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Fig.1 Vertical HVPE reaction system
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Table 1 Growth conditions for HVPE-GaN epilayers

- GaN i KRS BNy A HCI/slm NH;s /slm Lo .
ERPE S % Jum /c ik /sim N ol N NHS Az K I [] /min
S 1 A 2 1050 3.0 0.7 0.010 0.5 1.0 10
SLEG 2 B 2 1050 3.0 0.7 0.020 0.5 1.0 60
S5 3 C 2 1050 3.0 0.5 0.020 0.5 1.0 60
SLIG 4 D 0 1050 3.0 0.7 0.020 0.5 1.0 60

HCI(g) + Ga(s) = GaCl(g) + - H, (g)

GaCl(g) + NH;(g) = GaN(s) + HCI(g) + H, ()
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Fig.2 Surface morphology of samples (a) Surface
morphology of scheme one; (b) Surface morphology

of scheme two
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Fig.3  Thickness distribution of the epilayer b:
Scheme two; ¢ :Scheme three
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Fig.4 Morphologies of scheme two (a) Crack at

the bottom of epilayer; (b) Surface of the same posi-
tion; (¢) Crack from epilayer to substrate
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Fig.5 Morphology of scheme three (a) Crack and

foreign grains; (b) Added foreign grains on epilayer
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Fig.6 Surface morphology of scheme four
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Fig.7 SEM photographs of samples (a) Cross-sec-

tion of scheme four; (b) Cross-section of scheme two
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Fig.10  AES analysis of sample grown according to

scheme two

s AN T AEAR ) T [ s B AR5 & 0 485 O Il A —
FE WAL . Bl 2 AR A A AT L B BROBURL Y 45 & 7 1] 38
W SRRy B X R T AR 1 TR )RR
FER/INAIAE DL T HRU 2 w8 S B R 1 I A ANl
FBHR 5 O th T AN IE 2 545 IR 2 B AE AR
[ A% SR IC . GaN BUA% % B2 /I o B R 45 b 0RO L T
H¥m T =4 5 R AR 3k 18 B T A I )2 2% TR
e v /N N A L N B VN S N I S RS R e L 2
HEEE ORI S G I TR MEIEINE)Z 54
P51 RO TR A < NG+ o PR [ IR 1 = S s B <2
Wl X 22 i i B T AR K AR AL e Ah B TIRA
GaN Bifl , GaN 75 ¥ F A1 3% 1 B A K B, 50k i
LI 2 7 1) AR AR AR RS RIS B 25 A1 428 J2 049 AN 7
JE X T ¢ A S5 AT SR AR AE — 2 R A
1M1 T B € vw 45 48 5| e~ i 5 i 58
PL A B 6 n e S O 24l o671,
¢fit O 78 GaN h =2 5478 N 500 &, 1F il 3=
F U Ox BEFEE S MZE AR B 241 n-GaN 1, Ga
S (V) BITE BLRE S iK1 o BRI On 2% J5 M A7 1E
WIRELFE SRR BT Vo, O 35 1) H i - 5 i B
Ve TR # 2 1A 1. 9e VI H It Ve, 7 4E KA



4 6 11 5P,

W5 5 A e _F HVPE-GaN JE 2k K 907

B Jad B AR % 5 & A2 i B . Negebauer 25 AN |
FHES —PEIR A9 2 W] Vo i 5 On 456K Fa 2
(I (Vo O B A 1 H% B A W LIRS 1 Ve, 8
REEE I8 % E A RTE n-GaN FAE A IKZ T /E
P gl B RS L 4B O MR IR T 5 %
AN, (AR, B EENERATAERENSR
Mo TAERERAOHES, A5 EHA 1.3X
107" Pa, BLBH AL A7 — 8 40 58 4% 25 A B 78 I VL %
5] s 28 1 VA L R ol i O A - R WD i
BOG & Bk e B AR

AN S K EE DU RE S G H R R AR K
s 33X AT e S B AR S T 4% T (B D 3 3 4
FREC M TERE A A AR BRI EOC RS B T 1
T 3. 444eV AT K& B LA, BE AR TE 2. 93eV A4
WA —AR 58 Y W% & 5T (2. 83eV Ky &k I Kk G
). EF X — &R IR, H AT 4. Ma-
son"" Al Binet " I\ Ny . 1xX — ¥R IR 0] fig 5 S E 2 R
445 Fe 4 o5&, DUAE &b 17 320 06 43 B4 T 3. 444,
3.42163,3. 41316 1 3. 4122eV , B 45 i1 % §F % Wi 21
B . —J7 I 3K AT fig 2 KA A1 AE )2 T R g 32 /) 5
gy — 7 T AT BE 5 AN E 2 rp 2% T (B BED 1 i 8 m
Hx.
4 it

