishing area, the boundary effect of
charged electrolyte 105 is neglected, the current (i.e. ions concentration) and liquid resistance
in the charged electrolyte 105 are the same and uniformly distributed in the charged
electrolyte 105. Further, for a particular cell 202, the resistance of the cell 202 is determined
by the structure of the cell 202 itself.

[0028] Referring to Figure 4 to Figure 7, a typical structure of cell 202 is shown. The cell
202 consists of lines 401 and spaces 402 which are buried under the metal before the
polishing process. Both the lines 401 and the spaces 402 are distributed at intervals from each
other. In one embodiment, the metal may be copper. Referring to the cross-sectional view A
of the cell 202, it can be seen that the cell 202 comprises the first copper layer 403, the
second copper layer 404, the barrier layer 405 and the dielectric layer 406 from top to bottom.
The first copper layer 403 is on top of the barrier layer 405, and the second copper layer 404
is in the line 401. Figure 6 illustrates another cross-sectional view A of the cell 202, in which
the first copper layer 403 has been removed in the polishing process.

[0029] Based on previous estimation, the resistance of the cell 202 can be obtained
according to the following equation:

[0030] R=p L/A=p L/(T*W) (1)

[0031] Wherein p represents resistivity of material; L represents length, more specifically,
the length of the cell’s side; A represents the cross-sectional area of the first copper layer 403
and the barrier layer 405, which is equal to T multiply W; T represents the thickness of the
first copper layer 403 and the barrier layer 405; W represent the cell’s side width.

[0032] In some cases, if the cell 202 is defined as a square, then L will be equal to the W, so
the equation (1) can be converted to:

[0033] R=p/T (2)

[0034] The copper’s resistivity is much lower than barrier’s resistivity, so the resistance of
the copper layers is much lower than the resistance of the barrier layer 405. Moreover,
according to the equation (1), the resistance of the first copper layer 403 and the barrier layer
405 1is inversely proportional to the cross-sectional area A, and which is also inversely

proportional to the thickness T as described in the equation (2). Therefore, as the first copper
4
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layer 403 is removed gradually in the polishing process, the resistance of the polishing area
will become higher and higher. Thus, if the constant voltage mode is applied to the
electrochemical polish, the current will be automatically reduced, by this means, the removal
rate will be well controlled to achieve a good polishing result. This phenomenon can be
defined as self-ending effect of constant voltage mode.

[0035] Figures 8-11 illustrate one embodiment of the present invention. In the embodiment,
a method for electrochemical polish in constant voltage mode is provided. The method
comprises:

[0036] Step 901: presetting a constant current recipe with a current distribution which
comprises multiple positions with different radius on a wafer and a predetermined current for
each position;

[0037] Step 902: applying the constant current recipe to polish a first wafer;

[0038] Step 903: detecting and recording the voltage of each position during the polish;
[0039] Step 904: generating a constant voltage recipe with a voltage distribution which
comprises the multiple positions and the recorded voltage of each position;

[0040] Step 905: applying the constant voltage recipe to polish a second wafer.

[0041] As the constant voltage mode is applied in this method, a good polishing result is
obtained. Referring to Figure 8, a post-process dishing of electrochemical polish in the
constant voltage mode is given. Wherein 35pm and Sum represent different line widths in a
polishing area, C (Center), M (Middle) and E (Edge) represent different position on the
processed wafer. Because of the self-ending effect of constant voltage mode, it can be seen,
in the same position, the dishings between different line widths are very close. And in the
same line width, the dishings between different positions are very close too. On contrary, if
the constant current mode is applied in this method, even in the same position, the dishings
between different line widths will vary widely. And in the same line width, the dishings
between different positions will also vary widely.

[0042] Referring to Figure 10, Table 1 is a constant current recipe which is applied to the
present method. It can be seen that each position has a corresponding current value in this
constant current recipe. Further, a constant voltage recipe is generated as shown in Figure 11.
According to Table 1, the corresponding voltage value of each position is given in Table 2.
[0043] Table 2 is only suitable for fixed process conditions, which implies that the process

conditions should be stable. The process conditions in the constant voltage recipe are as same
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as process conditions in the constant current recipe. Said process conditions including but not
limited to electrolyte flow rate, electrolyte temperature and wafer spin speed. If the process
conditions vary over the designated scope, Table 2 should be regenerated according to Step
901-Step 903.

