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ALO; F R ELFEK GaN
MK e K E Iy FHRE

Zxr Fhp&l

W 3

FkE Haf

([Abat Tk Kb bRl 5 TR B, BRI REM R FF R S0, Jbat 100124)
(2019 4E 12 H 19 Bk #l; 2020 4E 2 A 7 HEMEHH)

SR — Bl £ 19 25 B8 T3 sR AL 22 SAHTTBUE , DL ALO, WA, Ga 48 MR TR, Ny N &R, 16 A K i
FERNG GBS, BT A 34 T 45 it R A7 Y GaN K2k, Foe R W], A K IR AT 12 2 A 4% GaN 4K
JESR, 4R 950 °C I, A A GaN UK 7y /R 5 2 RO IR B D 1000 °C BE, A TR E
10—20 pm Y GaN GOKRLL. B SN I, GaN 29K 2 (K BE 34 . GaN g4 K 2k N #4776 % Ha b
I3, B3R 0.84 GPa. [AJIF, Wi — 2B 38 T GaN G4k & TCHEAL A A= K AL . GaN 94k LBk L4
7R, GaN KL BBAEL D, 455 Bt R 47, 78 360 nm A — AR BLIANE KOG, ol B T4 5ME0E
RAEC L TR E . AT TS FORE DT DI L AR R AR A ¢ (0 ] A 4R — S AT AT R BOR O R

KR GaN Rk, S5 TR b UMUUR, JCREAET), A KPR

PACS: 78.20.—e, 77.55.dj, 81.05.Ea, 81.07.-b

1 5

GaN 2 —MEZHERIEME, 2 2 W
TAROCTHAE PO S AMGIHRIN &8 A = 1T
R IR St AR 1, GaN AYHFBRAR TS (B A
3.4 eV), HEA RIFM b fae LR B, b
AT e I PR R i D R AR P —4E GaN 44
KL AR NI RO R R ) 38R M ) el 2
FF RN RS | K6 — WA POt s ot 1
TR B0l R L AR SZ BT 1Y) ORTE.

GaN Gk A KI5k F 2250 F IR HMEE
(molecular beam epitaxy, MBE)6—5 Fl{k 2% < AH
DR, tnaE AP AT (metal-organica
chemical vapor deposition, MOCVD)P), % g5 -1~
158 Ak = SO UL A L (plasmaenhancedchemi-
calvapor deposition, PECVD)[I0-12] fij BAff 24
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AHPLFRE (chemical vapor deposition, CVD)!3-13
IR TR, TTREE R AR A
Rkl 5 GaN oKk, filn: Li 4 19 RA% R A
R (CE T IERI X)), Au AEAEH], Gay0,4
RE CRYENBIE, A NH,, 1050 C N/ 4 h
AT TAEAE R BRI GaN 4Kk, B 424545 07
K SiARIIE, Au BHET], GayO3 IRA C #E
FERTR, A N, fl Hy, 1050 °C H1453875 T GaN
YKL ; Zhao 55 238 R A SiAf IS, Au 1L,
Ga,04 1A C MERMERIR, A N, F1 Hy, 7E 900 C
FOMR IR T il 4 4015 T GaNgy k<L 76 Ll |
Ji 4 MRS T Hy X GaN 94 KR 52 M, 7670
Hy B &0 T, AR Ny SR, il & 3548 T
GaN g4 K&k, SR, R A - -8 (vapor-liquid-
solid, VLS) P k15 A9 GaN 9k & frE % &R
1Y, HAE W GaN 44 K 2 (1) 45 i 57 £ AW .
R, A2 35 2280k FH O AR R 9 7 i AR K
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GaN gl k2 {H#Z L)L MBE #1 MOCVDR J5
DR, A R 4R, HAR R A R
Ji b 1) = R R N NH, AR R SR T
el & T2, e 4 SR/ AL A R RS2 d5lr,
Feng 45 PR H A 85 AH I, W& 1 Nooh AR,
Ga 4 J& MR, LU HA PECVD 15 JC #6751 il
8T 2 GaN gk, B A HENE, GaN 5
AR AE R B R, S EGRTHIY GaN 9Kt
WA %, JEEUR EIEME LR . A, RS H 4t
IR GaN gk, Joik HE N TOLR Fa .
X, sk PECVD 2%, RARBLE /N A
FHL ALO VR M I eI A K GaN gk pt
BE, DU R GaN #9455 fok2EvERE, ik
Rl T, ST S A ANGA.

