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Abstract

GaN is a material of great interest for both electronic and optoelectronic
applications. Since bulk GaN substrates are not available due to the high
partial pressure of nitrogen at high temperature, the GaN is usually grown on
heterogeneous substrates such as sapphire and SiC. Hence, the growth of
GaN thin films is closely related with reducing mismatches between substrate
and film.

In this study, GaN thin films were grown on a sapphire substrate by gas
source molecular beam epitaxy(GS MBE). After the thermal cleaning of the
substrate, nitridation of the sapphire surface was performed by using the
NH3. The nucleation of GaN was started at low temperature (~600C), then
the substrate temperature increased to grow GaN thin film (~9007C).

To optimize the nitridation of sapphire surface, we have changed the
substrate temperature and NH3 exposure time. The nitrogen content on the
sapphire surface was observed by X-ray photoelectron spectroscopy. And the
growth temperature and V/III ratio for high temperature growth were

optimized.
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Table 1. HEXHQI BtE X2t Wide band-gap Bt& el A&

Semiconductor Materials

Properties
Si GaAs GaP h-GaN | 3CSiC | 6H-SiC
Bandgap(eV) at | ;4 | 44 23 | 339 | 22 |29
RT
Band transition | Indire Direct Indirec Direct Indirec Indirect
type ct t t
Diam Zinc- Zinc- Wurtzit Zinc-
Crystal Structure ond Blende | Blende o Blende Hexagonal
a=3.18
Lattice a=5. | a=5.65 | a=5.45 9 a=4.35 a=3.08
parameters (A) | 4310 33 05 c=5.18 96 c=15.12
5
Melting point 1420 1240 1470 - 2830 |-
. 2 2.320
Density (g/cm?) 02 5.3176 | 4.138 6.10 3.166 | 3.211
A
Thermal a/a=b.
expansion a/g— A a/aA—S 59 a/aA—2 Aa/a=4.2
coefficient (10 3 5; a/a=6 5_ i A 7; " | Ac/c=4.68
°/K) ' c/c=3.
17
Thermal
conductivity 1.5 0.5 0.8 1.3 4.9 5
(W/cmK)
Electron
mobility, RT 1400 8500 350 900 1000 | 600
(cm?/Vs)
Hole mobility, .
RT (cm?/Vs) 600 400 100 20 40 15-21
Break-down field
(106V/cm) 0.3 0.4 4 4 5
Saturated
eIectron_ drift 1 ) . ) 5 2.7
velocity
(10’cm/s)
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Table 2. =

Z3t=2

Properties

GaN

AIN InN
Room temperature energy ga
P _ =y sdp 344 6.2 1.89
(eV)
_ a =318 a =311 |a = 3545
Lattice constant. (A)
¢ =519 c =498 |c =35.703
Thermal expansion coefficient. 4.2 527 56
a. (10° K (17-477T)| (20-800T) | (280TC)
Thermal expansion coefficient. 4.0 4.15 38
a. (10° K (17-4777TC)| (20-800TC) | (2807T)
Thermal conductivity.
1.3 2.0 -
k (W/cm - K)
Melting point (C) > 1700 3000 1100
Density (g/cnt’) 6.095 3255 681
) electrons = 440 - 250
Mobility (cm™/V - s)
hole - 14 -
Breakdown voltage (10°/V - cm) 5.0 - -
A G° (kcal'mol) 233 -682 -23.0
Heat capacity. C; (cal/mol - K) 9.7 7.6 10.0




1.1.2 GaNe| =4

1.1.2.1 GaNe| =cl& S4

AN, GaN, InNet &2 [I-VH slgs ged 2832 288 o=z 11821

OlA 201 "ttt 201 Al It 28 REE Jikle A2z AN UL JI=
Mol glstAl2 S2oHAIRH 2H2F Wurtzite, Zinc blende, Rock salt #XE 2=

Ct. Wurtzite 2= hexagonal unit2 JIXI2Z 2IHS] AKXt &l a2t cE IHX

D space group symmetry= P63mc(C's)0l 2, point group Symmetry=
Cov(6bmm)OICH19]. D10l & JH2l hexagonal closed packed /Z2| sub-lattice
S0l CE2=Z 5/82t22 X0IE SO & BFS XS0l Z2g= +X0ICH
Zinc blende &= cubic unitS JtXl12, 402 M= X2 4042 24 2AXE
TEGD = P2X0IM F43m(Td?)2 space groupS JHEICH. Rocksalt &=
cubic unit2 JtAl12, 2 JA= 6J12 nearest neighborE JtXl= 0L

Rock salt 72X 2| space group2 Fm3M(Oh>)0|Ct[20].

GaN, AN, InN2| &<, Wurtzite 21X 29stdoz otEE R2XEetl)

ne

2
H U2O Zinc blende X = GaN%t InN2| F=20 SiLt MgO, =2 GaAs2
(001)H =0l HFAIZ d2 oHEE FXtn LHAM UL Loz
cubic(Zinc blende)dt hexagonal(Wurtzite) ®#=Z O0|F= GaN, AIN, InNZ2
polytype2 tetrahedral 28 X E 0|F1 Z& Z0l& HI=otXeH, ML V
= A4 HF =M29 X0l REECh Wurtzite 1 £2 Zinc blende #X=

=

C
[ooo11g&d e BE =AMC OG220 1O FXIt HIxotH 22IH

Jm

ro
x

£ Hl=0otCt.
Zinc blende #Z& : GaANAGaBNBGaCNCGaANAGaBNBGaCNC......
Wurtzite == : GaANAGaBNBGaANAGaBNBGaANAGaBNB.........



Juza2t HahnOfl 2|3t X822 Wurtzite

E0E[21] 0/F2 Y2 oI} G

Of et 2o X0l= UKL

Maruska?t TietjenO| 2106t g2l a =

Ct[22]. Table 30l XISWtAl A& Wurtzite & GaN2| Sc2/& =S

o &clotLh

A2

&20M strain0l S20H& &H=

3.189A, c = 5.185A g0l 21&E D QU

0z
=2
o
ol

Bandgap Energy

Bandgap @ 300K = 3.39 eV
@ 1.6K = 3.50eV

Bandgap temperature Coefficient
(T > 180 K)

dEg/(dT) = -6.0 X 10* eV/K

Bandgap pressure Coefficient

dEg/(dT) = -6.0 X 10* eV/kbar

(T = 300 K)

(T = 300 K)
a = 3.18 A
Lattice constant (T = 300 K)
c =5185A
Coefficient of thermal Expansion Aa/a = 5.59 X 10°/K

Ac/c = 3.17 X 10°/K

Thermal conductivity

k = 1.3 W/cm'K

Index of refraction

n(l ev) = 2.33
n(3.38 eV) = 2.67

Effective mass of electron

mex = 0.20 = 0.02mg

Photon modes (T = 300 K)

Ay(TO) = 532 cm*
E4(TO) = 560 cm’
E, = 144.569 cm’
A:;(LO) = 710 cm*
Ei(LO) = 741 cm’

Table 3. Wurtzite GaN2| 22|& £E4
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2.1.1 MBE(Molecular Beam Epitaxy)
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2.3.3 PL(photoluminescence)
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