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Abstract This paper reports on a thermodynamic analysis for the GaN thick film growth by vapor phase
epitaxy method. The thermodynamic calculation was performed using a chemical stoichiometric algorism. The
simulation variables include the growth temperature in a range 400~1500 K, the gas ratios (GaCls)/{GaCl;+ NH;)
and (N.)/(GaCl;+ NH,). The theoretical calculation predicts that the growth temperature of GaN be in the
lower range of 450~750 K than the experimental results. The difference in the growth temperature between
the simulation. and the experiments indicates that the vapor phase epitaxy of GaN is kinetically limited,

presumably, due to the high activation energy of thin film growth.

LN E

FARAG et ngslo] 2 3 LED(Light-
Emitting Diode) 2 LD(Laser Diode)2] 7&3} 7 g,
Azg} €3 e A5A, 3719 FAd na2e 1,
128 ¢ nFve Auxs] 2xbe) 277 258
o me} GaNE& ¥ E3 oY (Wide Bandgap) RI=
Aol it #4lo] =z 3 Qo). GaN+ W= 7o oF
34eVE ARAHM=E Zh= [II-V AFE 5 ES
A AFoln, L FTZ(Wurtzite)E 2t= AIN(Eg=
6.2eV)olut InN(Eg=19eV)9l 37 94429 185
& 71x)7] &l o] W EBE9 FHAHF F ol ulabr
Hag-zie) el A sG] Egaz) sge] 7}
s5ttH1].

9, GaNe AAre] HPEE7} oF 25%10" em/sec,
E}AAEEI} 1.5X10° cm/secEA FREole] AHE
Aol 71Z9) Sivk GaAs Br} $5510 A 2t 7}

8¢ 947} He FEAVF A7I7F < 4x10°V/
cmZA] Si9) 10817F de £A4E Jelllz o =%
A=} el E(mobility)7t < 1000 cm?/V - sec(EF %
=, 107em®9) e #%g 23 U] HEo) Hed 3
AR ¥ ol uFug, uEY L A 4zt A
BEEANE 2% A5 de] YFEm gloH2] 2} of
Age] £ EYd= E7sla ob 1 4o
g7 digh AwAel ola 2 FHAE e
Zilo] d¥F o o|RojxA ¥ e Ao &
3 M 2 EAPeE QREHL e IR HA
(Homoepitaxcy ) 878S A% 42 hud +aiy
7172 Bl ubet ul Ad(defect)o] 2xEAA T A
5 LD 59 218 & A7l sl ok dA) 7]
#o2 AMSHI e Alojols GaNet A 2
Y ZATANN B Xol(AA2HE: 14% , I9F
AlF 25%)5 Vel 1 Yo o2 Qs AAsE o
4Z U g2 AAESS SPA7A o] ¢



GaN ¥% 23| dejghy sidol 2 A7 389

GaN A3 ojgdA e on o|2A MY Ax
A%e A9 FE wel /e s AAEAY 228
FINA FFHog 2R A AAIIA ot
(31

olgi gt EA| A Eol A7|= 3 9l7] wiol] TR ol
Al GaN A% A3 GaN 71%-& A7) 9std
714%2gel A% GaN o373, 3l 2% GaN
HARAA, 1L nY dtollA GaN @E2HFYZ Sl &
3 A7t el APz glvH4-7]. 53] GaAsT &
2 -V & gteA] oA AHgH e 71dFage o
£ A7l visiA 2 AZ4=rt BE ojio] 7] W
£ 239 GaN $ut3 713879 $el8 58 329
e e 43 7PsAel L Aoz A gl o]
o #AF A9} S87FsA0) T8 dFHL AR
(4, 5].

