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(2020 4F 3 A 25 Hig#; 2020 45 5 A 7 HUEMERR)

YEN BB E WS A0 S B Z —, 9K A (GaN) a1 E T AMIM) Z RES T, A8 SCR
I %5 B IR 22 S A DL (microwave plasma chemical vapor deposition, MPCVD) Z& 4t, i Th il %+ T Py
DI GaN GKEk, HgKk 420 300500 nm, KN 1520 pm. 5L B, @i B4 Mg (1 1
5], P LA S 0 A T 45 R DN =0 1) DY A S e i — 20 MBI AT Mg 48 4 IR LR 25 K4 0 W BEBLA, B8
=5 - VU T 48 T 45 A ) A8 32k R T K 2 -8 (VLS) AR K ) F AR SC-TE (VS) AR KRBy i 22
X T ) 24 I A0 K e 34T T 6 UK (photoluminescence, PL) J615 43 4T, 45 5 R B U J5 2544 Mg $824% GaN 42K
LR IGIE LR & 386 nm. SR FH T 25 AR S 04T T 45 & BT PEREAF 5T, 45 SR 3B DU 5 4548 Mg 2% GaN 41K
LITFIRHRIH 5.2 V/pm, FFREORFRECS IR % B, M T = 4t R 1828 GaN 9K 23 R G PERE A — e 42
&, HE A3 BT 48 4% DA BOE S5 45 F % GaN g4 oK 48 375 & 55 (9 52 m ML) . B 58 45 SR ASLZ T —Fh U Jr 45 1
GaN ZKZ il 25 7 1k, RIS R 4 oK Ze G5 A R4 58 1 1 39 0 B 55 07 1k, W B BV oKk e a1k e 1 5 AR

Rt T AR T

A AULH (CaN), MTEHBAIRE, Mg 157k, B0

PACS: 78.67.Uh, 78.66.Fd, 79.70.+q, 81.16.Be

1 5

GaN S22 =UE 45 o SR AR, BAy
HPIEM R, R e, PUBRIERESR SR,
HLAAR LM R RN B3O8 L 1300 S
e, TR R TC A F SUAT B i S 0,
B AT T2 ARSI RE ZOR AW B Tt 38
XS GaN ZREHEA T B AU KL SR 2
AR TAERRE AR IS 25 PPt uE 2 —.
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H Al 2R AL 2= AU (chemical vapor
deposition, CVD) ¥ B0 & @ A WY LG Wik
A AVLF (metallic organic compounds chemical
vapor deposition, MOCVD) i 78] DL K 43 -F 5 Ah
#E (molecular beam epitaxy, MBE) ¥ 910 ] £
GaN K2 1. CVD il 45 GaN 9K 2k H]
NH; /ER N R, XA — o R bk, A3
A MR B A . MOCVD HIl MBE Bifh7
RAE RS AT | R i 20T SO Sty , A
T RE IR, W& ARGS. AR, RATK R
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T T A R ARG SR AL S SR DT (plasma
enhance chemical vapor deposition, PECVD) f#}]
ToR LG GaN gk -1 T2 SR Ny Huft
NH; 7ERA N i, B NH, X & a0, Rtk
KRR, AR A A, GaN fiikgh
FJETF 75T db & 10 B B Al GaN 48K 2k
T2 R =7 BER DL K 7S T 254k 15161 0y 5 b 44
RN . GIRERIE AT LA 1 42 il 5y i 2R
T GRS (7)) i Abs) (819 SRERER 1191 4505 5K
AT IFE. Schoo 45 038 £ 75 GaN 4Kk Al
B DL N R B, 845 GaN gk &IE il 12,
2 AR A RFRIE A, SRS B =7 454 NS
¥y LA R DU 5 25 #) 19 GaN g4k 2. iy F 00 5 45 44
GaN ZK Ll s MERE RO, = S il 55 3eA, i
2T BRI B HA R REHEA TS
Srivastav %5 P01 38 X oA K 7 W) ok [1100] B =
T 454 GaN g4k 2 5K 5 1) 2 [1120] 19 DY J7 45
¥ GaN Zh K £k B 745 5 e, A B 5 454
GaN ZK AR =Ty 45 B RS E . 4E [1100] J710]
AR GaN 9K & A Tk iy 4 J8 Pk RE, Al LA
I FH T 400K H - A ) i 3 R P AR PR K
BT GaN 9K RHZS H R4 ST T4
KRR I 2. Wang 45 22 R H o 2 15 il £
T GaN gk MR H 7 & b fe, 91K
HiL 37 B K 7T 35 0.86 V/um, 40 K £k 3% T W K A
O AR T Yy ek, e s L &gl T, o
KA EFRSIHIR GaN 9K gh), R HI &
SIPERE. Feng 45 M 2R FH To A0 J ikl 4 12K
BTN GaN gk g, HAg & S G g i
fRWTIk 4.8 V/pm, 85193 & SR RRIH T4 %
AR IR AN, E X GaN 9Kk 1118
Z=, LA RER S 2 R 32, Mg R
5 Ga JF AL 542 H A BIREIE iEE, S
FTHAL Ga J7F#E A GaN gt &) 3 H Mg B4
WO REBAG 20, AT LUK MRS T+ GaN Ak 23 7Tk
JFE, P Mg & Bl 45 p & GaN MPEFITE.
SRMAE R s B P A H Bk 272 LK Mg H
N = A S NS e Si  73e = il s
Mg $£2% GaN KLyl & ik —H A Sk
ST EF 5T I I 2 —. e A b, FRATR
FHBR A I S5 GayOy #3 R F1 MgO By R AE N Ga i
1 Mg Ui, SRR Ny TR AT N S5 5 R4
NN, DASREARRAS 1) T-BL il & Mg 7% GaN

