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Analysis of Radiative Heat Transfer and Mass Transfer During
Multi-Wafer Low Pressure Chemical Vapor Deposition Process

Kyoung Soon Park, Mansoo Choi and Hyoung Joo Cho
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Abstract

An analysis of heat and mass transfer has been carried out for multi-wafer Low Pressure Chemical
Vapor Deposition (LPCVD). Surface radiation analysis considering specular radiation among wafers,
heaters, quartz tube and side plates of the reactor has been done to determine temperature distributions
of 150 wafers in two dimensions. Velocity, temperature and concentration fields of chemical gases
flowing in a reactor with multi-wafers have been then determined, which determines Si deposition
growth rate and uniformity on wafers using two different surface reaction models. The calculation
results of temperatures and Si deposition have been compared and found to be in a reasonable
agreement with the previous experiments,
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Table 1 View factors to be considered

Case 1 :

A > 45m

wafer<>wafer

wafer& quatz tube

wafereinner side wall of quatz tube

quatz tubcequatz tube

quatz tube<>inner side wall of tube

inner side wall of tubeinner side wall
of tube

wafer rime>quatz. tube

wafer rim<outer side wall of tube

heater<>quatz tube

heater<>heater

heater<outer side wall of tube

outer side wall of tube<router side wall

of tube

gquatz tubesouter side wall of tube

Case 2 :

A < 45um

wafer<heater wafereside wall

heater<>heater heater<wafer. rim

heater<>side wall side walleside wall

wafer rimeside wall
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Table 2 Reactor configuration and simulation
condition

Reactor 2285 m
Quartz tube radius 16 cm
Quartz tube thickness 5 mm
Furnace radius 18 cm
Wafer radius 7.5 cm
Wafer thickness 0.5 mm
interwafer spacing 5 mm
First wafer 74.5 cm
Temperature 615 T

Pressure 0.325 Torr

Flowrate 230 scem

Inlet gas comosition SiH, - H. =6 : 4
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Table 3 Properties of SiH, and H»

a(A) | e/ks(T) a a: a; ay ds as
SiH, 4.084 207.6 0.14516¢-2 0.13987¢-1 -0.42345¢-5 -0.23606e-8 | 0.13712e-11 0.31134e4
H; 2.827 59.7 0.29432¢1 0.34815e-2 -0.77713e-5 0.74997¢-8 | -0.25203e-11 -0.97695¢3

Table 4 Kinetic constants of SiH surface reaction

Researcher ki(mol Si/m' s atm)

174

ka(atm™ %) ks(atm™)

Roenigk and Jensen[3]

(1.2<1.6<2.0)x 10

(3.0<6.0<9.0)x 10' (6.0=7.0=8.0)x 10

Badgwell et al.[5]

(0.4<2.0<10.)% 10’

(0.6<3.7<24)% 10 (02=1.1=5.9)x10°
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