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scan mode in the triple-axis system

A% B ME RN ¢ Al S AR PR DR >, 2 AIN
FNZLEE /N T 10nm B, 45 9 0F &FAH . PRk, mf
PLE H, AIN ARG — ANtk R, K276 10nm
oA AE AR, o Bl A% BURE TEE /N T ot
T S A% H R, TTLLA IR GaN BT 525K N ) 3T
TR AR RN . A NARET I AL LE AL ¢ Bl A%
W N TR A, AR A AR R ZE S R 1N,
PL W70 I K1 364. 8nm AT LLIEW o Sl S
e 458 R IERA . X R BLZ AT fEV N T 18K
SRCANGE NG LR P2 A (R = ) b B AR T AN S A5 45
(1 DY J Wi AR RS Tl kAL SE G IE B

05186} 0.3204
g 05184} 103200 %
E 0.5182 - . ‘-—' 4 g
 0.5180] 03196 3
. 4 -U
fot
° 05174} {0.3188 °

0 5 10 15 20 25 30 35 40 45
AIN interlayer thickness/nm

P2 GaN o BICRT ¢ Sl B 5 HONT AN S0 28I 11 06 32

Fig. 2 a and ¢ lattice constants for GaN with AIN

interlayer thickness

K 3 E A2 10nm (A) 1 28nm ( B)
PRANMRE A I FE 2R Bl i 2. 0 T X b @il AIN 22
K, X i GaN Ak, MK AR K, VX
Al GaN A, MIVIX GaN Az il il 2w LA
EF LA FES GaN KR g dh 2 A ddi N 2 A K
JEAHLE B FE b S 98 ARG B, T B OFE SR AE AIN



412 EEA

S o % M 25 4

JA AR S S A P RN, B AE AIN K GaN
TFUGAE K I LR BCRLRE, B A 2B KB #T R G KR, 256
45 650nm JEJE GaN bR 56 R A K AIN 46
N2 Ll GaN AMEZ R A KPR AIN A2
JERERI R R AT LA =ANE S (AIN SRR 0,
10, 35nm) 3145 B8 7 B IMOBE( SEM ) K I 4% - 45 21
B, WA 4 FioR. T AIN 6N JZ FEE ) F [ FE
i, TR P 5 AR, 1B G B, e T B
AIN FENZEER 10nm RS, B, GO
INFIMIGC A, AIN BN JZELE R 35nm B, W it
2 Won RN 56 2R A, SEM MEEE] KR 75 i 14
Yoo, TATAIX LG GaN A AT 58 1™
A1, RS LT R K, A SEM 34 M
SRB TR LR 200k Bk 28 1k X 2 b, AN X S 2R R A
AT o F4 2 v 96 45 R (Bl 5) "TELA H, 25 AIN
JEJE KT B AR S5 10nm B, B AIN JE 44 b
o B8 b0, R BT R B 24 AIN EJE /N T 10nm
I, 2 TE BN, (BB AIN 46N JZ 0, 24 98 B
AN BEBHAENZ S IR GaN dh AR — 3 [15¢
W, B AN J2 RS 384 iy 4% 22

200+

1

$

5

Reflectance intensity/a.u.
o & &

B3 SRUAGHL AIN H6 A 274 i) #h e B K
GaN MR MINEE  A: AIN= 10nm, B: AIN= 28nm
Fig. 3 In situ monitor curves for GaN growth on Si
( 111) by inserting low temperature AIN interlayer
A:AIN= 10nm.B: AIN= 28nm

MNP AR TS BN 1B W% (B 6) AT LLE H, X win=
2. 6% AP BB T 3RA G L 3 AIN A
JZ 1. 26pm GaN [ Xwn= 3. 4% P54, 02
P W R AR R A5 R, R T B 1 i A 5 R
I U 1) 7 1.

Bl 7 L TSl R A AIN A E AT AIN
TN JZIIFE L ) PL W% Hh 2k, W LAE th, 47 AIN A
JZFE i LA N Z IRE S IR PL Ol g 8 g — A
o g, I HAv# PL by e %8 29 3. Inm, 1

Bl 4 AF AIN SN B GaN £ 8 1) SEM 2114
{a) AIN= Onm:(b) AIN= 10nm:(¢) AIN= 35nm

Fig.4 SEM images of GaN with various thickness—
es of AIN interlayer (a) AIN= Onm:(b) AIN=

10nm: (¢) AIN= 35nm

1600

-t
5§ ¢

L

0 5 10 15 20 25 30 35 40
AlN intelget koot~

Pl S X0 T 1 98 O AN ST SR E G 56 R
Fig. 5 FWHM of XRD with AIN interlayer thick-

ness

Ja# A 4 dnm, W20 IR AIN 46 A JZ 1 5]
A, DT GaN AMEE LI GK A g, B T T ek
Jriis A, $E5 T GaN A K BT



414 B 5 i A%

Si(111) L% GaN I MOCVD B 413

g

680-700ch,2.6%

0 200 400 600 800 1000 1200
Channel

Bl 6 Si( 111) #EAEAS GaN 1 RBS BHHLIEF 0001) 5@ )

it

Fig. 6 Random(+ ). 0001) axis aligned (0).,RBS

spectra of a GaN layer on a Si( 111) substrate

2000
——— With AIN interlayer
ool -~~~ No AIN interlayer
2 12004
&
E 800+
i
400+
0-

