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1. Thermal/chemical energies and Henry’s law constant in the silicon hyperthermal
oxidation system:

With Equations (22)-(25) in the manuscript, we use the software tool — Matlab to
program and simulate the distributions of the thermodynamic and chemical reaction
energies with respect to three temperature values: 700°C, 1000°C and 1300°C as
shown in Figure 2(a), then with Equation (8) obtain the total internal energy of one
molecule as shown Figure 2(b). Further, we simulate the Henry’s constant H in the
hyperthermal oxidation process of silicon with respect to these three temperature values
as shown in Figure 3(a), then by setting an oxidation time of 1.0 h, we simulate the
temperature dependence of H as shown in Figure 3(b). The follows are the start and
end parts of the program.
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2. Analysis for the diffusivity effect upon the Growth rate of silicon dioxide (SiO>)

in the thermodynamic mode
With the high initial diffusivity value of 8.4x107 (m?s™), and the low initial
diffusivity value 1.0x10° (m?s1), for the three temperatures: 700°C, 1000°C and

1300°C, with Equation (2) and the E, effect on the diffusivity of oxidant, we obtain the

simulation results of the oxidation time dependence of SiO, growth rate with respect to
four cases as shown in Figures 4(a) and 4(b), respectively. The follows are the start and
end parts of the program.
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3. Growth rate of SiO> layer in the thermodynamic mode:
3.1. Thermodynamic Model of H with Pfeffer/Ohring’s model of D:

Used the following program to simulate the oxidation time dependence of SiO>
growth rate at 21 temperatures in 700-1300°C, then obtain 21x21 matrix, then created
the dual temp/time dependences of SiO. growth rate as shown in Figures 5(a). The
follows are the start and end parts of the program.
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3.2. Thermodynamic Model of H with Kostinski’s model of D:

Used the following program to simulate the oxidation time dependence of SiO>
growth rate at 21 temperatures in 700-1300°C, then obtain 21x21 matrix, then created
the dual temp/time dependences of SiO, growth rate as shown in Figures 5(b). The
follows are the start and end parts of the program.
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4. Thickness of SiO2 layer in the thermodynamic mode:
4.1. Thermodynamic Model of H with Pfeffer/Ohring’s model of D:

Based on simulation results for the Henry’s constant and the growth rate of SiO>
shown in Figures 3-5, by selecting the Pfeffer/Ohring’s model of the diffusivity, with
Equation (3), for the two cases in the above simulations, we obtain the simulation
results of the 2-D dependences of the SiO> thickness on both the oxidation temperature
and time as shown in Figures 6(a). The follows are the start and end parts of the
program.
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4.2. Thermodynamic Model of H with Kostinski’s model of D:

Based on simulation results for the Henry’s constant and the growth rate of SiO>
shown in Figures 3-5, by selecting the Kostinski’s model of the diffusivity, with
Equation (3), for the two cases in the above simulations, we obtain the simulation
results of the 2-D dependences of the SiO> thickness on both the oxidation temperature
and time as shown in Figures 6(b). The follows are the start and end parts of the
program.
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5. Henry’s law constant in the empirical model:

5.1. Empirical Model of H with the molecule interaction parameters: o, =1.0, ¢,

has three values as 0.7071, 0.9747 and 1.2247
For Henry’s law constant from the empirical model extracted from the published
data, with Equation (7), the simulation results of Henry’s constant dependences on

temperature with respect to the above three values of &, and three values of o, as

shown in Figure 7(a). The follows are the start and end parts of the program.
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5.2 Empirical Model of H with the molecule interaction parameters: parameter

£, =10, o, hasthree values as 0.750, 0.975 and 0.625

For Henry’s law constant from the empirical model extracted from the published
data, with Equation (7), the simulation results of Henry’s constant dependences on

temperature at ¢, =1.0 and the three values of o, as shown in Figure 7(b). The

follows are the start and end parts of the program.
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6. Growth rate of silicon dioxide (SiO.) in the empirical mode:
6.1. Growth rate of SiO, with the molecule interaction parameters:

o, =10, £,=0.7071
For System VII, by selecting the Pfeffer/Ohring’s model for the diffusivity of H20

in SiO2 as D,=1.0x10"° (m%™)/E, =0, with Equation (2), we simulate the thermal

oxidation rates depending on both the oxidation temperature and time for these two
systems as shown in Figures 8(a). The follows are the start and end parts of the
program.
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6.2 Growth rate of SiO> with the molecule interaction parameters:

¢, =10, o),=0.625

For System XII, by selecting the Pfeffer/Ohring’s model for the diffusivity of H20

in SiO2 as D,=1.0x10"° (m%™)/E, =0, with Equation (2), we simulate the thermal

oxidation rates depending on both the oxidation temperature and time for these two
systems as shown in Figures 8(b). The follows are the start and end parts of the

program.

