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Table 1 Parameters of the three factor-level response surface

experiment
Factor
Level
X/ X, Xyfs
-1 30 1.0 60
0 45 5.0 120
1 60 9.0 180

E AN TR Ry JSEAE S
Table 2 Experimental scheme and results of response surface
optimization

Design factor Objective function

e Xy/C X5 Xi/s Y)/mm Y)/%
1 30 1.0 120 0.0107 0.37
2 60 1.0 120 0.0980 1.69
3 30 9.0 120 0.0052 0.10
4 60 9.0 120 0.0441 0.46
5 30 5.0 60 0.0033 0.08
6 60 5.0 60 0.0320 0.42
7 30 5.0 180 0.0101 0.22
8 60 5.0 180 0.096 1 1.38
9 45 1.0 60 0.0158 0.38
10 45 9.0 60 0.0040 0.12
11 45 1.0 180 0.0470 1.27
12 45 9.0 180 0.1930 0.30
13 45 5.0 120 0.0240 0.32
14 45 5.0 120 0.0188 0.37
15 45 5.0 120 0.0174 0.40
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Table 3 ANOVA results of OFL model

Source Sum of square DF"  Mean square F P
Model 1.2700 9 0.1414 42.95 0.0003
X, 0.7254 1 0.7254 22030 <0.0001
X, 0.1223 1 0.1223 37.13 0.0017
X; 0.1723 1 0.1723 52.32 0.0008
X, X, 0.0586 1 0.0586 17.79 0.0083
X\ X5 0.0821 1 0.0821 24.93 0.004 1
X, X5 0.0063 1 0.0063 1.92 0.2245
X; 0.1023 1 0.1023 31.05 0.0026
X; 0.0029 1 0.0029 0.87 0.3928
X; 0.0007 1 0.0007 0.20 0.6739
Residual 0.0165 5 0.0033
Lack of fit 0.0140 3 0.0047 3.87 0.2121
Pure error 0.0024 2 0.0012
Cor total 1.2900 14

1) DF—Freedom degree
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Table 4 ANOVA results of ENU model

Source Sum of square DF"  Mean square F P
Model 3.4500 9 0.3838 117.16 <0.0001
X, 1.2600 1 1.2600 38590 <0.0001
X, 0.9337 1 0.9337 285.04 <0.0001
X; 0.5870 1 0.5870 179.20  <0.0001
XX, 0.2304 1 0.2304 70.34  0.0004
X, X; 0.168 1 1 0.168 1 51.32 0.0008
XX, 0.1250 1 0.1250 38.15 0.0016
X; 0.0820 1 0.0820 25.04  0.0041
X2 0.0748 1 0.0748 22.82  0.0050
X; 0.0006 1 0.0006 0.17 0.6969
Residual 0.0164 5 0.0033
Lack of fit 0.0131 3 0.0044 2.66 0.2849
Pure error 0.0033 2 0.0016
Cor total 3.4700 14

1) DF—Freedom degree
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Table 5 Common SC1 process requirements and feasible process
conditions predicted by response surface model

Predicted parameter Predicted consequence

Condition
X/ C X, Xi/s Y)/nm Y)/%
Condition 1 30 9.0 90 0.0108 0.21
Condition 2-1 60 3.0 90 0.0650 1.00
Condition 2-2 60 6.5 90 0.0430 0.50
Condition 3 55 8.0 90 0.0200 0.24

PIZE 7 AR AE TR SC1 24 0T e £ S A R ek 4 £ i 43
IR JBE 2 RITTRT PN A 359 S 1 3 75 T H A AR 5 4 S B
At

T AR 2R

Table 6 Test results of process conditions predicted by response surface model

Y;/nm Yy/%
Condition RSD//% RSD,/%
1 2 3 Average 1 2 3 Average
Condition 1 0.007 0.012 0.011 0.010 7.41 0.21 0.28 0.17 0.22 6.79
Condition 2-1 0.061 0.055 0.067 0.061 6.15 1.06 0.87 0.91 0.95 5.00
Condition 2-2 0.044 0.051 0.046 0.047 6.97 0.48 0.55 0.41 0.48 4.00
Condition 3 0.022 0.019 0.023 0.021 6.67 0.19 0.22 0.26 0.22 6.94
3 z:él: -L/I:\‘ hydrogen for use in silicon semiconductor technology[J].
RCA Review, 1970, 31(2): 187-206.
o " 2] SR BT B R O RRSE (D). FiE: FEASE
(DR BERIA S B e P (20 ) T ST DL B B
T 43 7, 76 S5 6 B9 5 A4 31 BT P (SCI 25 1 i PR ) A
] ;j& 1 10: Sout - 475. U 03] ARIR, SR, BOELL, . FEA T 20 B
?0~6(? C . SC1# {4\&1@\& 1 -/1.0 : 52:1 - 92 =30, 1 BFFE [1]. 2406, 2015, 36(6): 933-935.
VLT 60~180 s), B AL A HEARAT TIIEIR S gy e o7, i, mi ot i e 0. 1P
SC1 2’5%&12’]’5&%%}&@@? D /HHE(JH&E iﬂ’fﬂxﬁj’ﬂﬁi i 274, 2003, 21(21): 144-148.
BRI GRS IR AT R m 2R, DR T4 (50 e, M. IR Ik i 200 v T RO B