PRZL, LR Mg B4 LU0 SE IR oK 4L =T -
VU5 R S AN A AR R UCR B 42 T Bl %
HPU 7 254y GaN ZhoK 2k . 38 o Ik Mg #4007
454 GaN 9K DL BUR LI g K7 & S fg,
L T 482 LU SO SRR X T 9K Gty BR &5+ I
Y R ST RE A 520

2 5L Iy

Yoo — 5E W) 0 EL ) 3T A TR A AE S R
(99.99%) . Ga,O3 B3 K (Alfa, 99.99%) Fl MgO #3
K (Alfa, 99.99%) YENHTIRA A, PRI 0.3 g Rif4K
W AE T SR, T A IS Au ik
FIEY Si(100) Ao JES B AE A7 BRI A IE 5, 4
B RT IR Z) R 5 mm. SR J5 {0 A7 SRR 7 2
MPCVD Fy G G, B —H b 7 0 s
VBT A SRR By, 38 A 13 BRifE S 7 K /o
B (scem) 1) Ny (99.99%), AR R 1 #/4F 10 Torr
(1 Torr = 133.322 Pa), WA M A 20 min THiR
Z 870 °C, IR A 300 W, S — & i 6] J
KB T R, 1k A N, IR H B EIR,
Ao JEG 2 T (49 5 BV Ry T A A

i Hitachi S4800 #1537 & G 44 Fo. ¥ i sk
%% (field emission scanning electron microscope,
FESEM) X} ¥ it & 35 £ 47 43 #r; ffi HH BRUKER
D8 ADVANCE ® 5 X Hf £k fif i X (X-ray
diffractometer, XRD) X4 i 45 i ot i 2 2l B #E 1 7
A3 i ESCALAB 250 Xi B15 X S0 1
el (X-ray photoelectron spectroscopy, XPS) X
FE TR AT 70 W s A P S r AR R it BOUE
T B SR HEAR AT 40 B 5o W ST PL M
REMR S 37 & S R iat.