A SCLL ALOs AT IS, T 3 1 Ny S /R,
Ga 48 NEIR, R PECVD 2% JoHEALF B vk
BRI T GaN gk FAf, iBWF5E T AR E
FIRC I I ] 212 °F B9 GaN 40k 454, IF 481 T
GaN Ak KALHE. 3R1300 GaN gk AT
R AP i FOCBUR HERE, WV T 55
HRFI AN R A S T

2 SEET

S5k H] PECVD £ 7R Al,05(0001) #1 S |
il GaN ZKbkL #10.3 g Bk (Alfa, 417 99.99%)
CEAEN AT, Al,O45(0001) 15 (1 cm x 2 cm)
BIFERRPUE BT, SRS KR E T PECVD bk
gk, AP, E S, BN 5 Pa, EETHIR
MLk, THEE R K 20 °C/min; THEK B, @A Ar
S (EE 99.99%), A i 50 scem (1 scem =
1 mL/min); JREEEF] 9501000 °C FFIAT-IR, %
A Ar <, A Ny(4BE 99.99%), i A 40 scem,
WG AT IT G490, S D) 2k 100 W, £ 0.5—
2.0 h; FERIREE A, BEY R AD.

K H D8 Advance %! X} £k 117 §F (X-ray
diffraction, XRD) 1438 %t B A #5447 W0 40 53
Mr, #0448 Cu (A = 0.154178 nm). &/ Quanta
250 U 49 4 5 5% (scanning electron microscope,
SEM) #EA7 R H%E. K JEM-2100F ¥ %
o 3% O H B (transmission electron microscope,
TEM) X £ & JE A7 300 45 #9 W %< % Al Hitachi
F-7000 45304 S (photoluminescence, PL)

SO A S S 2e R R, He-Cd SUOGAY M IOEE
U5, BRI R 325 nm, IR B =l R
Renishaw %I 7 2 (Raman) Y& 35 A 04 5 9 7
SIS, WO 532 nm.

3 HER 536
3.1 XRD &#f

124 950 °C F11000 °C FaAARER A XRD
Bl X AL XRD #rifE PDF R (JCPDS
50-0792), M 1 Far LIULEE ], XRD 3% 4 e
AR 8 T A8 75 5 A GalN, X R 19 & T8
35124 (100), (002), (101), (102) F1 (110), H#A
W25 31 JHCAth 9 AR AT S 0B A7 A, 100 B S 0T R BE R
950—1000 C Ff, ARAFHE 5L AR R A5 7507
FH GaN.

® GaN

—~
—
=}
—

~

[

e (110)

e (100)
e (002)

Intensity/arb. units

M s
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20/(%)

1 950 °C 11000 °C F3RAFHE B XRD Kl (5 B[]
42 h)

Fig. 1. X-ray diffraction patterns of the samples fabricated
at 950 °C and 1000 C (Reaction time is 2 h).

3.2 SEM &o#f

Kl 2(a)—& 2(c) o ANTa] B B 1) (8] 3R 4% GaN
FE Y SEM B (S i BE SR 1000 <C). Kl 2(a) 4
SV 0.5 h 35 GaN #£ i (1) SEM El. & 2(a)
Fiw, SEARER AT G A BT R % B ) GaN 442K/
B Y R ESEE 1 h B, K18 T GaN 44k
2, KEH 810 um Zf7, WA 2(b). 4w i
HAINR 2 h B, GaN 99K 2 E R 10—20 pm.
SIS ZE LN, B SO I TR] RGN, GaN 4k £k
K. 15 2(d) K 950 C JZ i 3k45 GaN B
B SEM . MK 2(d) WLEL B 151 43 4 B 7S i I
GaN ek fr, K/NR 15 pm 247
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20 pm " 20 pm

(a) (b)

20 pm 20, pm

(c) (d)

Bl 2 SR E A 1000 °C R, AN [ SR I A 34 GaN B
i) SEM I (a) 0.5h, (b) 1h, (c) 2h; (d) 950 C F 3k
#+ GaN # il 19 SEM [&]

Fig. 2. SEM images of GaN samples fabricated at different
reaction time (Reaction temperature is 1000 °C): (a) 0.5 h,
(b) 1h, (c) 2h; (d) SEM image of GaN sample fabricated
at 950 C.

