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ABSTRACT: Tantalum wafer chemical mechanical polishing (CMP) is a key process in semiconductor manufacturing. The
work aims to achieve a highly planar and smooth surface texture on the tantalum wafer. The effectiveness of CMP was
determined by the combined effects of chemical corrosion and mechanical abrasion. In this study, electrochemical experiments

were conducted to determine the optimal combination and ratio of glycine and persulfate, with hydrogen peroxide as oxidants.
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The experiments utilized the Wuhan correst CS310M electrochemical workstation, with a mercury-oxidized mercury electrode
as the reference, a platinum electrode as the auxiliary, and a tantalum electrode (with an exposed area of 1 cm?) as the working
electrode. The optimal combination was found to be a mixture of glycine and hydrogen peroxide, with mass fractions of 0.3
wt.% and 3 wt.%, respectively, resulting in a corrosion rate of 0.005 62 mm/a. Subsequently, to establish the optimal range of
process parameters for subsequent response surface experiments, single-factor CMP experiments were conducted using the
electrochemically determined polishing solution. The process parameters tested were polishing pressure, polishing disc rotation
speed, and polishing fluid flow rate, with values ranging from 6.5 to 9.5 kg, 30 to 90 r/min, and 45 to 105 mL/min, respectively.
The experiments were performed on a 1-inch diameter, 1 000 pum thick tantalum wafer that underwent preliminary grinding
using the UNIPOL-1200S automatic polishing machine, with a GL-86 type velvet polishing pad. The optimal ranges for the
polishing pressure, polishing disc rotation speed, and polishing fluid flow rate were determined to be 7 to 9 kg, 50 to 70 r/min,
and 65 to 85 mL/min, respectively. Additionally, response surface experiments were designed based on the ranges determined by
the single-factor experiments. CMP experiments were carried out according to the response surface experimental design, and the
results were input into Design-Expert 13 software to establish a mathematical predictive model and plot response surface graphs.
The model was validated to be effective and reasonable. Analysis of the response surface graphs revealed that the degree of
influence on the polishing effect, from highest to lowest, was polishing pressure, polishing disc rotation speed, and polishing
fluid flow rate. Therefore, the emphasis should be placed on adjusting the polishing pressure in the polishing experiments. The
interaction between polishing pressure and polishing disc rotation speed significantly influenced the polishing effect, while the
interaction between polishing pressure and polishing fluid flow rate, as well as the interaction between polishing disc rotation
speed and polishing fluid flow rate, were not significant. Based on the mathematical model, the optimal process parameter
combination was predicted, with a polishing pressure of 8.1 kg, a polishing disc rotation speed of 70 r/min, and a polishing fluid
flow rate of 79 mL/min. Under these conditions, the achieved material removal rate and surface roughness were 29.445 nm/min
and 0.152 nm, respectively. The study ultimately determines that glycine can slow down the corrosion rate, while oxidants can
accelerate the corrosion rate of tantalum. Mixed electrochemical experiments show that glycine can also mitigate the promoting
effect of oxidants on the corrosion of tantalum. Therefore, glycine can be used in conjunction with oxidants to control the
corrosion of tantalum. The use of response surface analysis can determine the optimal process parameter scheme, yielding
favorable polishing effects, thereby reducing experimental costs and improving experimental efficiency.

KEY WORDS: tantalum wafers; chemical mechanical polishing; electrochemistry; response surface methodology; material

removal rate; surface roughness
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Tab.1 Electrochemistry experiment combinations
wt. %
. Sodium Hydrogen Glycine+Sodium Glycine and Hydrogen Hydrogen peroxide+Sodium
Glycine : .
percarbonate peroxide percarbonate peroxide percarbonate
0.1 0.1 0.5 0.1+0.3 0.1+3 3+0.1
0.2 0.2 1 0.2+0.3 0.2+3 3+0.2
0.3 0.3 2 0.3+0.3 0.3+3 3+0.3
0.4 0.4 3 0.4+0.3 0.4+3 3+0.4
0.5 0.5 4 0.5+0.3 0.5+3 3+0.5
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Tab.2 Polishing process parameters
pressure/kg (r'min") (mL-min")

6.5 30 45
7 40 55
7.5 50 65
8 60 75
8.5 70 85
9 80 95
9.5 90 105

Upper plate

Outlet pipe

— Water inlet

Water outlet
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Fig.2 Glycine electrochemical data (a), sodium peroxydisulfate electrochemical data (b) and hydrogen peroxide
electrochemical data (c) at different concentrations
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Tab.3 Fitting parameters of Fig.2
Glycine N328208 H202

Conc/ Voltage/  Current Density/ Conc/ Voltage/  Current density/  Conc/  Voltage/ Current Density/
wt.% mV (uA-cm ) wt.% mV (uA-cm?) wt.% mV (uA-cm?)

0 0.962 0.199 0 0.962 0.199 0 0.962 0.199

0.1 0.929 0.188 0.1 —0.043 0.623 1 0.163 1.774

0.2 1.324 0.148 0.2 —0.193 1.774 2 0.238 1.712

0.3 1.426 0.137 0.3 —-0.230 98.062 3 0.123 1.644

0.4 1.382 0.109 0.4 —0.059 7.935 4 0.170 1.885

0.5 1.461 0.132 0.5 0.001 0.671 5 0.119 3.336
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Fig.3 0.3 wt% sodium peroxydisulfate electrochemical data with different concentrations of glycine (a) and 3 wt% H,0,
with different concentrations of glycine electrochemical data (b)
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Tab.4 Fitting parameters of Fig.3