[0044] In order to achieve a uniform removal profile after the electrochemical polish of the
present method, the predetermined current of the position is proportional to the radius of the
position. Optionally, the constant current recipe is operated in pulse mode and the constant
voltage recipe is operated in pulse mode. Combined with the pulse mode, the removal rate
can be reduced without any side effect for metal surface roughness of the wafer. The pulse
mode is conductive to improving metal surface roughness of the wafer because the pulse
mode can shorten the polishing time and the metal surface roughness is inversely
proportional to the polishing time.

[0045] In one embodiment, the first wafer comprises a bare wafer, and a metal blanket
disposed on the bare wafer. The metal blanket can be a copper blanket, a stannum blanket, a
nickel blanket, an argentum blanket or an aurum blanket.

[0046] In one embodiment, the second wafer comprises a wafer with a plurality of patterned
trenches or vias; and a metal layer disposed on the wafer. The patterned trenches or vias are
filled by the metal layer. The metal layer is a copper layer, a stannum layer, a nickel layer, an
argentum layer or an aurum layer.

[0047] According to the present invention, a relatively uniform Cu line can be obtained, so
the dishing difference will be optimized.

[0048] Although the present invention has been disclosed in preferable embodiments as
above, the present invention is not limited thereto. Those skilled in the art may make possible
variations and modifications without deviating from the spirit and scope of the present

invention. Accordingly, the scope of the present invention should be defined by the claims.
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CLAIMS

What is claimed is:

1. A method for electrochemical polish in constant voltage mode, comprising:

presetting a constant current recipe with a current distribution which comprises multiple
positions with different radius on a wafer and a predetermined current for each position;

applying the constant current recipe to polish a first wafer;

detecting and recording the voltage of each position during the polish;

generating a constant voltage recipe with a voltage distribution which comprises the
multiple positions and the recorded voltage of each position; and

applying the constant voltage recipe to polish a second wafer.

2. The method of claim 1, wherein the predetermined current of the position is

proportional to the radius of the position.

3. The method of claim 1, wherein the first wafer comprises:
a bare wafer; and

a metal blanket disposed on the bare wafer.

4. The method of claim 3, wherein the metal blanket is a copper blanket, a stannum

blanket, a nickel blanket, an argentum blanket or an aurum blanket.

5. The method of claim 1, wherein the second wafer comprises:
a wafer with a plurality of patterned trenches or vias; and
a metal layer disposed on the wafer, wherein the patterned trenches or vias are filled by

the metal layer.
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6. The method of claim 5, wherein the metal layer is a copper layer, a stannum layer,
a nickel layer, an argentum layer or an aurum layer.
7. The method of claim 1, wherein the constant current recipe is operated in pulse

mode.

8. The method of claim 1, wherein the constant voltage recipe is operated in pulse

mode.

9. The method of claim 1, wherein process conditions in the constant voltage recipe

are as same as process conditions in the constant current recipe.

10. The method of claim 9, wherein the process conditions comprise: electrolyte flow

rate, electrolyte temperature and wafer spin speed.
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Step 901: presetting a constant current recipe with a current distribution which
comprises multiple positions with different radius on a wafer and a
predetermined current for each position;

y

Step 902: applying the constant current recipe to polish a first wafer;

y

Step 903: detecting and recording the voltage of each position during the polish;

Y

Step 904: generating a constant voltage recipe with a voltage distribution which
comprises the multiple positions and the recorded voltage of each position;

A

Step 905: applying the constant voltage recipe to polish a second wafer.

Figure 9
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Table 1
Position Current (A)

1 1.50

2 1.43

3 1.71

4 1.90 |
5 2.12 |
6 2.33

7 2.53

8 2.73

<] 2.92

10 3.1

11 3.30

12 3.48

13

14 i
15

Figure 10
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Table 2
Position Voltage (A)
1 30.00
2 3255
3 32.80
4 3465
5 36.13
6 3763
7 39.15
8 40.70
9 42.28
10 4388
11 45.50
12 47.15
13 >
14 R
15 | 7
Figure 11
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