3 H#XR5itb
3.1 Mg BZEE GaN MK EH

H T HRIE Mg B4 F GaN KR4 E K A5z
e, A [) B ZR T L 1 S 78 25 36 K v 78 43 F
JE 30 min 5 BOMRTIREAR, BASEUNE 1 PR,

B 1 AR JFDRHEC il 45 Mg $84% GaN 4k
2R FESEM . 4 1(a) FiR, RSB A BA
1A MgO Frfl#aukEs: A-a FAZ0M 60—100 nm,
K 1020 pum, 540K ) = MR L,
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F 1 ORFEEURHIC LR # Mg 875 GaN GRS 2 4

Table 1.  The experimental parameter of preparing Mg doped GaN nanowiresat different source materials ratio.
G- N,/scem A/ Torr T/C t/min WM /W C:Gay03:MgO
A-a 13 10 870 30 300 12:1:0
A-b 13 10 870 30 300 12:1:0.2
A-c 13 10 870 30 300 12:1:0.5
A-d 13 10 870 30 300 12:1:1
A-e 13 10 870 30 300 12:1:1.5

1 pm

B 1 TR EURHED L £ Mg 38244 GaN 49k £k 1) FESEM K

(c) sample A-c; (d) sample A-d; (e) sample A-e.

YRR DG B A S MHE LS. 9K T
RGBT, ZH T KRN LR N S5
Z i A Ak TRV, L I 2k B2 &l 1(b) B
N, A Mg BAHE L A-b FHELTFHE A-a
BRI A 200250 nm, YKL KL H=TF
ST, DI T SRR . B
MgO A LLBIHE I, GRS BN, FEAh =
T KB AR DK 2 L A5 3288 48 AV 17 D 5 5 R 4 K 2 L
i3z b, M RS 5 Mg TR B A
K. Lymperakis 55 [ SR H % B2z RIS 145
e AE GaN F Xt T N R F R FRE, 15
GaN fEAE Kt B p e T i i AR K, AR e
H TR RS IR B KR M BE 1Y Ga - F1 N R+
HE 44 K S A ) AT BB B TS M Mg 5 22 X
N R BFEEH, FEILT GaN k& A Km)
2 Sk B, A AR AR K BT, WKLk
) e A K A R R AE . Mg 48 44 TR] B R AR
GaN ' Ga JR 45 A 88, fiHAE Mg B4R mE
25 Wk A 130351 R] L A R e e A JRE - i A LA

(a) #E Ak A-a; (b) Bl A-b; (c) #E b A-c; (d) HEdh A-d; () FEdl A-e
Fig. 1. FESEM images Mg doped GaN nanowires prepared at different source materials ratio. (a) Sample A-a; (b) sample A-b;

JESL. Gl 1(c) FizR, FEah A-c JERIS)— S H AR
KEEH, PIORL IR SR AR R A, 22 5 B —
R = REAARGERE) , o — A2 o Ui ) b 5 = A
BB AR G548, 9K M BE A 4 5 R 2, AR N
300—400 nm. 1/ 1(d) Fras, HEdh A-d HEE N
350—400 nm, £ JF 10—20 pm, #KHEE 5 U J7
TE L5 48, MREAT 35 Z2 B U RV 1l niEl 1(e) Fiom,
FESh A-e T2 N 400—450 nm, K& 1020 pm,
HIE A I e HE B S5, MREFR UG 4510 B 3
A7, T A D05 e & 3450, KK |
Ak,
2 AR A I T 45 Mg $87% GaN 442K
LML SEL, i — PRI Mg $87% GaN 9K L
HIFE R A AE R G .

