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A AR, PRI RIS TG 32 2 1 BFFE N DL 35 U)ok
T, TR A GUCERS 2 12 W . Shen 55 19 4z
T ERWIE AR BTSSR B o)
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W, (002) THREIERTEIRZE 70" . Chang 55 14 {fiff]
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T RMEEIEE T RHIRIIE E GaN AMEJZ P i i 5
RO, K IRHIR IS B & Bl L & 05E
GaN FPE J22 1 b R AT ARE LG 1 0, AT 42 5
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T =GR B WGAHE A R A R A, BTG
XFRHIIARTIE EIY GaN ARt #2055 AL 55
WIEIEATE . B, AR SCRGEHAITE T R
FARNE L& BAYALE DA TATER (metal
organic chemical vapor deposition, MOCVD) 4=
K GaN HRERIAEURAE, 456 B 5 B s
43HF T RHIAHE B GaN AYFNIE AR Kt 7 Ay
(3 BRIV RSNl s 27 NIUE DA e ok e
Pt T RIS RS IME 20 45 5 32 5 AR
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WFFE ) GaN 78 IS AL 5 2 8 F Veeco Turbo-
Disc K4651 # MOCVD B & HME A KT . e
FARHI AR 0° (RIS E), 1°, 3°, 5]
W FARIE, PR R J7 15 28 (0001) T i
M F (1100) @, A #E LA —2 25 nm 194
PSS AIN R, 7ERD) 0°, 1°, 3°, 5°H R A1
RIS B AR AR G 0 il fir 24 ARG AL B, C, D.
£ MOCVD A K ad v, ffi ] = F 4K (trime-
thyl gallium, TMGa) F1 NH; 7E & Ga I F1 N i,
Ny, Fl Hy IR A AN R, RN % RT3l
150 Torr (1 Torr = 133.02 Pa) A28, PUMHE
R AR IR 200 e K, BRI KO7EINT:
Joxt R AT UL B, ORE R EE T2 1100 °C, 3@ A
190 L/min 4 Hy X4} JIEALBE 10 min DA 22 BR AR
FFR B A KIR AHL AR5 0. AR5 A b
TEE P2 1080 °C, 3 A 600 mL/min (FRifEIRAL
T) B9 TMGa Ml 4.5x10* mL/min (A5 #ER B T)
1 NHg, JMEAEK—)Z 5 pm JER) GaN .

Feim A K SE 2 S5, i Bruker ICON #UJF
F 71 B4 (atomic force microscope, AFM) XA
i B R R S 347 2R 4E, £ ] Horiba Jobin Yvon
LavRam HRS800 %Y 5t 35 & K 3% X { (photo-
luminescence spectroscopy, PL) XJ £ i i G 27
AT T 53#T, R Bruke D8Discover 543 HE%
X B A 54 (high resolution X-ray diffraction,
HRXRD) #1581 GaN A=A A AT &, il it Tec-
nai G2 F20 S-Twin Y& 5 B+ /45 (transmis-
sion electron microscope, TEM) X i B 057 45 1%
R AR M AL AT TR Ay 43 pr, b TEM
R it SR BB B R SR (Ar) B FBEHI T2
il %

3 HERGWI
3.1 HRWRERSH

R T WERRE S R R IE S, AFM 7R 5
AR R S AT T, Ho, B A EAT T
A 5 um x 5 pm IS, #E50 B, C, D BT
FHGERE K, 47 T HAA 50 pm x 50 pum ¥
Mk, MRgs R 1 s, ATLLE Y, FEA A B9
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Bl 1 DUASEESA AFM A (a) BEAH A, RMS = 0.371 nm; (b) B4 B, RMS = 18.3 nm; (c) BEfh C, RMS = 54.1 nm; (d) BEdh D,

RMS = 56.9 nm

Fig. 1. AFM images of four samples: (a) Sample A, RMS = 0.371 nm; (b) sample B, RMS = 18.3 nm; (c) sample C, RMS =

54.1 nm; (d) sample D, RMS = 56.9 nm.
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Fig. 2. XRD rocking curves of (002) (a) and (102) (b) of samples A, B, C and D.

F 1 HESA, B, C, D RC %k FWHM (BRI 4% %5 B

Table 1. FWHM values and dislocation density of RC curves of samples A, B, C and D.
ke (002) T (102)hi YEAE TPk Sl
H FWHM{E/ (") FWHMTE /(") R /(107 cm?) WP /(108 cm2) R/ (108 cm?)
Sample A 235 282 11.0 4.20 5.30
Sample B 221 274 9.76 3.97 4.94
Sample C 196 251 7.69 3.33 4.11
Sample D 165 240 5.47 3.07 3.62
40 40
(a) —— Sample A (b) —— Sample A
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Fig. 3. PL images (a) and local enlarged images (b) of four samples at room temperature.
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3.2  $HIHELE GaN ERKEE R A5 (R
P

