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Effect of rapid thermal annealing of GaN EpiLayer
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Abstract We have investigated the high temperature rapid thermal annealing of GaN epilayers in nitrogen
atmosphere. Annealing has been performed in a rapid thermal annealing furnace at 950C.The effect of rapid
thermal annealing of GaN was studied by x-ray diffraction. The Bragg peak shifts toward larger angle as the
annealing time increases. The full width at half maximum (FWHM) of the peak slightly increase, followed by
decreases, and increases again as the thermal treatment time increases. The improvement of structural properties
of the samples was observed after rapid thermal annealing under optimum conditions. This improvement in
crystal quality is due to a reduction of the spread in the lattice parameter in epilayers.
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Fig. 1. Photoluminescence spectra from as

grown GaN on sapphire.
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Fig. 2 The AFM image of GaN/sapphire surface.
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Fig. 3 X-ray diffraction spectra of GaN on
sapphire sample before and after
annealing at 950°C during 10, 20, 30,
40, and 50 seconds. Lorentzian fits was
obtained with one peak for each X-ray
diffraction spectrum.
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Fig. 5 FWHM value of XRD peaks of GaN on
sapphire with annealing time.

oleig Aol gloid 7t 15 s ARt F& Mz o
4 ) vlEE YA B SE olst 2L % A%
5 o) %o} WYL g 2L gl Bksch

wot 34 Azl dsied 4 7159 % e Al
go] Aoz o] 2 7159 & Wape] e A} th |
el ojzlo] AA AA9 Hake oFIstA 243}
A foie QAE A9 AzEE 9RGS N8
o W& FWHME HolA € Aoldh

FWHMS} 3)22k9) 27]she) Bl g o vl
L @ 4 3Ich GaN ol wjel glold] W A% zke] A

= 7wl 2 94 ko) Azl9} th27] wgel] GaN
olTe EWOA YFHE ot EE FolRrlE A3

< ¢ "ok webA Atgholo) Tl
OiM Y3 GeN 9= 9 A4 A58 %:’bﬂ}-‘é g
38 vk GaNellA| A4 Az} 7he] 7H
01 719 A Az} ko] A E T Atk wEkA Algle]
of 719 ¢l AR GaN olde HHol HP
compressive biaxial stress®} F W 423 tensile
uniaxial stress7t EA8tA |tk
I3 7hge] Atgtolo] 71 $lel] A73e GaN ©l| 9] 9]
Az} 377k bulk GaNe Az} <o w3 Athe A&
8 4 o G A 2Eg 29| &3}
A& upe} AR e FopA| A Ak
o]} 72 A 93te] FFAzE F7hsta, FWHM
2 A2sA Aot B dFA e A% GaN olFe
g Tt Az 2 g4 A& ke ole &
AV Age] AAE HYrh
EPEW XRD—J A}l W}E“‘ g =7 3llA
°‘7~}*‘4 WEEV‘ 3 7:?’\*]7‘4 e °“:}— AE g T3

t}.

v. 28

B dATE 24 B97] sl GaN ol Zol oig
12 I zoel st FESAUh GaN dAHF S
A2 A7+ F7A R webd XA 3d 34 9)39)

& A9 UM F e 37ME AU ®
@ A2 Azte] 5710l w2} Brogg WA 2 4= F
o2 olFat

A Alzte] 0x ¢ 9 HAY A7IE Havt Ha
713 22 FWHME 2+ AME g9l stk 43
GaN 9% 29 ZW Jejo} ZAdel= B A
el g AMS xH Fd AYE SAA B3
Aok

XRD Ao whe} Has zAckhA olFolxe F
& A7} GaN o9 F) A A4 Bejshe A
29 ZEHAS AaAte AME & F alt}

a2y Azl vlXe g3l oy FAE A
A7l ASE s Heg 9428 5% GaN o
¥ FAo QNS HAEA As7] A 4% F
A 2 248 FF AP Q% ALHA A7 8

- 108 -



€t

o2

P

o
rar

[1] J. Sik, M. Schubert, G. Leibiger, V. Gottschalch,
and G. Wagner, “Band~-gap energies, free carrier
effects, and phonon modes in strained
GaNAs/GaAs and GaNAs/InAs/GaAs
superlattice  heterostructures measured by
spectroscopic ellipsometry”, J. Appl. Phys. 89,
294 ,2001.

[2] Soon-Ku Hong, Takashi Hanada, Hang-Ju Ko,
Yefan Chen, Takafumi Yao, Daisuke Imai,
Kiyoaki Araki, Makoto Shinohara, Koh Saitoh,
and Masami Terauchi, “Control of crystal
polarity in a wurtzite crystal: ZnO films grown
by plasma-assisted molecular—beam epitaxy on
GaN” Phys. Rev. B 65, 115331, 2002.

[3] Maria Losurdo, Maria M. Giangregorio, Pio
Capezzuto, Giovanni Bruno, Gon Namkoong, W.
Alan Doolittle, and April S. Brown, “Interplay
between GaN polarity and surface reactivity
towards atomic hydrogen”, J. Appl. Phys. 95,
8408 2004 .

