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Simulation output

= Chemical species distributions in
reactor.

= Gas flow pattern.

= Temperature distribution.

= FIlm deposition rates and composition.
= Common impurity incorporation.

‘ CROSLIGHT
e Software Inc.



.
i .
Fluid Flow

1. Continuity equation

op
2 —_V-(pV
p- (oV)

2. Momentum conservation

6(gtV) =-V-(pVV)+V.-1-VP+ g
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Heat and Species transfer

3. Energy Conservation

o(c,poT)
ot

— —V-(pc VT)+V-(AVT)

4. Species Transport

A0 v (Va)-v-j+5
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Gas and Surface Reactions

= Detailed gas phase reaction models for GaAs,
InP, InGaAsP, GaN and AlGaN materials.

s Precursors: TMGa, TMAI, TMIn, TEGa, TBAs,
NH3, AsH3, TBP ...

s Well calibrated surface reaction models for
GaAs, InP, InGaAsP, GaN and AlGaN
materials.
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Built in Reactor Models

= Horizontal reactor
= Vertical reactor

= Planetary reactor
= Barrel reactor
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User Friendly GUI

."[=Inp... |@Out... 7l Help...l
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max_iter=50

well_mixed

heat_flow
solve n_field
end
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Mumber of total neighbours; 2288

Prezsurelatm)= 0,111 840000000000

Inlet boundaries:
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Flow_rate[zcem)= 5000.00000000000
Flow_rate(gde/om2]]= 1.107275215997384E-003
Substrate boundaries:

boundary_ 3 arealcm)= 0.31236857E+02

Average inlet_mass_flus(gs)= 8.634217230346451E-0
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-_‘ GaAs Growth in Horizontal
reactor
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GaN Growth in Vertical Reactor

A from=[ 000E+00,. 200E+01] & to=[ 315E+11 . 200E+01]

Gakl<d=
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'_‘ 3D Simulation of GaAs Growth
IN Horizontal Reactor
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GaAs Growth Rates in 3D
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XY from=[.00DE+0D, ODOE+DO] & to=[ 120E+02, DODE+0D]

Gafs<d=--growth_rate{um/sr)
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Introduction

¢ Rotating disk has great potential for highly
uniform film growth.

¢ Commercial rotating disk reactors are common.

¢ PROCOM uses a variable separation
transformation to obtain good practical
approximation for efficient gas flow solutions.

¢« PROCOM combines rotating disk solution with
chemical reaction, mass transport, heat transfer
and multiple gas inlet boundaries models.
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Simplified boundaries for H
fuild flow

e
4

¢ the infinite-radius disk and inlet boundary
conditions

Flow Inlet
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Equation systems

¢ Conservation equations

Mixture continuity:

ia_p:_a_u_zv_ia_p:() (1)
p ot OX 0 OX
Radial momentum:
oV 0O oV oV ) .\ 1dp
= —— |- pu——pV?-W?)-Z=m =0 (2
'Oat ax(ﬂaxj pﬂ@x '0( ) r dr )
Circumferential momentum:
oW %) oW oW
= o 2pVW =0 3)
p@t 6x(ﬂ 8xj P OX p
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Viscosity parameters
¢ Viscosity of Gas mixture
Viscosity of each gas species is defined by:
2.6693x107° /M. T . _
1= XZ i rewritten as > ,Lli — 5:“"' WV1i
o Q,Ui
Viscosity of gas mixture is calculated with the Wilkes correlation:
Hinix = Z[Xﬂ le Uj
/2 4 |2 ]1/2
= [1+(ﬂi//‘j)L (Mi/M j)v ] /[8+8Mi/Mj
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Example of GaN growth
IN vertical reactor with Rotating-Disk
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Structure

T o e e

Vertical reactor described by cylindrical coordinate
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Effects of rotating disk
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XY:from=[ 0.000, 2.000] &lo=[ 3.800, 2.000]

growth_rate {um/hr)

T T
GaN<d>

X (cm)

Rotating rate=0 rpm

growth_rate (um/hr)
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XY:from=[ 0.000, 2.000] & lo=[ 3.600, 2.000]

GaN<d>

X {cm)

Rotating rate=1000 rpm

Rotating disk increases GaN growth rate especially near the center of the substrate
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Performace Compared
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XY:from=[ 0.000, 2.000] & lo=[ 4.000, 2.000]

TMG*NH3

DMG™NH2 -5 7]
_(DMG'NH2)3-— 1

“GaCH3

GaCH3)3 —— 1

X (cm)

Rotating rate=0 rpm

mass fraction
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XY:from=[ 0.000, 2.000]&lo=[ 4.000, 2.000]

Ga(CH3)3
TMG'NH3

X (cm)

Rotating rate=1000 rpm

More mass fraction of species tend to concentrate at center for rotating disk
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Performace Compared
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gas
velocity (cm/s)
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The rotating disk attracts the flow towards disk center.
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GaCH3
mass_fraction
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Performace Compared
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File:vertical_gan.std_0001

Rotating rate=1000 rpm

File:vertical_gan.std_0001

Rotating rate=0 rpm

8e-010
7e-010
Be-010
Se-010
4a-010
3e-010
2e-010
1e-010

Most of GaCH3 gathers and takes part in
the chemical reaction in the region of
a rotating substrate.

Nevertheless, lots of it flow out from the
outlet with a immobile substrate.
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File:vertical_gan.std_0001

TMG*NH3
mass_fraction

‘i Performace Compared

) viem More TMG*NH3 flows to the region of
substrate under the rotation than
Rotating rate=1000 rpm that without the effect, which is beneficial
File:vertical_gan.sid_0001 to the grOWth of GaN.
TMG*NH3

mass_fraction

Rotating rate=0 rpm
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Performace Compared

36 v I v I v I v I v I v I v I

() rpm
200 rpm
400 rpm
700 rpm
1000 rpm
== «=1500 rpm
= = <2000 rpm
== = 2500 rpm

Growth rate (um/ hr)

2.0 25 3.0 35
X(cm)

Remark: At lower RPM, rotation increases growth rates of GaN by attracting species to the
disk center. At higher RPM, larger radial velocity leads to more species leaking

3

towards the outlet without having a chance to be deposited on substrate.

Pressure gradient_const=0.01, RPM_ref=1500 rpm
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Summary

PROCOM offers a comprehensive model of MOCVD
process taking into account fluid dynamics, mass
and heat transports, and non-equilibrium gas-gas,
gas-surface chemical reactions.

Rather comprehensive GUI tools are developed to
handle geometry, mesh and chemical reaction
design controls.

The rotating disk model is efficient and clearly
demonstrates the benefits of using a rotating disk
in MOCVD.
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