FIFH HVPE J5 ¥k 76 5 A0 0 i B 23R A
i) 1 A 4 T R A5 A Al i 45 2R . MOCVD-GaN #i Al
) GaN A RARME AL JZ AR 4B 2R <L 32 A iR
Jd 7 5 2 RE AR A 1417 R R U IEE
ARSIE B A W T A AR B B R
A, M TR SRR 26 181 . B 7 7= A T A 2 5 4 S
Z ) S AL B AR B R RA KRR
T AL 5 DAL AT RLRE TN 3 98020 TF 38 A b Y
GaN A=, A 78 B¢ 1 Ak JE ¥ I8 LI e 2 5
TF2E HCT B /N X 40 1) 992 52 17 A7 o AR
F AN JZ P S 2% B AT AR B 5T ATR 2 T2 1E
e 3 HEOE KT
£ & Uk
[1] Nakamura S,Senoh M, Iwasa N, et al. High-power InGaN

single-quantum-well-structure blue and violet light-emitting
diodes. Appl Phys Lett,1995,67:1868

2]

[6]

7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Xu G Y.Salvador A.Kim W,et al. High speed,low noise ul-
traviolet photodetectors based on GaN p-i-n and AlIGaN(p)-
GaN(i)-GaN(n)structures. Appl Phys Lett,1997,71:2154
Amano H,Hiramatsu K, Kito M, et al. Zn related electrolu-
minescent properties in MOVPE grown GaN. J Cryst
Growth,1988,93:79

Amano H, Akasaki I, Hiramatsu K, et al. Effects of the buff-
er layer in metalorganic vapor phase epitaxy of GaN on sap-
phire substrate. Thin Solid Film,1988,163:415

Karpinski J,Jun J,Porowski S. Equilibrium pressure of N3 o-
ver GaN and high pressure solution growth of GaN.J Cryst
Growth,1984,66:1

Safvi S A, Perkins N R, Horton M N, et al. Hydride vapor-
phase epitaxy growth and cathodoluminescence character-
ization of GaN thick film.J Cryst Growth,1999,203:1
Wang H,Chen A B. Calculation of shallow donor levels in
GaN.J Appl Phys,2000,87:7859

Mattilia T, Nieminen R M. Point-defect complexes and
broadband luminescence in GaN and AIN. Phys Rev B.
1997,55.:9571

Orgino T, Aoki M. Mechanism of yellow luminescence in
GaN.Jpn J Appl Phys,1980,19:2395

Saarinen K, Suski T, Grzegory I,et al. Ga vacancies in elec-
tron irradiated GaN: dependence of introduction, stability
and temperature positron trapping. Phys B,2001,308~310:
77

Oila J, Ranki V, Kivloja J, et al. Influence of dopants and
substrate material on the formation of Ga vacancies in epi-
taxial GaN layers. Phys Rev B,2001,63:045205

Uedono A, Chichibu S F,Chen Z Q.ect al. Study of defects in
GaN grown by two-flow metalorganic chemical vapor depo-
sition technique using monoenergetic positron beams.J Appl
Phys,2001,90.181

Armitage R,Hong W, Yang Q,et al. Contributions from gal-
lium vacancies and carbon-related defects to “yellow lumi-
nescence” in GaN. Appl Phys Lett,2003,82.3457
Neugebauer J, Van de Walle C G. Gallium vacancies and the
yellow luminescence in GaN. Appl Phys Lett,1996,69:503
Kaufmann A,Kunzer M,Obloh O,et al. Origin of defect-re-
lated photoluminescence bands in doped and nominally un-
doped GaN. Phys Rev B,1999,59:5561

Limpijumnong S, Van de Walle C G. Diffusivity of native
defects in GaN. Phys Rev B,2004,69:035207

Olia J, Kivioja J, Ranki V,et al. Ga vacancies as dominant
intrinsic acceptors in GaN grown by hydride vapor phase ep-
itaxy. Appl Phys Lett,2003,82:3433

Mason P W,Domen A, Haerle Vet al. Yellow luminescence
and associated odmr in MOVPE GaN:a comparison of de-
fect models. Mater Res Soc Symp Proc,1997,449.793

Binet F,Duboz J Y,Off J,et al. High-excitation photolumi-
nescence in GaN: hot-carrier effects and the Mott transi-
tion. Phys Rev B,1999,60:4715



908 R I R %28 %

Growth of GaN Thick Film by HVPE on Sapphire Substrate "

Ma Ping’, Wei Tongbo, Duan Ruifei, Wang Junxi, LiJinmin, and Zeng Yiping

(Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China)

Abstract: Growth of GaN film by HVPE was carried out on MOCVD-GaN template and sapphire substrate. The surface of
GaN film grown on GaN template was flat and bright,but cracked heavily. The FWHM for GaN (0002) DCXRD is at least
1417. The quality of samples grown directly on sapphire substrate was poor,with a FWHM 1688” for GaN (0002) ,but it did
not crack at all. The carrier gas flow rate was found to have a great effect on pre-reactions. Stress was produced at the inter-
face between the epitaxial layer and the substrate. Holes at the interface can relax the stress greatly, which is helpful for re-
ducing cracks. The yellow luminescence in the PL spectrum arose from O impurity.
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