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Abstract

=]

A zinc oxide (ZnO) single crystal was used as a substrate in the hydride vapor-phase epitaxy (HVFE)

growth of GaN and the structural and optical properties of GaN layers were characterized by x-ray diffraction, trans-

mission electron microscopy, secondary ion mass spectrometry, and photoluminescence (PL) analysis. Despite a good
lattice match and an identical structure, ZnO is not an appropriate substrate for application of HVPE growth of GaN.

Thick film could not be grown. The substrate reacted with process gases and Ga, being unstable at high temperatures.
The crystallinity of ZnO substrate deteriorated seriously with growth time, and a thin alloy layer formed at the grovwth

interface due to the reaction between ZnO and GaN. The PL from a GaN layer demonstrated the impurity contamina-

tion during growth possibly due to the out-diffusion from the substrate.
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o] 9 & (laser diode: LD) & &, 2L - 1&¥ Ax}p4xA}
Aze] gyl ol&=HI Utk olEd AEE FE
MOCVD (metal-organic chemical vapor deposition) ¥
== MBE (molecular beam epitaxy) o 2 Alglolo] &
2 SiC 71% $Joll heteroepitaxy A33HA)7 A zstz o,
]9} 7te] heteroepitaxy A4AA17] GaN el 7)ot
2] EAjo] AE o2 AR Aol 10° cm ? o4 HAY3}
o, Zate] Fab A6 8 9%e vxA "ok a7
o] ZAARE Fasislr] 98 Add9ayges 2oz
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Z< HVPE (hydride vapor-phase epitaxy) o2 A}
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standing. GaN 7]%-& Algjo|oje} GaN Alelo] AzlR-=A
b AHYAFATf xpolol] ofsf HAF ol o] Gl
T, ARAFTY HEE 10%m™ AR 82y F& Ho)
@ w3l 39 GaNE§ Algbo]e] 7o 2 ¥¥ Ry
71 218 7IAA Q) At = 2EY #Ho|AE o]4F: laser
lift-off Wby 5 Wz TAHL L35tz 9ot~ GaNg
o} AzEAg o] A1, 3tehA o Aol lwdt ZRE ol
3lod HVPELE 39 GaNE AA17] F 384 oA
of o3 7|#s AAAFE vy zidsA 2EA free-
standing GaN 7]3#& A 2% = ¢1& Ao 2 75},
Alato]ofof] v]E] GaNele] AzpR-Ag o] H|2H HL 7]
A 2 ZE SiC, NdGaO;, LiGa0s; % Zn0O 5o] eb.”
15 % Zn0+v GaN<he) AxpR-A o) of 1.7% 2 »]uy
3 GaN¥} 2 S 247§ 7HAH, 3o s
Jo] 7h’k ASHE dAA o R A 2915 Z7)9] 7ol
53 e} ZnOE MOCVDH =+ MBEWO & GaN
2k 2)717] $18F &322 (buffer layer) 2.2 g A&
o} =10 g, HVPER{e® Zn0 713 ¢l A
£ AR AFE Bol o] FofR|A] gk
EEolAe Zn0 ©24A 7|3 3o HVPEH2 = A
7t GaN-Z A A1 A freestanding GaN 733 917]
71& AF24], Zn0O 713 Yol HVPERH2Z A= o}
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Fig. 1. Surface morphologies of GaN films on a ZnO substrate grown at 900C with growth time of

(a) 10 min, {b) 20 min, and (c) 30 min.

2 2764 GaN& AN ZARE GaN 724 4
A} e 4Ae) sl 2Apshalch.

2. Mg

B QT (0001) He) Zn0 ©2A 7| $ol A A
GaN-& AA2)717] ¢iste] 38 d7Isk HVPEAAE A}
43kl HVPEAR A= 4% w7t e] f5& A8t

L 2ys shs4) 32 Ar)2e A7 80 ram<l A HH-E
Fo 2 FAEY. 37 A7I2Y AL gl Gag FS
Ao BEE A 7|1, 2 dFo& 49 susceptor ¥
o] 5 mmXx5 mm Z7]¢) Zn0 TAA 7)HE Ge] A
Atk Gaol ¥eiA SU: A9 (700-800C) A&
HCl 7}29 Ga$ 4ReA)17 GaClE 343z, ol 7=
o] 7k2al No9t g7 71%e] $X3tx e L2944 (700
-950°C) ol FFstelth T dgeiMe B HEHe
o] 395 NH,h GaCle] §4) ¥-2-8ka] GaN7} 7]
# 9ol ARHES ek AAAIZEE 5-60% H A
WstA R, HCI7b29h NH, 7k 3 2 N, 7k 9] &
g2 Z+z} 30 scem, 300 scem 2 3000 sceme 2 A3}
Al F=sksac.

