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Abstract We grew the hexagonal GaN films on (100) Si and (00.1) sapphire substrates in the temperature range of
300~730°C by the direct reaction between thermally ionized N-source and thermally evaporated Ga-source. The GaN
growth rates are increased at the initial stage of GaN formation and it was saturated to some values by the coalescence
of each crystallites. The oxygen signal was observed in XPS spectra for all the GaN films grown in this work, especial-
ly low-temperature grown GaN film may due to incorporation of the residual oxygen in the growth chamber, The sur-
face of low-temperature and shorter time grown films covered only Ga-droplets, however, with increasing the both
substrate temperature and the growth time GaN is growth to crystallites, and coalescence to ring-type crystallites.
With sufficient supply of N-source, they were changed to platelets. In the PL spectrum measured at 20 K, we ob-
served the impurity related emission at 3.32eV and 3.38eV.
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Fig. 1. Schematic diagram of reactive ionized beam epitaxy
system for the GaN thin film growth.
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Fig. 2. Growth time dependence of GaN thickness under ther-
mally ionized N and unionized NH; as nitrogen sources,
respectively, for GaN deposition on Si substrate hold at the tem-
perature of 700C.
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Fig. 3. Plot of the GaN growth rate as a function of growth tem-
perature.

Ae AAzx7de FA8A SV F d2 9 A7 o] F
= AAE F7AY, dAEHA A=A ol 2ol A
ZFA1Zkel wie} GaNwpete] F47) Wstsle 21 GaN 9
Az 2715 A6l SizlE ¢lel GaNZA #He| FHH ¥,
QA Azke] Aupghel] wiet $x -l Aol ol AR
=7} Z71HA =H, Alzte] AR Folle ZA A F4
22 £ Yafo] o]foj o 24 GaN2| FA7} A 3]
7t AY o ol F718kR] ¢hE Ao B oJAFIc

=3 GaN9 A& ¥ NH,o 38 5X10 ‘mbar® +
Z)5lH 4] o2 o] % N& M-8l 43417l GaN
9] EAE NHsE o]23kA] okn A4 GaN 2] 7]+
vjsle] oF 50 % HT F7lsblch. =3 ¥4be] 5x107*
mbarol 4 2X 10 ‘mbar& &7}sl4H 22 A7ke A3
GaN &) 547} F7}8hsich,

o]ZRE NH,& 9™ sl A3 o]&stg N
& AHsle Aol £ NH.E AMHSlE Aol visted
GaN e ZAAA e T3l N-sourced B} &4
2 AFsie, =% GaN9 4AE 9%t FF8h= N-
souce?] oko] GaN ZAA ) A& E AA sl F87 A
A4dg o 5 Qloh

2% 38 GaN9 4273 NHs9 ¢h8& 717 60+
#F} 5% 10 *mbar® YAFA FRF2 Si 7B 2= F
WA 7S o GaNeo| AZEx9) GaN2 AAE Alol
BAE eld Aol 4o B o]23tyl N& 2143 7
£ Aze s} 600°CHA 7T30°CE F713Hd wel GaN 9
AA-E-& 304nm/hrell 4 427.8nm/hr 2 718t =3k
YT =7 A NHsE o] 234712 g AAsr 739l
AA& 27} 700CNH A-EL 255.Inm/hrell 1, 720

F . o) 235 N-sourced

A& GaN wrobe) 473

it
o,

231

Coll A= 274nm/hrZ GaN 2] o] 715t A e, ©)
235 N& AH83H51e ol u]ste] Lo @& A&
Wby} 2okt olw o] 28Hd N& AHS-3he A% N# Ga
Apole] ZHite] wi2A) AW £ NH; £917]0141 9]
AR Y] F7kke ez 04747“‘4 =g 432
=o tiste] GaN ] YAEo] ALHo R Frlshe 2L
Si7|# #lo 4A& GaN& A¥ ‘”H Well 4] d-o g
=2 2 & vehd ot

L. GaNgjatol 5)5Hf abej

dxo 2 o]23td N3t Gad AA ¥H&A1A 700C
2xoM 60% Bt (001) |9 Sizld ot 4FAz)
GaN¢t c-d9 Atgholo] 71 9ol A% GaN 2 o]
2357 ¢ oY NHE AHE8te] Sivig el A3k
A17) GaNell gk XPS ~HEHE vjwsle] 2§ 4
etiict. =3 GaN el EHE 5% < 23" T Fo
SAY st A8 E 1o bl ols} 22 513t
du-e ARt Ao EEAIHC] Qe BAE S
BAZ 5 ik mebA 4AE GaN 9| shahd Jg
FHo g vlwstrizt 2Rsl FAHA o znk Fristyd

Mo

)..

oo e Jzt J

-4 BE AJHellA Ga} Nol i3k Ga3de} Nise) &
o] ztzt 23.50eV et 401.13eV o4 vehd AU ZRE
SiZ)F ¢l Ga} Neo] depositHe] & & & Yrf. =
g A 59 AlHeld 04 FE Izl dFsl= Ols9
wto] 534.92eV o 9RelA AEFH}. ol= GaNw

o] AAaA F AL chamberWo] R}Fste A7) &9

©GaN(ON)Si

¢) ionized N-source

700‘C—60mtn

| S

GalN/(001) Si

PR U S N T S

Intensity [arb. units]

a PR Y

0 200
Binding Energy [eV]

Fig. 4. XPS survey spectra of GaN films grown on Si and sap-

phire substrates using thermally ionized N and NH, as a nitro-
gen sources.
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Table 1. Compositions of GaN films grown on Si and sap-
phire substrates.

Table 2. Compositions of GaN films grown on Si substrate
with growth time.

growt]? time 0 Ga N
{min)
30 | 127 83.9 34
60 74 76.3 163
120 63 75.8 179

Table 3. Compositions of GaN films grown on Si substrate
at the different substrate temperature.

oo T T 0 |y
temp. (C)
300 15.2 83.6 1.2
500 29.3 68.1 2.6
700 74 76.3 16.3
’_,
730 6.3 779 15.8

N-source 0] Ga N substrate
ionized 6.1 74.6 19.3 AlLOs

unionized 74 76.3 16.3 Si
ionized 6.3 75.8 179 Si
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Fig. 5. SEM view of the surface of GaN films grown on Si using a) ionized N and b) NH; as a nitrogen sources, respectively.
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Fig. 6. SEM view of the surface of GaN films grown on Si substrate obtained using thermally ionized N as a nitrogen source at sub-
strate temperature of a) 300, b) 500, ¢) 600, d) 700, e) 720, and f) 730°C, respectively.
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Fig. 7. SEM view of the surface of GaN films grown on Si substrate at the partial NH; pressure of a) 5% 10 *mbar and b) 2x107*

mbar, respectively.
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Fig. 8. XRD patterns of GaN films grown on Si and sapphire
substrate using ionized N and NH. as nitrogen source,
respectively.
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perature.
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Fig. 10. XRD patterns of GaN film grown on Si substrate at the
substrate temperature of 700 C for different growth time.
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Fig. 11. PL spectra measured at 20 K for GaN films grown on Si
and ALO; substrates using thermally ionized and NH: as nitro-
gen source.
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