4\ MATLAB R2014a

X

o DI - |

o JHurmm ""’"‘j‘f”;-“' i 4 £3 > kﬁ‘* |2 Run Section i‘f
s Opas Save  Ln ComONs > | Comment 56 g 3 ‘um“'mmum& el
v - v 4Pt v Indent ;| =7 |7 s4Find v - v  Advance Time
| FILE EDIT NAVIGATE | BREAKPOINTS RUN "
@ % EE » 1> Degui » ACADEMY After2012 » Changchun & Students » Graduates Ph.D » Yu Ting » New Programs and Simulation Results » Henry Constants from TD for JPCCPaper v P
Current Folder o - : Workspace @
o bastid [ Name < Comma
@9 Simulations .. & | 1 H e
#) RIGHT_EQUA... 2 Hcav ey
#) RIGHT_EQUA... 3 Bl e 0
#) statistic Si02 ... ] - choic | Rel
#) Statistic Si02 ... 5 Hi cp
#) Statistic Si02 ... €~  lambda_mic=1.SS; HH cu 4
#£) statistic Si02 ... 7 c=3.0e+8; =
#) Thermal Ener... & HEN
#] Thermal Ener... 9 tc = HEN
#£) Thermal Ener... 10 % HEN
#) Thermal_Che... 1 HEN
#] Thermal_Che... 12 - HEN
#) Thermal Che... 13 = HEN
#) Thermal_Che... 14 ~ CU=1.0e-6: ]
#) Thermodyna... 15 = e
#) Thermodyna... 16 - 3
#) Thermodyna... 17 |
£ Thermodyna... 18 - HEN
#) Thermodyna... 18 = HEN
#) Thermodyna... 20 - HEN
£ Thermodyna... - HEN
£) Thermodyna... 22 GRW
) Th d v [ 23~ Qe=1.6e-19; $ The e Le GRW
A Command Window

H P EXBEMNMIBERNNE

4\ MATLAB R2014a

2:29 PM

© 2021-06-14

gl — 2] G FndFies Insert i v 9 ‘ &
- R ‘:/" £l ‘JG;Y Ed B B pjumsas &
. Compare v Comment %) LRd
New Open Save % 8 i3 A Bresiponts Run Runand | Advance Runand
- indent 1| 3/ i 4Fnd v - ~  Advance Teme ‘
| EDIT NAVIGATE BREAXPOINTS. RUN ]
¢« N\ ACADEMY After2012 » Changchun & Students » Graduates Ph.D » Yu Ting » New Programs and Simulation Results » Henry Constants from TD for JPCCPaper v p
Current Folder DEMY Aft & Students\G 5 2 Workspace ®
Name 0S_ MODEL HDEa_3VALUES.m GRWRATE via_OXIDATION, SOSDIFF1_02A1 3VALUES.m Name
B Sinittion £ B Ta= NURER ¥ — Comma
3 Simulations f... = : = He
73 - | DENUM ks/h_2+ks*tox_s/D_SO) ; Lo "
#) RIGHT EQUA... e +ks/h_2+kstrox_s/D_s0) Hc av herey
5 7 74 = What di
#) RIGHT_EQUA... s e
#) Statistic Si02 ... o i Rel
- Sonprke €
#) Statistic Si02 ...
B 7 A
#) statistic SiO2 ... et
#) statistic Si02 ... 2 o
#) Thermal Ener... = HEN
#£) Thermal Ener... gl HEN
#) Thermal Ener... D HEN
£ Thermal Che... e HEN
£ Thermal Che... ;4 i - HEN
#) Thermal_Che... = ‘ = HEN
#) Thermal Che.. 5 2
- % B= H
B heriodyee.. 87 -  tox_s=tox_STA:tSTEP:tox_END HEN
%] Thermodyna... o - - = |
- o &l
é::’"m:y“‘ ’ 89 -  tox_min=tox_s/60; HEN
i o % -  tox_hr=tox_min/€0 ]
%) Thermodyna... & - -
#) Thermodyna... 2 l|
#£) Thermodyna... 4
#) Thermodyna... 2 %
#) Thermodyna... v |__
etails A Command Window

H P EXBHNFBIERONE




7. Thickness of SiOz layer in the empirical mode:
7.1. Molecule interaction parameters: o, =1.0, ¢, =0.7071
For System VII, by selecting the Pfeffer/Ohring’s model for the diffusivity of H20
in SiO2 as D,=1.0x10"° (m%)/E, =0, with Equation (3) and the same values of

parameters as used in the above simulations of silicon oxidation rates, we obtain the
simulation results of the 2-D dependences of SiOz thickness of System: VII as shown in
Figure 9(a). The follows are the start and end parts of the program.
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7.2 Molecule interaction parameters: ¢, =1.0, o, =0.625
For System XII, by selecting the Pfeffer/Ohring’s model for the diffusivity of H20
in SiO2 as D,=1.0x10"° (m%™)/E, =0, with Equation (3) and the same values of

parameters as used in the above simulations of silicon oxidation rates, we obtain the
simulation results of the 2-D dependences of SiOz thickness of System: XII as shown in
Figure 9(b). The follows are the start and end parts of the program.
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