(SEYNE-SISE S R (P OR T & 105 AL TN
(2) &1 XF 3 B DL Y S8 A0 RS T v R, et FH o
AL RIS SC1 T2 S8 b A7 Ji, I3 4 552 56 56 Uk
T A A R . A A, Y [ T UE I R A
90 s, FALARIZE A 3.0 nm B, SR FH 25 TR M 30 °C.
B EE R 12 9.0 = 50 AY SC1 25300 S A B 36 11 52
M f5e /N, AT FMHEAL)Z | B 1A B il 2 AR 5 %
JE B A OB PR AL T2 A 5 Ok 5 A, AR T
P A AR AR T 2 1T 1 ) R R R TR, AT LR
AR e RE R, AR FeA Ry ViR o

S 3Lk

[1] KERN W, PUOTINEN D. Cleaning solutions based on

J& [J]. TR FE, 2022, 38(10): 1-3,7.
WANG J, GUAN F, HANG M, JIA L, ef al. Study on the

effect of water spraying mode on the n content of wafer

(6]

surface after SC1 cleaning in light doping process[C]/
2023 China Semiconductor Technology International
Conference (CSTIC). Shanghai, China: IEEE, 2023: 1-3.
WAI W T, MANAOGARAN V, CHEAT L W, et al.
Studies on correlation between diluted NH,OH concentration
of Pre-GOX clean SC1 and GOX breakdown induced by
silicon surface oxides[C]//2020 4th IEEE Electron Devices
Technology & Manufacturing Conference (EDTM). Pen-
ang, Malaysia: IEEE, 2020: 1-3.

ROCHE, M, DIFER, 45, R BRI L2 58k
R ARBIZE [1]. BT Tolk & B4, 2022, 51(2): 30-
35,65.

(71

(8]


https://doi.org/10.3969/j.issn.1671-8909.2022.10.001
https://doi.org/10.3969/j.issn.1004-4507.2022.02.007

%5 T M, % 3T Box-Behnkenlf i A ALSCLIE TR LIE T. 25 595

(91 FRHOE, VFIRMS, XISE05, 46, 2 Sl v i iRk ug v 184-186.
A ] EREMIREOR, 2023, 55(1): 1-4,34. (12 ST, BUBRIT, AR, 45, i 7 135 p AL 2-(4- 00k
[10] REINHARDT K A, REIDY R F. Handbook of Cleaning for FEIE) TN BEEE S T2 (D). AR FE TR 2R (R
Semiconductor Manufacturing [M]. NY, USA: William An- Bl2EiR), 2019, 45(3): 374-381.
drew Inc., 2010: 46-50. (131 #fhmd, X, 250, 5%, 25 T AHP-EWM 4543 Box-
[11] MAINES H, RATHMELL M, VELDHUIS L. Reduce Behnken Wi Ji [T DAL T2 A8 AR LA PO SR I T2
scrap: Control oxide loss in SCI[C]/13th Annual [ AR B TR 2244 (B SR AR), 2024, 50(5): 678-
IEEE/SEMI Advanced Semiconductor Manufacturing Con- 686.
ference. Advancing the Science and Technology of Semi- (14] sk, T8, —EALRERE IR A P K R 13 2 PG
conductor Manufacturing. Boston, MA, USA: [s.n.], 2002: PRt [J]. ZE RN FH, 2018, 35(7): 42-44.

SC1 Cleaning Thermal Oxide Film Process Optimization Based on
Box-Behnken Response Surface Method

WANG Yuchao!, WU Binbin?, JIA Lili?, GUAN Fenglin?, LI Hu? LI Fang?, ZHANG Yu?, LI Tao!
(1. School of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China;
2. Shanghai Huali Integrated Circuit Corporation, Shanghai 201314, China)

Abstract: With the continuous progress of integrated circuit manufacturing processes, higher and higher
requirements are placed on the surface quality of wafers after wet cleaning to ensure product yield. To mitigate the
thermal oxide film loss and the exacerbated within-wafer non-uniformity induced by SC1 cleaning, experiments were
designed using the Box-Behnken design (BBD) method, and the response surface methodology (RSM) was integrated
to optimize three key parameters of the SC1 cleaning process: Chemical solution temperature, solution ratio ( Vxp,on :
Vi,0, © Vmo ), and process duration. Additionally, the effects of individual factors and their interactive effects on the
cleaning performance were systematically investigated. The results indicate the following: When the cleaning time is
fixed at 90 s and the thickness of the thermal oxide film to be cleaned is 3 nm, the SC1 solution exhibits the minimal
impact on the oxide film surface under the conditions of 30 °C and a solution ratio of 1 : 9.0 : 50; at a temperature of
60 °C and a ratio of 1 : 3.0 : 50, the maximum loss thickness of the thermal oxide film is 0.065 nm, with the increment
of within-wafer non-uniformity controlled within 1.00%; when the solution temperature is 60 °C and the solution ratio
is 1 : 6.5 : 50, the maximum loss thickness of the thermal oxide film is reduced to 0.043 nm, and the increment of
within-wafer non-uniformity is constrained within 0.50%; under the conditions of 55 °C and a solution ratio of
1 : 8.0 : 50, the loss thickness of the thermal oxide film can be maintained at 0.020 nm, while the increment of surface
non-uniformity is limited to 0.24%. This study provides a valuable reference for the parameter selection of the SC1
cleaning process in integrated circuit manufacturing.

Key words: response surface optimization; single wafer wet process; SCI; thermal oxide film loss; surface

uniformity
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