0.3wt.% Na,S,05+Glycine

3wt.% H,0,+ Glycine

Conc/wt.% Voltage/mV Current density/(uA-cm ) Conc/wt.% Voltage/mV Current density/(uA-cm )
0.1 0.079 8.784 0.1 0.077 1.280
0.2 0.397 0.829 0.2 0.126 1.007
0.3 0.462 0.541 0.3 0.102 0.797
0.4 0.687 0.420 0.4 0.379 0.573
0.5 0.887 0.181 0.5 0.535 0.441

50 0.24
a
45|
0.22
—~ 40 E:‘
E% g
B 0.20
g 5
£ 30 g
E%_ g 018}
20 E 0.16 |
15F
ok 0.14 F
6.5 70 75 8.0 8.5 9.0 95 6.5 7.0 7.5 8.0 8.5 9.0 95
Polishing pressure/kg Polishing pressure/kg

L4 R S BB R S R R 52 e (a ) FDRHEH fh B 2% THDRLRS BE A5 (b)
Fig.4 Impact of polishing pressure on removal rate of tantalum material (a) and
pressure on surface roughness (b)

impact of polishing
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Fig.5 Impact of polishing disc speed on material removal rate of tantalum material (a) and impact of
polishing disc speed on surface roughness (b)
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Fig.6 Impact of polishing liquid flow rate on material removal rate of tantalum material (a) and
impact of polishing liquid flow rate on surface roughness (b)
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Tab.5 Response surface experiment design and results

Polishing pressure/  Polishing disc rotation speed/

Polishing fluid flow rate/

Material removal rate/  Surface roughness/

kg (rmin") (mL-min") (nm-min ") nm

8 60 75 243 0.143 4
9 50 75 353 0.241 2
8 50 85 26.9 0.173 4
7 70 75 23.4 0.153 7
9 70 75 42.2 0.262 3
8 70 65 27.1 0.1512
9 60 85 40.2 0.254 5
8 60 75 25.7 0.1511
7 60 85 22.7 0.1923
8 70 85 31.4 0.164 5
8 60 75 25.5 0.147 8
7 50 75 20.1 0.1857
9 60 65 38.5 0.250 1
8 50 65 253 0.175 6
7 60 65 20.5 0.193 4
8 60 75 24.9 0.152 4
8 60 75 25.2 0.14
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Tab.6 Variance analysis results of mathematical prediction model for material removal rate

Source Sum of squares Degrees of freedom Mean square error F value P value
Model 740.99 9 82.33 148.14 <0.000 1
Pressure A 603.78 1 603.78 1 086.36 <0.000 1
Speed B 34.03 1 34.03 61.23 0.000 1
Flow rate C 12.00 1 12.00 21.60 0.002 3
AB 3.24 1 3.24 5.83 0.046 5
AC 0.062 5 1 0.062 5 0.112'5 0.747 2
BC 1.82 1 1.82 3.28 0.113 1
A 66.19 1 66.19 119.10 <0.000 1
B 5.71 1 5.71 10.28 0.014 9
c? 8.14 1 8.14 14.64 0.006 5
Residual 3.89 7 0.5558
Lack of fit 2.68 3 0.894 2 2.96 0.160 8
Pure error 1.21 4 0.302 0
Total sum of squares 744.88 16

RT7T FTEEBEHERNERFTEZHMER
Tab.7 Variance analysis results of mathematical predictive model for surface roughness

Source Sum of squares Degrees of freedom Mean square error F value P value
Model 0.028 0 9 0.003 1 50.15 <0.000 1
Pressure A 0.0100 1 0.0100 161.37 <0.000 1
Speed B 0.000 2 1 0.000 2 3.94 0.087 7
Flow rate C 0.000 0 1 0.000 0 0.417 8 0.538 6
AB 0.000 7 1 0.000 7 11.36 0.0119
AC 7.562x10°° 1 7.562x10° 0.1219 0.737 2
BC 0.000 1 1 0.000 1 0.968 2 0.3579
A’ 0.0152 1 0.0152 245.09 <0.000 1
B? 0.000 1 1 0.000 1 0.925 4 0.368 1
c? 0.001 0 1 0.0010 16.40 0.004 9
Residual 0.000 4 7 0.000 1
Lack of fit 0.000 3 3 0.000 1 4.00 0.106 9
Pure error 0.000 1 4 0.000 0
Total sum of squares 0.028 4 16

*8 HREWEFEESH
Tab.8 Model credibility analysis

Number
Statistical parameter Material Surface
removal rate roughness
Correlation coefficient 0.988 1 0.965 1
Adjusted correlation coefficient 0.939 8 0.810 8
Model precision 37.6019 18.902 1
Variance coefficient 2.64% 4.27%

i F A T, e TR F N 1
086.36, LR FHOCEFEH FE (61.23) AL
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Fig.7 Interaction three-dimensional response surface for material removal rate
between A and B (a), A and C (b), B and C (¢)
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Fig.8 Interaction three-dimensional response surface for surface roughness between
A and B (a), Aand C (b), B and C (¢)
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Tab.9 Response surface experiment design and results

Material removal Surface
Parameter type
rate roughness
Degree of importance +++ -+

F10 WMLER
Tab.10 Prediction results

Polishing pressure/ Polishing disc rotation
kg speed/(r'min ")

8.121 70.000

Polishing fluid flow
rate/(mL-min ")

78.954

Material removal Surface roughness/
rate/(nm-min ") nm

30.533 0.157

FER PR SC I HRAE I nT AT S RO SE R I, DR
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P04 LR R TR AR LED N 52 90 B 47 10 6 TR A2
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Fig.9 Image of tantalum wafer after polishing
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Fig.10 Comparison results of material removal rate (a)
and surface roughness (b) between experimental
values and predicted values
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