Zn0 713 $jo AAA)Z) GaN o EAAENE S5 IVA
o2 z2AEY 3, o]F X-4 3 A (double crystal X-ray
diffraction: DCXRD) & $343sle] A= GaNe| ZA%
A A< FrRskach. =3 F3dxhde) 7 (transmission
electron microscopy : TEM) 3} o]x}o]2-2=kE-4 (secon-
dary ion mass spectroscopy : SIMS) & o83} v AT
z9} AR-E ghotalgict. & He-Cd 8o} A ©]4-3t 14
K9 300 K9 24 FFvjvl4ls (photolumine-
scence : PL) & &43}4ch.
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B g 2o 2 wistEdy, Zn0 71 7HgAEsL A
A elA=dch =3, FALEIF 950C olAelME
GaN7F AA= 7] efskes cbEA e} GaN7h B HNHE
ZBozRE AdHe Fe=gck. 900TH =4
GaN AAR&Ez X oF 90um/h °lgc}. Fig. 12 900°C 9
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Fig. 2. DCXRD rocking curves for (0002) plane of C>N films on
a ZnO substrate.
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Fig. 3. DCXRD rocking curves for (0002) plane of ZnO sub-
strates after GaN growth.
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&, 900°Co x4 AAA)zte)
Z7V5t9& @ DCXRD 49 ukx=
4] 5000 arcsec® Z7}stgict.

¥k 0 2 heteroepitaxy AAEE GaNE AAFA|7} o]
S7Fgel wet 7]mate] 3o ojshglo 24 A AHoe] Y
Ageh? Zeid 2 dFelME Zn0 718 o) A=
GaN 2| ZAAAL JAA1zke] Fogte] wat #si= o)
2 o]fE ¥olr7] $J3ted 900CY L&A 5, 10 2
208 F<oF GaNE AAE ZnO 7|19 (0002) Hell o7+
DCXRD F4¢ Af32]#A Fig. 3¢ vehidc}. Zn0 2
(0002) @ thgk DCXRD %X Z& AFAA|7ke] 55q] 7
% 100 arcsecol%ii, 1082 7% 460 arcsec, 2089
7+ 1870 arcsec® g7AJ7bel wel FAsHA F7)st4
t}. o]2H-¥] AAA|7te] F715e) wie} ZnO 7)o A
Aol w2 A vz e & 5 ) ols dHoq B
AT 2 ZnO7F AALENA dAH o2 EaiEA}
NH; 7}2 =& HCl 7F29ho] ubgofl &) A2 33E
£+ YAF7) g2 AR, ZnOE 400-500Ce) &
T4 Cl3# uk8-3le ZnCLE JAs A, 600Ce €5
o4 NHs9 ¥h3-31o] ZnN, 5 FAstA e} %10 ajaha,
HVPEY 2R Zn0OE 7|9 ¢ okale) Fu} GaNES AR
7] M ZnOY 43 ql 89} HCl =& NH; 7k~
o}8] AHEHRSo] o7 WslE EdHo® WA 4 gl=
o] B A Ejojol & Folr}.
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o] 1.7% o= 73tz e GaN el Be Hxd
4 (treading dislocation) 7} &a)8}c}. 3, Fig. 40| 4]

Zn0 71¥3 4749 GaN %A 2o < 100 nm HE9
Ao o] ZASH, Zn0 7)%e] Aol 433 =3
Ho] e e ¢ 5 Utk ols} 2ol 4D GaN Yel4]

Fig. 4. Cross-sectional TEM image of GaN films on a ZnO sub-
strate.
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Fig. 5. SIMS depth profile for GaN films on a ZnO subs-rate.
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Fig. 6. PL spectra measured at (a) 14 K and (b) 300 K.
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TH, Zn9 T AAY oke) 2 pm o)y ETuwE
2.2 A3 FFastd eyt AAE GaN o4 Zn $i#}19)
TEZE JEA o152 4 GaN = A9 Znrl 325
7] §skem, Zn0 71/ WAL Gaol A=k EAhst= A
£ & oth o9} 2L yro B GaN AATA
2l Zn9 out-diffusion®} Ga<] in-diffusionel] 23+ 7
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dhshed 14 K} 300 K& £5e14 9% PL ~9=ag
vebd Fojth 14 Ko 2Tl E 97]2te} T =
3.457 eV R-ZolA ] oFgh g3} 2.87 eVi-TollA] 4bA|
Z0] 360 meV el 7k k=) w3t 9l 25 eV Fhei A
gt 7= wge] P vebitth 300 K9} 2xelAE
294 eVQ} 2.5 eV ¥ wgute] velytch. o)2{g PL

EAL FE In =& Cd 59 oH4H %¢%a A7}A1A
A7 GaNol| A = 519 53] Zne] 729 v

ozt 1.9 eV (HAM), 22 eV (F4), 25 eV (Z4)
2.85 eV (AA) 9 o] /e wduwiert FEF 'Y Hell-
man $& MBE¥Y 2 600 €9 2%4 ZnO 7% $
o] AAAIZ] GaNES-E Znol] & o3& Hustgdet.?
Ueda 52 HVPEHe R GaNE AFAAZ]=d 3le Zn0

29] A7} 200 nm2} HF$ Zn9Y out-diffusionei
—45)] 2.8 eV Aol A 9] o] 7slA yehA Hoha
ok mekA, & Aol FEE 2.87 eV 29 7}
g EFE 719l Zn09) gl Es) FAdA 4AE Zn
7} %= GaN WE out-diffusiondted AAAZ ] 2
I3k, JAHZA AE|ofe] A fAFFA R 243
7} dj&olc}.
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