1 L L " 1 " 1
340 350 360 370 380 390 400
Wavelength/nm
P 7 A7 AIN iR BAT A Z IR PL i LE A
Fig.7 Comparison of PL spectra between the sam-
ples with AIN interlayer and that without AIN inter—

layer
4 it

ARICRH AIN FANZEARALE Si( 1) 4K F5E
LA GaN MOCVD AL it GaN AR EE ()
a, ¢ S A BRI AL, 193] T GaN Dr‘wwm“
AIN ﬁ)\EJ#*U’JMU\,%, B AIN H6N 2SS
KT 10nm B, BAT AIN J2 5B R38N0, o b SA% o
B MG IN ¢ Bl AR B PRIk . 2 AIN 4
JEJEEE /AN T 10nm B, BEAT AIN J2 2 BERI3E 0, o %
i R N T ¢ At A B R 1 . (7] B
WHFFE T AIN A2 z}ﬂn GaN 74 i i 1) K
A BRI M2 XRD @ 9%8 PL % L& RBS 4
T A REW, RN Z 5 ANAE— @ R B
GaN #hZE 2 S AR AT 52w, (5 S B, #F 5Pk
FEAH L T %A AIN A JZ 1 GaN #£5 F iH B 47

e, T HAEBR THE Si( 111) 41 B4 K GaN =/

Bt b 5t K B R B AP B R
RBS 1.

525 3k

[ 1] Fu Yi, Sun Yuanping, ShenXiaoming, et al. Growth of cubic
GaN by MOCVD at high temperature. Chinese Journal of
Semiconductors, 2002, 23: 120

[ 2] Kurimoto M, Nakada T, Ishihara Y, et al. Tensile strain intro—
duced in AIN layer grown by metal-organic vapor-phase epi-
taxy on (0001) 6H-SIC with (GaN/AIN} buffer. Jpn J Appl
Phys. 1999, 38: .551

[ 3] Figge S. Bottcher T. Einfeldt S, et al. In situ and ex situ eval-
uation of the film coalescence for GaN growth on GaN nucle—
ation layers. ] Cryst Growth, 2000, 221: 2000

[4] XuYin. Gu Biao. Qin Fuwen., et al. Investigation of GaN
growth directly on Si(001) by ECR plasma enhanced
M OCVD. Chinese Journal of Semiconductors. 2002, 23: 1238

[ 5] Feltin E. Beaumont B, Laugt M, et al. Stress control in GaN
grown on silicon ( 111) by metalorganic vapor phase epitaxy.
Appl Phys Lett. 2001, 79: 3230

[ 6] Strittmatter A, Rodt S, Reibmann L. et al. M askless epitaxial
lateral overgrowth of GaN layers on structured Si( 111) sub-
strates. Appl Phys Lett, 2001, 78: 727

| 71 Cao ], Pavlidis D, Park Y, et al. Improved quality GaN by
growth on compliant silicon-on=insulator substrates using
metalorganic chemical vapor deposition. ] Appl Phys, 1998,
83: 3829

| 8] Amano H, Iwaya M, Hayashi N, et al. Improvement of erys—
talline quality of group III nitrides on sapphire using low tem—
perature interlayers. ] Nitride Semicond Res, 1999, 4S1:
G10.1

[ 9] Blasing J. Reiher A, Dadgar A, et al. The origin of stress re—
duction by low 4temperature AIN interlayers. Appl Phys Lett,
2002, 81: 2722

[10]  Zheng X H, Wang Y T. Feng Z H. et al. Method for measure—
ment of lattice parameter of cubic GaN layers on GaAs
(001).] Cryst Growth, 2003, 250: 345

[ 11]  Gianini C, De Caro L, Tapfer L. Ohservation of a triclinic lat—
tice distortion of InGaAs (001) -oriented epitaxial layers by
high—resolution double-crystal X-ray diffraction. Solid State
Commun, 1994, 91: 635

[12] Wu M F,Zhou Shenggiang, Vantomme A, et al. Depth depen—
dence of the tetragonal distortion of a GaN layer on Si( 111)
studied by Rutherford backscattering/channeling. Appl Phys
Lett, 2002, 80: 4130



414 g ko 25 %

Crack—Free GaN Grown by MOCVD on Si(111)"
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Duan Lihong, Zhu Jianjun, Yang Hui and Liang Junwu

(State Key Laboratory on Integrated Optoelectronics, Institute of Semiconductors,
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Abstract: Crack-free GaN is grown on Si(111) by inserting low temperature AIN interlayer. The a= c-attice constants are
measured by X-ray double erystal diffraction. and the relation between tensile stress in epilayer and the thickness of AIN is ob-
tained. T he results show that nearly zero tensile stress and even compressive stress in GaN can be achieved in the range of 7~

13nm for the thickness of AIN interlayer. T herefore, cracks in the GaN can be eliminated. The influence of AIN interlayer on
GaN quality is also investigated. Compared with the samples without AIN interlayer, many characteristics for those with AIN

interlayer are obviously improved.
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