[4] S. A. Chevtchenko, M. A. Reshchikov, Q. Fan, X.
Ni, Y. T. Moon, A. A. Baski, and H Morkog,
“Study of SiNx and SiOZ2 passivation of GaN
surfaces”, J. Appl. Phys. 101, 113709 ,2007.

(5] Qian Sun, Jianfeng Wang, Hui Wang, Ruigin Jin,
Desheng Jiang, Jianjun Zhu, Degang Zhao, Hui
Yang, Shenggiang Zhou, Mingfang Wu, Dries
Smeets, and Andre Vantomme,
“High-temperature AIN interlayer for crack—free
AlGaN growth on GaN”, J. Appl. Phys. 104,
043516, 2008.

[6] SNakamura, @ TMukai and  M.Senoh,
“High-Power GaN P-N Junction Blue-Light-
Emitting Diodes”, Jpn. J. Appl. Phys. Lett. 30,
L1998 , 1991.

[7) A.Osinsky, S.Gangopadhyay, J.W.Yang, R.Gaska,

- 109 -

D.Kuksenkov, H Temkin, LK. Shmagin,
YCChang, JFMuth and RMKolbas,
“Visible-blind GaN Schottky barrier detectors
grown on Si(111)", Appl. Phys. Lett. 72, 551,
1998

[8] MAKhan, ARDBhattarai JNKuzunia and
D.T.Olson, “High electron mobility transistor
based on a GaN-AlxGal —xN heterojunction®,
Appl. Phys. Lett. 63, 1214 ,1993.

[91 MAKhan, JNKuzunia, ARBhattarai and
D.T.Olson, “Metal semiconductor field effect
transistor based on single crystal GaN”, Appl.
Phys. Lett. 62, 1786 ,1993.

[10] ABilleb, W.Grieshaber, D.Stocker, E.F.Schubert
and RFKalicekJr. , “Microcavity effects in
GaN epitaxial films and in Ag/GaN/sapphire
structures”, Appl. Phys. Lett. 70, 2790,1997.

[11] S.H.Cho, H.Sakamoto, K. Akimoto, Y.Okada and
MEKawabe, “Epitaxial Growth of GaN on
Sapphire  (0001) Substrates by Electron
Cyclotron Resonance Molecular Bearn Epitaxy”,
Jpn.J.Appl.Phys. 34, 1.236(199%)

[12) N.Grandjean, M.Leroux, M.Lagt and J.Massies,
“Gas source molecular beam epitaxy of wurtzite
GaN on sapphire substrates using GaN buffer
layers”, Appl.Phys.Lett. 71, 240(1997)

[13] EF.Schubert, 1.D.Goepfert, W.Grieshaber and
JMRedwing, “Optical properties of Si—doped
GaN”, Appl.Phys.Lett. 71, 921(1997)

[14] OBriot, SClr and RL.Aulombard,
“Competitive  adsorption effects in the
metalorganic vapor phase epitaxy of GaN’,
Appl.Phys.Lett. 71, 1990(1997)

[15] LTRomano, B.SKrusor and R.JMolnar,
“Structure of GaN films grown by hydride
vapor phase epitaxy”, ApplPhyslett. 71,
2283(1997)

(16] R.J Molnar, T'Lei and T.D.Moustakas, “Electron

transport mechanism in gallium nitride”,
Appl.Phys.Lett. 62, 72(1993)



2008 128 FHIQUHULESNTVES =2X| M8 HMes

[17]1 L.Sugiura, Kltaya, JNishio, HFujimoto, [19] N.Maeda, K Nozawa, Y Hirayama, N.Kobayashi,
Y Kokubun, “Effects of thermal treatment of “Effect of thermal annealing on electrical
low- temperature GaN buffer layers on the properties in MBE-grown n-type GaN films”,
quality of subsequent GaN layers”, Journal of Crystal Growth 189/190, 359 (199%)
J.ApplPhys. 82, 4877(1997) [20] N.IKatasavets, GMLaws, I Harrison,

[18] N.Chand, RPeople, F.A.Baiocchi, KW.Wecht, EClLakins, T.M.Benson, T.S.Cheng, C.T.Foxon,
AYCho, “Significant improvement in “Study of GaN thin layers subjected to
crystalline quality of molecular beam high-temperature rapid thermal annealing”,
epitaxially grown GaAs on Si (100) by rapid Semiconductors 32(10), 1048(1998)
thermal annealing”, Appl Phys.Lett. 49, [21] F.APonce, “Defects and interfaces in GaN
815(1986)

epitaxy”, MRS Bull. 22, 52 (1997)

o] ¥ A(AzY)
1819 Fddiste AAEss ¥ f -
A}
1985 grdjstm AxE S 33t
S
<2004 BAgEE dAEEe 8
Hha} <2007 29 ~ BA) ALt wy
« 1988 ~ 2008 @A) ALt IT Bl G ATy as
et A BAFER ARFsY A5 < PAROE > WA x4 @ SgHo}
<BARO} > AT A7, DEH A AZFA7E RF 3
234 2 A7

19704 2etn Belskat ofsiat
19833 A g2sk ol
A

Foha} s

- 110 -





