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In this study, the temperature within a CVD chamber at 10 Torr was numerically
investigated using Computational Fluid Dynamics (CFD). A detailed three-
dimensional (3D) representation of the chamber illustrates the deposition due to
CVD on the showerhead and chamber walls. In this study, the changes in the
average temperature and temperature variation of a wafer, when the surface
emissivity changes due to this deposition, are examined. Additionally, the effects
of varying the process gap, which is the distance between the wafer and
showerhead, on the temperature distribution of the wafer are analyzed. Based on

Radiation these analyses, in this study, specific process variables are proposed to optimize

Showerhead the average temperature and temperature uniformity of the wafer. Finally,

Drift methods to mitigate the impact of changes in emissivity and ensure consistent
CFD wafer quality are proposed.
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Table 1 Properties for CVD chamber components

Thermal
Material | conductivity | Emissivity | Drift
[W/mK]
Gas mixer 167 0.35 X
Top plate 167 0.35 X
——— 1 A6061-T6
Chamber 167 0.2~0.9 (0]
Showerhead 167 0.2~0.9 (0]
Guide ring 13.0 0.9 X
- A1203
Stage heater 13.0 0.9 X
Wafer Si 523 0.68 X
Rarefied gas Gas 0.01 - X

Top View

Front View

Fig. 2 The mesh for CVD chamber model
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Fig. 4 Temperature plot of 300 mm wafer
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Fig. 6 Temperature plot of 300 mm wafer

Table 2 Wafer temperature results according to emissivity drift

In wafer
temperature
range[C]
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22
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5593
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0.9 554.8 1.2 0.9
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Fig. 7 Temperature plot of 300 mm wafer

Table 3 Wafer temperature results according to emissivity drift

Chamber | Showerhead Average In wafer
.o P temperature temperature

emissivity emissivity [C] ange[ C]
0.9 0.2 565.1 89
0.9 0.5 555.1 4.4
0.9 0.9 549.2 2.1
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Table 4 Wafer temperature results according to process gap

Process Showerhead Wafer left-right
gap [mm] emissivity temperature variation[ C ]
10 0.35 0.46
10 0.9 0.23
50 0.35 2.83
50 0.9 2.14

E3] Wafer /99 2= HA7} Process gap 10 mm% oj
Showerhead ®ARE 0.358 7|1&222, 0.46CojA] 2.83CE o3}
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gap Transfer gate@} HojX| =8 A7sof Hrfal FHH.
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e AR 34 5 CVDE Wafer E90]| 9FS 2hS S2HA)7]

=2 12 0™



Journal of the Korean Society of Manufacturing Technology Engineers 33:4 (2024) 172~177

ot 93 B ofUe}, Activation energy®}t ¢1¥o]
7 Wafer U &&= #4330 o ¢ £
2P A, 24 A9 Showerhead
oL}, Chamber UF- 3ol F2to] A ZIfE]H, BAFAZ
—Zro A} Q1 YAkgo] 3P 4+ itk Showerhead ] AL
= 02014 09714 WSt wl, Waferd] Bt 2=%
567.9 COﬂH 554.8C2 13.1C a1el= 7o eyt Tt
HWAgo] Z7FE|HA, Wafer W 2% Hake= 5.8CoA 12C2
7WdE] =, o] Showerheadol] FHAEE 53, QeAoz =
7] WARES AT, $2 o= Q1% Wafer 2= Drift
e A2 2 v 2g 9ugit. ¥ Chamber 39
HANE S Z7MAAE W Waferd] HadEE FAFANL
LL HAE Ad5tE2g2 CVD 22 34 £ Chamber
aorsict. miA]

Wafer U
o] 7

23k

o F22 PAIS] A% Yeto] WRSTHE 2

= A
2O 2 Process gap®| 571 E Transfer gated|
A, GA] Wafer FHO| 2= A7} J3ES Q16 metA
Process gape 3770k El= CVD 37g°|2tH, Transfer Gate
£ wafere} 734 He| wijx|st=Al §&0

thit B oq:,L: 2 i]—aﬂz}j ZAE vigo 2 AA Agate]
2351A] B3} Ed] 2% AAR
S 714 omq Chamber W 7149 E444]+=
o

H oA B

E3)] 2A-efof & FQ3t Parameterst ¥

7|

o

2 s AR RS AdrIE71E
(20021828)3} 2024 = FH7|&w-Suhsta
o] oiqtH] A W Bl LAfThe] X|Ap-ThEH
Al A194(2021RIS-004)0.2 ALE|Qe

m?L'

References

[1]Li, Q., Zhang, Y., Ji, B., Zhang, S., Tu, R., 2023, Improvement
of SiC Deposition Uniformity in CVD Reactor by Showerhead
with Baffle, J. Cryst. Growth, 615 127255, https://doi.org/
10.1016/j.jerysgro.2023.127255.

[2] Tan, S. A., Yu, K. H., Abdullah, M. Z., 2022, Heat Transfer
Analysis on Wafer Annealing Process in Semiconductor
Multi-wafer Furnace using CFD Simulation, J. Mech. Sci.
Technol., 36 3143-3151, https://doi.org/10.1007/s12206-
022-0545-4.

[3] Kleijn, C. R., van der Meer, Th. H., Hoogendoorn, C. J., 1989,

177

A Mathematical Model for LPCVD in a Single Wafer Reactor,
J. Electrochem. Soc., 136 3423, https:/doi.org/10.1149/
1.2096465.

[4] Al Bosta, M. M. S., Ma, K. -J., Chien, H. -H., 2013, The Effect
of MAO Processing time on Surface Properties and Low
Temperature Infrared Emissivity of Ceramic Coating on
Aluminium 6061 Alloy, Infrared Phys. Technol., 60 323-334,
https://doi.org/10.1016/j.infrared.2013.06.006.

[5] Jung, W.-C., Jin, Y.-H., Choi, J.-J., Yang, J.-K., 2018, A Study
on the Wear Resistance Characteristics of Anodic Oxide Films
Formed on Aluminium alloy using a Plasma Electrolytic
Oxidation, Journal of the Korean Institute of Surface
Engineering, 51:6 381-386, https://doi.org/10.5695/JKISE.
2018.51.6.381.

Seoung Kwan You

Ph.D. Candidate in the Department of
Mechanical Engineering, Korea University of
Technology and Education.

#¢ His research interest is Semiconductor and
Fluid Dynamics.

E-mail: soongan@koreatech.ac.kr

Seung Mo Kim

Professor in the Department of Mechanical
Engineering in Korea University of
Technology and Education.

His research interests are Computational Fluid
Dynamics in Semiconductor Equipment.
E-mail: smkim@koreatech.ac.kr




	CVD Chamber 방사율 변화에 따른 Wafer 온도에 대한 수치해석적 연구
	ABSTRACT
	1. 서론
	2. 수치해석 방법
	3. 결과 및 고찰
	4. 결론
	References


