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1. The MOCVD process
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The MOCVD process

Metal-organic chemical vapor deposition
inlet

susceptor
(heating)

http://commons.wikimedia.org/wiki/File:Argonne%27s_Tribology_Lab_Plasma-Assisted_Chemical-Vapor_Deposition.jpg

Advanced technology to make 
semiconductors.
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The MOCVD process

Gas-phase

Surface

(CH3)3Ga + NH3 = GaN + 3CH4 Production of gallium-nitride
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The MOCVD process

“There is no single design rule for 
developing a CVD process and a reactor to 
implement it. Designing a CVD process 
depends on several important 
considerations. … Process pressure is an 
important consideration ranging from 
vacuum conditions to atmospheric 
pressure or greater. As with most chemical 
processes, CVD is greatly influenced by 
temperature, both in the gas phase and at 
the deposition surface.”

Chemical Vapor Deposition - Precursors, Processes and Applications 
by AC Jones and ML Hitchman (ed.), RSC Publishing, 2009, pp. 104
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2. Reactive flow simulations
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Chemical reactions
reaction rateA    +     B     →           C

r=
d [A ]

dt
=k (T )⋅[A ]⋅[B]

 ◆ System of Ordinary Differential equations.

 ◆ Nonlinear.

 ◆ As many as the number of the
    independent chemical species.

 ◆ Generally stiff.

 ◆ Reaction mechanisms usually
     contain many reactions!
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Reaction rate coefficients

 [] ：濃度

◆Arrhenius form of the rate coefficient:

k (T )=A⋅T n⋅exp(−Δ E#

kB⋅T )
Activation energy Temperature exponent Activation energy

reaction rate

A+B→C+D

r=
d [A ]

dt
=k (T )⋅[A ]⋅[B]

High sensitivity with respect to the temperature!
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Reactive flow simulations
Mass balance equation 

ρ
∂ y i

∂ t
+∇ (ρ y iU )+∇ ji=ri

ρ cp
∂T
∂ t

= ∂
∂ z (λ ∂T

∂ z )−(ρ v c p+ ji c pi
)
∂w i

∂ z
−∑

i

hir i

Solve CFD
Solve chemistry

ODEs for every cells

Update cell mass fractions
and temperatures

y
i
 – mass fraction

j
i
 – mass diffusion flux of 

species i
r

i
 – chemical source term

Energy equation

Transport parameters 
are not in the chemistry 
ODEs, but there is a 
coupling due to reactive 
flow.
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Thermochemical data

Thermal properties

Gas phase molecules

Geometry
Energy (composite)
Vibrations

Specific heat           Enthalpy                  Entropy
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Reaction rate computations

Gas phase reactions

Reaction rate coefficients

Arrhenius form: 
k ~ exp (-∆E / kb T )

 Transition State Theory
k = A(T) exp  (-∆E# / kb T )
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Transport properties

Gas phase non-reactive 
collisions

Intermolecular potential:

Lennard-Jones parameters
Dipole moment

Transport properties
Diffusivity
Viscosity
Heat conductivity

Viscosity

U=4 ϵ( (σr )
12

−(
σ
r )

6

)−μ
2

r3
⋅g(θ ,ϕ)
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Thermal and transport properties in OF

Viscosity: Sutherland-equation μ=
A s⋅√T

1+T s/T

Heat conductivity: Eucken-correlation κ=μ⋅C v⋅(1.32+1.77⋅R /C v )

    H2O
    {
        specie
        {
            nMoles          1;
            molWeight       18.0153;
        }
        thermodynamics
        {
            Tlow            200;
            Thigh           5000;
            Tcommon         1000;
            highCpCoeffs    ( 2.67215 0.00305629 -8.73026e-07 1.201e-10 -6.39162e-15 -29899.2 6.86282 );
            lowCpCoeffs     ( 3.38684 0.00347498 -6.3547e-06 6.96858e-09 -2.50659e-12 -30208.1 2.59023 );
        }
        transport
        {
            As              1.67212e-06;
            Ts              170.672;
        }
    }
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Thermal and transport properties in OF
    H2O
    {
        specie
        {
            nMoles          1;
            molWeight       18.0153;
        }
        thermodynamics
        {
            Tlow            200;
            Thigh           5000;
            Tcommon         1000;
            highCpCoeffs    ( 2.67215 0.00305629 -8.73026e-07 1.201e-10 -6.39162e-15 -29899.2 6.86282 );
            lowCpCoeffs     ( 3.38684 0.00347498 -6.3547e-06 6.96858e-09 -2.50659e-12 -30208.1 2.59023 );
        }
        transport
        {
            As              1.67212e-06;
            Ts              170.672;
        }
    }

C p

R
=a0+a1 T+a2T

2
+a3T

3
+a4T

4Specific heat, enthalpy, entropy: NASA polynomials

H
R⋅T

=a0+
a1T

2
+

a2T
2

3
+

a3 T
3

4
+

a4 T
4

5
+

a5

T
S
R

=a1lnT+a2 T +
a3 T

2

2
+

a4 T
3

3
+

a5T
4

4
+a7
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3. Transport property sensitivity
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Studied model

Axisymmetry 2D

Filled with A, B and C gases, with molar mass, thermal and transport coefficients of 
NH

3
, N

2
 and H

2
, respectively.

Real reaction mechanism is very complex.

Simple Hypothetic reaction, just to study the effect of the activation barrier: 
2A → B + 3C

Different activation barriers were investigated.
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Sensitivity analysis

N
2
 viscosities based on experimental references with synthesized errors

Expt. data: VDI Heat Atlas and CRC Handbook of Chemistry and Physics 90th Edition
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Sensitivity analysis – no reactions
+10 % systematic -10 % systematic

10% left skew 10% right skew
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Sensitivity analysis – with reactions
+10 % systematic

Ea = 100

Sensitivity depends on
the activation energy.

Ea = 200

Ea = 400
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Summary and outlook

 ◆ Simple MOCVD model was built.

 ◆ Thermal, transport, reaction parameters are included.

 ◆ Simple model reaction to test the sensitivity.

 ◆ Uncertainty of the transport parameters influence the temperature 
distribution in MOCVD reactor to a great extent.

 ◆ Sensitivity depends on the activation energy of the chemical reactions.

 ◆ Large sensitivity was observed in the case of small barriers.
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Thank you for your attention!
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