3.3 TEM $#r

[ 34 1000 °C JZ R 2 h #8453 GaN g4k 2k iy
TEM K. [ 3(a) MR GaN 9K A O 5t
K, BN 100 nm Z245. 8 3(b) NIE 3(a) HHEAAR
YRR I o A2 S 0 S (R AR o ] | (RIS 3R
], GaN KL A S /N CFRE 454, i T ) R
“h0.278 nm Y i XS I T 75 J7 A GaN [ (100)
i 21, & 3(c) M —HR GaN 44k 2k i oW IE 51
K, B4R 30 nm A2 47 B 3(d) M 3(c) AR
GaN K4 1= 5 E S B, 0.277 nm /Y 57 1 (] BE
XFRE T GaN [ (100) [ M, B0l Ui B9 R £ 1 A= K
JIa1 24 [0001], ZHEE T [100] By 22,

3.4 Raman ©#f

& 424 1000 °C JZ RV 2 h 3545 GaN 4K
Raman &3, $18 AFHGIEE TS RIK (0001)
I W 4 BioR, AT RAER 3] Raman Y6 o 77 7
GaN [ Ey (high) /A FEUNIETE 571.2 cm ™! &b; BR
B2 Ak, 38 m] LAXER 2 A AL AR A IS I hr = ek i
Iy WIRERE T 412, 425, 445 F1 748 cm 123, E,(high)
T BT X GaN B R P4 R Rk 2420 24
GaN N HBAFEAE R TR, Ey(high) 75 7 B8 06

(c)

3 1000 °C [ 2 h 3k GaN KR TEM [l (a) 5
M GaN 91k 2 1) TEM M R (b) Bl (a) A9 GaN 44 2K &
)5 4 TEM B8 R; (c) 73— MR GaN 44k £k 1) TEM M J-;
(d) B (c) iy GaN KL = 4% TEM B A

Fig. 3. TEM images of GaN nanowires fabricated at 1000 “C
(Reaction time is 2h): (a) TEM image of single GaN
nanowire; (b) HR-TEM image of GaN nanowire in (a);
(¢) TEM image of another GaN nanowire; (d) HR-TEM image
of GaN nanowire in (c).

|
g 7
[a\}
z 2\ g
= - ©
= 2 - <
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a .
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E M .
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& 4 1000 C K& 2 h K13 GaN 44K 25 B9 Raman 3% &

Fig. 4. Raman spectra of GaN nanowires fabricated at 1000 °C
(Reaction time is 2 h).

¥ 24 GaN NEBIFTERIR JIi}, By (high) 75 HH
LT A% 1251, JCR 11 GaN HUA R Ey(high) 7 FHL
HHIEAE 567.6 cm ' 4b, 52 M EL, GaN 40K 2k 1
Ey(high) 7 F UMW &4 TR, BB KN
3.6 cm 1. PRI AR 20 Ry

W — Wo
= 1
7T 13(m'-GPa 1)’ e
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Hrh o Rl N T, B GPa; w, Fil wﬁj\jﬂJ
i GaN JEh 71 B Ey(high) 75 5 0 14 (& A1 it

[) Ey(high) 7 T HUH 0GB, B ER K cm . AR
(1) X, AT 1 GaN g4 K 26 i I He g 1 K/ R
0.84 GPa.

3.5 HEKWIEITiIE

55 iR A S5 VE AT IS 45 Y GaN 4K
LAERKIHI AR, A TIERH ALO; HHFTIK, 5
GaN [ A% I BEEE /N, Qi 2 Bz, A TR B N I
PAFH GaN B kA T 7481k, AIREEm TR £
TP SR, B ARV R ' E 5
N REEBE TR S 500 TR R, GaN 4K
B AR EEZH] Ga iR IEY B, 7E1%
JRIE (950 °C), W& 5(a)—&l 5(c), GaN fEHTE#

e N plasma

HUCARAR, BT Ga J TP 8Re =A%, ¥ 8K
BN Ga JEF1E IO R m T (99K Z AT
KRB BPmEmry A 6 ) RAE, BT TR
Y (0001) T, AT ¢ T (GIKAROK By L
ST, AR FFARAE K, A KRR TN
JE GaN ek A (K1 2(d)). 4/ IRETHE 2 1000 °C
B, e 5(d)—&l 5(f), Ga =73 HBe 8 m, R
TH RERREREY B (0001) H, K T 4ERF
RELARES, BT 22 m Pl K, 2R
T [0001] 7 A K GaN gk (Bl 2(b)).
[FIE, c Pt A A K, REE GaN 49Kk 2k
Y ELAE e e (] 2(a)— & 2(c)). L, XFF
GaN 4kt IIE 2(a)—& 2(c) i LI B F 3,
Bifi 25 52 07 IS ] 938 00, GaN 4k R 7E s |- #99E
A K A