R T WFFE R RS X 2 R AR AL, X
1V 5 9% FE AR RR 5 RDRE & D 2847 T4k TEM
MR, S5 SRANE 4 FR. MG TEM 5 5 B b iz
FERITARMEN] ) 7E g = [0002] BYAME FAL s BA
WAL AE Sr B AL, TE g = [1120] ISR AL
TN EAT TS Sy e AL, TRA RS AE RN R 2
] b #2s EE 29, A TEM W4s 5T, KEB 4%
DEES I ) I SR B RE G 2R T, TERE S R
Lk AL AR R AR R T A2
£ GaN J2 e I 10 AU A, A7 68 2 il AH B A
FEIREE K, WA Ak bR XA E GaN K
T A v B, A B 1 A B I A G B
F—IETE GaN AMEZ B PER, A 55307 5 7E )
[ REAR A AR TR S AR L DETRRAR TR AL R X
BN R I HA AR B AR —,
P 4 H g 4o 5 VB X el s . X Rl A 1 IR G Sk
YIRS FRA G, SR RHIIART IR 7 £ 25 B 1Y
FEFEHZ—.

2 pm 2 pm

Bl 4 # 5 Dy TEMM LA (a) g = [0002]; (b) g=
[1120]

Fig. 4. TEM images of sample D: (a) g = [0002]; (b) g =
[1120] .
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P DX S o7 8 %% FEARAIG. M= BB By GaN 51K H
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T2 8l m A B A K GaN iBERY ek, K~
REAkZE ) b SEf, DTTREAR T AE S AR 25 B A
B 5 AT VA A4S STEAS IR = B g Y, x5
[l 4 rfr TEM IZS FARAE. wF IR A BE X i
s AR IO B 119 2 M b ] LA FH S A AR T A 7 .
TSI B e BE A B, AE R By 3R 1w A K
GaN LA 1 B R 19 g 1] AR ] 25 K 25 8], AT
GaN fE [ AR AR, MG & IR, & E R
B AE KA GaN o] DIBHPS 5 2 104, BRI K A
JE R A IS A it A R 2% B2 AR, X 5 8] 2
HRXRD 4551 —%L.

i A6 - AT IS B AR K GaN BT (FES A),
R ARK ERY GaN gii% )2 4560 3D Btk
K, W 6(a) Fis. MIMEZGEA KT, 3D 51
A 1o AR R B, SRR R U B T 8RB 0T, A
M1 2D P A, XA R b — o 2
TE BV PANE DT AT 1 07 8 B, (R TR s
BRGS0 A K B AR MELL 1L, STl AR K
) GaN T8 A 48 25 FE MR AR AR i PO, an & 6(b) B
. LA, ST IS HUA TR e AL B A AT DA
A B B,

() CEETET
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[ BT A

— DL
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@[ l/ﬁ%%%ﬂ:
L é
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Fig. 5. Growth process and dislocation spread of GaN on

vicinal substrates.
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Fig. 6. Growth process and dislocation spread of GaN on

planar substrates.
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Abstract

GaN materials are widely used in optoelectronic devices, high-power devices and high-frequency microwave
devices because of their excellent characteristics, such as wide frequency band, high breakdown electric field,
high thermal conductivity, and direct band gap. Owing to the large lattice mismatch and thermal mismatch
brought by the heterogeneous epitaxy of GaN material, the GaN epitaxial layer will produce a great many
dislocations in the growth process, resulting in the poor crystal quality of GaN material and the difficulty in
further improving the device performance. Therefore, researchers have proposed the use of vicinal substrate to
reduce the dislocation density of GaN material, but the dislocation annihilation mechanism in GaN film on
vicinal substrate has not been sufficiently studied. Therefore, in this paper, GaN thin films are grown on vicinal
sapphire substrates at different angles by using metal organic chemical vapor deposition technique. Atomic force
microscope, high resolution X-ray diffractometer, photoluminescence testing, and transmission electron
microscopy are used to analyze in detail the effects of vicinal substrates on GaN materials. The use of vicinal
substrates can significantly reduce the dislocation density of GaN materials, but lead to degradation of their
surface morphology morphologies. And the larger the substrate vicinal angle, the lower the dislocation density
of the sample is. The dislocation density of the sample with a 5° bevel cut on the substrate is reduced by about
one-third compared to that of the sample with a flat substrate. The special dislocation termination on the
mitered substrate is observed by transmission electron microscopy, which is one of the main reasons for the
reducing the dislocation density on the mitered substrate. The step merging on the vicinal sapphire substrate
surface leads to both transverse growth and longitudinal growth of GaN in the growth process. The transverse
growth region blocks the dislocations, resulting in an abrupt interruption of the dislocations during propagation,
which in turn reduces the dislocation density.

Based on the above phenomena, a model of GaN growth on vicinal substrate is proposed to explain the

reason why the quality of GaN crystal can be improved by vicinal substrate.
Keywords: vicinal sapphire substrates, GaN, dislocation termination, transmission electron microscope
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