2 A AR E] il Mg 8% GaN 44k
X1y FESEM & W& 2(a) iR, BESh B-a HAE
3050 nm, AERKB NG, GOKL TG F7EEK
TEARA TR, X2 T N5 B TR 20 (s i) 4
S, AR A o e Z0 ik, R R A 7E 4 K
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F 2 REAREEGIE Mg 578 GaN KL 250240
Table 2. The experimental parameter of preparing Mg doped GaN nanowiresat different growth time.
G- N,/scem A/ Torr T/C t/min WM /W C:Gay03:MgO
B-a 13 10 870 10 300 12:1:1.5
B-b 13 10 870 20 300 12:1:1.5
B-c 13 10 870 30 300 12:1:1.5
B-d 13 10 870 40 300 12:1:1.5
200 nm
5 pm
B 2 ARERKEEE & Mg 84 GaN 992Kk 1) FESEM B (a) £ B-a; (b) #£44fh B-b; (c) B kb B-c; (d) #:dh B-d

Fig. 2. FESEM images Mg doped GaN nanowires prepared at different growth times. (a) Sample B-a; (b) sample B-b; (c¢) sample B-

¢; (d) sample B-d.

2R MY A% B B oA S8 (VLS) AR R AL P
K 2(b) Fizn, kS B-b 22 5 JL T WA A 2] BRIk
Au AL, XA Au 9E&EE TIRSE 420 44
KREEMAILARK, HEEIEHKZ U, it
FEAER/DIRAY =05 80m . W 2(c)(d) Frs, B
B-c FflEEfh B-d JESRIS), GRS R U 7
W, KB R 20—25 pm, EHARH 450—500 nm. JT
PR Z N 2B TR R A7 — 2 1Y 2 A
FH BT SRINF AR AN BE 7= A= VI 25 ) 153, gl oK 2k
T TS0 = A TR 5 R0 A0 R DU 4 - B 244
JETE Au LR 2 S R S BLT, Mg 842
BT GaN GRZMIEE L KA FTF, 9k T
ALK, & FIB L5 T LA OB gk 2 A K
T AR AR B R AR T B A R 2R T T A
RN & TR

& 3 JEEAS A-e B XRD (K3, ME AT 2L
b W ) = A5 R LA B0 AT S0 H: 20 £
JE 4390 Sk 32.3°, 34.5°F1 36.8°, Xf I T 7N 7 4T B

W45 # GaN 992K £E 11 (100), (002) A1 (101) & T
(JCPDS 50-0792). &% rh %A M 2L F) GayO3 B
MgO HYIE(E, FIAGPOKRLA B, I AT
W E PR AL/, RIAGIAR L BA RAFIISE A, TR
XRD &3 rfr o e WL %% 3] Mg 70 3% B (4 R fiE U
FORUA 2 Mg O R 15 2% 1% 2 AR HH KRR AE 04 %)

(101)

Intensity/arb. units

32 34 36 38 40

30 42
20/(%)
[ 3 FESh A-e i XRD Kl

Fig. 3. XRD spectra of sample A-e.
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BEATHT A RE S GaN B (101) i T A7 56 A J3E 432
AL o 41 R FE XRD 9 3% i AR S Au fi
AR TR0 X8 07 A R I 0, SR B 28 38 30 min /5 RE 5 Y
N 25 B TR, IR SR Z T Y Au i
TR PP R B, IS L. FEdL A-e
(1) XPS FEIREANIA 4 iR

H Il 5(a) ATHI, TEM B3RS A-e 14
) F2E K, EARZ N 400 nm. f I 5(b) AT, 5
PSS T RS (high resolution transmission
electron microscope, HRTEM) K453k i 4 K £k Ji
FHEA RS, BT Mg 1Bk 0.65 A, 5+
HAEH 0.62 Al Ga JiF 45, fEB 2l 2
H Mg JiiF A AEBURIB AR, K ibs 454 5 A/ 29,
T 1 4l 1] J7 1] J5 5 2 (8] BE 24 0.258 nm, I T
GaN 11 (002) 77 [A] /T8I 4] BE . pH 28 X HL 737 5
(selected area electron diffraction, SAED) & A]
L, GUOKRLAT R OCREE MR 55, oKL A K TJr 1k
[0110], H [0111] S5 [0002] & I A 61.4°,

Intensity/arb. units

1400 1200 1000 800 600 400 200 0
Banding energy/eV

B4 FEAh A-e By XPS Fli
Fig. 4. XPS spectra of sample A-e.