’ %‘“"7 »7-»/»~~f @

=

Ny /-»lj

5 GaN 2R AR A KRALBER 218

Fig. 5. Growth mechanism diagram of GaN nanomaterials.

3.6 PL%AE

&l 6 2 1000 °C LW 2 h 3845 GaN g4k
PL E. & 6 #al LIWZE R —4 360 nm &6

360 nm

PL intensity/arb. units

350 400 450 500 550 600 650 700
Wavelength/nm

Bl 6 1000 C N 2 h $i45 GaN 9K PL % &l

Fig. 6. PL spectrum of GaN nanowires fabricated at 1000 °C
(Reaction time is 2 h).

I, S GaN BYAMEIE 29 A7 B/ 3.44 eV, M
XFFIER /) GaN AR AEIE 365 nm, &4E T i
B, WHEJE T GaN 99Kk v i R R 7 S 3k oL,
PL KGR FE = 9% (FWHM) 4 7.5 nm, & GIE
A 23] HLGE R — R GaN 40K 2k i 45 & o
1B % GaN élfuééaﬂr”}:ﬁ TEINHOLA.

4 % b

R H—Fpfai B S PECVD ¥, 7F ALO;
WK _E IO ST £ 3R A5 T GaN 4K Zk. Jx
N EE R 950 °C B, RAS TN GaN oK i [
NI E A 1000 °C B, 2R A% T KR 10—20 um
) GaN 9K 2. IR RS GaN A RKIES, R
PRITE TR T Ga JRF IR TY . GaN 44k
LAERMUEHY Ga TR Y 8L . i X
B[R] R34 T, GaN oK Ze K R . GaN 44
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Abstract

A green and low-cost method to prepare high-quality GaN (gallium nitride) nanowires is important for the
applications of GaN-based devices on a large scale. In this work, high-quality GaN nanowires are successfully
prepared by a green plasma enhanced chemical vapor deposition method without catalyst, with Al,O5 used as a
substrate, metal Ga as a gallium source and N, as a nitrogen source. The obtained GaN nanomaterials are
investigated by using X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), Raman spectroscopy, and photoluminescence (PL) spectroscopy. The XRD results
demonstrate that hexagonal-wurtzite GaN is obtained and no other phases exist. The SEM results show that
GaN nanowires and hexagonal GaN microsheets are obtained at different temperatures. When the growth
temperature is at 950 C (reaction time for 2 h), the hexagonal GaN microsheets each with a size of 15 pm are
obtained. When the growth temperature is at 1000 “C(reaction time for 2 h), the GaN nanowires with the
lengths in a range of 10-20 pm are obtained. With the reaction temperature increasing from 0.5 h to 2 h, the
lengths of GaN nanowires increase. The TEM results suggest that the GaN nanowires are of high crystallinity
and the growth direction of GaN nanowires is in the [0001] direction. The Raman results indicate that there
exists a compressive stress in the GaN nanowires and its value is 0.84 GPa. Meanwhile, the growth mechanism
of GaN nanowires is also proposed. The morphologies of GaN nanomaterials are tailed by the growth
temperature, which may be caused by Ga atomic surface diffusion. Ga atoms have low diffusion energy and
small diffusion length at 950 “C. They gather in the non-polar m-plane. The (0001) plane with the lowest energy
begins to grow. Then, hexagonal GaN microsheets are obtained. When reaction temperature is at 1000 °C, the
diffusion length of Ga atoms increases. Ga atoms can diffuse into (0001) plane. In order to maintain the lowest
surface energy, the GaN nanowires grow along the [0001] direction. The PL results indicate that the obtained
GaN nanowires have just an intrinsic and sharp luminescence peak at 360 nm, which possesses promising
applications in photoelectric devices such as ultraviolet laser emitter. Our research will also provide a low-cost

and green technical method of fabricating the new photoelectric devices.
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