& AR NE ke 32 YoM e e
717l thgt ol3 st o] BrAolr o)F st 4
A wpek 23] Wrg7) W] WeE 59 AT FF
ul2 o] EAste FAAAHAES] Wl Ui d
&l nFo] QAT GaNg 7]43Eae 3l
o} o]ofl gt A2 B o] W3 Hue F3] 00
3 Aol waly B AFdAe sEtted Ay
2] (stoichiometric algorithm)< ©]-&3}<) GaN ¥at/3
ok Zo] B3 DGEHAQ FAFHHE AR, o
A37}Z CVPE(Chloride Vapor Phase Epitaxy)®eil ¢
& GaN Z34 g Aol vlmate 2 %3 7|78 24
staich. :

2. AAHEHN Fx|aH A L

dgeAate e Ak (stoichiometric
algorithm)& o] 83l FAgAdslH e, TZVX.FOR
2 Wyse 22 788 222 738 (main program) 22
AHg-3tieh Fig 12 Y84t AHEE FZ2 039
Azt etkEd AL S AR A At
M Akl AExst FadiH, £ 7IX FaAx}
I RS AAFA 2ok ARZ A el EAE A2
2 335E 3atgEe dgoln SRl A9dE 3F
9 94983 dlojele] Fixolth upeii] £ A4
£ N-H-Ga-Cl9] 43 EA190M A89E + e ZE 35
%59 498 HolelE FHAT BAXALE B3l 4
o d¥gzoz Y5H vojetsg $HH oz MY
o}, Py 2AE Adshke Bad 4938 dolele 2
setEgo| E2dd A dgd(aAH’, 298K), RE4
B A AE23(AS, 298 K), 222 F Y 443 (Cop)

Read : Number of ck und sp
thermophysical data@d S, 4H, Cp)
a |

Read : Initial composition in each phase
(mole fraction, Temp, Pressure)

]
I Write out the input data —'

I Calrainte the stendard state o “j

Determine an optimusn set of basis species
for the formation reaction equation
¥ Calculate the qummln t for the formatl
reaction from the Gibbs Free Energy change
* Calculate the activity coefficients for each species
* Calculste the equilibrium constants for each species

L Has the solution converged ? J
Yes
d) ] No

l Calculate the convergence force J
{
{

I Maximum number of iterations exceeded ? ]
Neo
c) Yes )

L Calculate the Gibbs Free Energy of the system

Calculate the mole fraction and chemical
potential for each species

I Write out the results |

Fig. 1. The flow-sheet of main program of the
simulator.
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Table 1
The list of initial conditions for the thermodynamic calculations of the vapor phase epitaxy of the GaN thin film
/v /v n/v Unit
ratio=1 ratio=2 ratio=3

Temperature range 400~1400 400~1400 400~1400 K
Pressure . 1 1 1 atm
The amount of GaCl; gas 225 450 675 sccm
(group II) injected
The amount of NH; gas 225 225 225 sccm
(group V) injected \
The amount of N, gas 780.88 1561.76 2342.65 sccm
(carrier) in the system ‘ .
The amount of N, gas 2000 2000 2000 sccm
(prevention from back
diffusion) in the system
Total pressure 3230.88 4236.76 5242.65 sccm
Ny/[GaCl; + NH,] 6.1797 5.2767 4.8252
GaCly/[GaCl; + NH;] 0.5 0.6667 0.75
ByAee] AN, FEE Al (activity coefficient)2] 1000
Ajto] Y=Y o] £y 2o WEE wj7ix] wHE %01
sloj k. o] Wl SAzAL Ag) A 12 Afod
A)(Total Gibbs Free Energy)& #4slsle e 24 501
ot 850 Vapar

gelat AN LEHSAE 4000914 1500 K77 38 0.
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Fig. 2. The calculated GaN phase diagram of GaCl,-
NH;-N; system.
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Fig. 3. Calculated equilibrium vapor phase mole fract-
ion of the GaCl;-NH;-N, system.
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Fig. 4. Temperature effect on the GaN deposition yield.
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Fig. 5. Temperature effect on the Ga/Cl ratio in the
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Fig. 6. The effect of the IlI/V flow rate on the GaN
deposition yield.
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Fig. 9. The room temperature PL Spectra of the GaN

film deposited at 1313 K with the III/V flow rate ratio
of 2.
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Fig. 10. The effect of the deposition time on FWHM
of GaN (0002) peak.
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Fig. 11. The SEM image for H-GaN depositeed

without nitridation treatment: the deposition For (a) 5
min, (b) 15 min, (c) 45 min.
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Fig. 12. The SEM image for H-GaN depositeed with

nitridation treatment: (a) Surface micro-structure,
(b) Cross Section.
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