B 5 #FEfh A-e 1Y (a) TEM [&; (b) HRTEM [& ¥ &l 4 £
i A-e B9 SAED

Fig. 5. (a) TEM image; (b) HRTEM image and SAED pat-
tern (inset) of sample A-e.

RUIGKRL S E RIFH97507 GaN 45

3.2 WAL MgiB% GaN XKL AEK
LI

3 38 43 A1 AN [A) A ) 1] 25 4 5 1Y) FESEM
(& 2) AT, Mg 4B 4240 K £ i T 1o A 2 041
VLS AR, H Au BRI 2 5 9K 4
TERE VL B — e B A . 2 A AL IR Bt
N %5 TARSE 2, KLk VLS A Kad figh
it Sz o7 e ) SE G, KR BLARBG K, RIATEIA i
EFI T Mg 824 GaN 9K nT DItk AT [ 4t
A1 (VS) A, 8 o0 BT A [RIBORE LA ] A A
i FESEM & (B 1)rlH1, %A 51 A Mg 8421
GaN ZK L R £ 4 = MAE RIS, 1M bl & AT 9K
b MgO A FLBIR G, 49K 2 i 4 il
SOEEAR U5 g, HE AR K T 10 f5 42
fr, RGP AL VS B K ER LS Mg
FEEAK, RAHESIA Mg BRMIKZR T, GaN
YKL A2 I AL VS A dEm AT
Jr 454 GaN 44K Ze iy B A A K AL B 7Y H
NEE LA 6. Bz E AL TR A T AR,

1) 7E Si #HE AT Au AR AN HGE R
TN R EE IR, R An LR, 43
FLEAT ISR 1A

2) ATIRMHASZ PG JE H Ga JEFFIl Mg JiF,
5 N B FR— R Au HEABIH T, 24 Au fi#
AR PR e B Sk BIRRLR, A2/ N 5 e Bz
BT O =T Ak L. S LRI v B R Y
N SRS Au War, I A BORIATUE Bs .

3) i Au LRI TR, H 590Kk
il A7 2R RGOS YRR 2R T 5K D AR A L A R D
fil £ B, DRTTAE. A A0 T 5 99 2K 4 T g 1) 9K -
[T i T 7™ A — AN ] PR R g, XA ] P I D PR
FH TG R L Touus , ok /0 17 A Ak 5506 000 BE g 112
PO T G OK LM BE g A A B L B AR A AR
=3

4) BE#E N SFE K Au LR 5E 2%,
Yok VLS A RKAHURIZE o, HIESh =7 47 5%
R R ER Y Ga, Mg B3 il IS DL A 40
KEEFRM, Bt VS AERMLS], B
DUBURKRACE A h 8. ARME GaN 44Kt 1) T 1k
Whm A, MBS AZ S m, AR A A
K, MANKER & T EE AR xE LA e R~ i = A A e
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Twin
= boundary m»

Bl 6 PUJ7 454 GaN 49K 2R ) R A A i 7R T 1

Fig. 6. Schematic diagram of nucleation and growth for square-shaped GaN nanowires.

FERAL R, HUARE GaN QR L YERy =7 & TP
ST Mg AR T GaN KL A K1 4% 0] 57
P, FEAR T MBEAE R 352, AR 9K AT UAE AR
n] AL VS A, R BRI HE R. 5y
[RINF , ZPOK R N BE 70 24 2 ff T, 540 B ~F T 422 fok
s B T RRAIE 42 1245 Ga, Mg i1
TGRS 1 VRSB 2 i LA 1) SRR S — A T~ T
TEMCHIE P 2 L, 322 AR AL A2
SRS ARE A ORERE PR IX Rl A8 2 i B TR
JEHEE T B AR

5) BEAE A KL 2R B S8 X AR, A
AL =T DU TT I . B AR T 2 iy
AT %, Tl A R LRI, IR A 3 8 7 i
Th. T B A A R e A% i 1) AR A —
B, FEAORZMIEE B R, T R
AREEH . B Mg B2 LTt QKL% 1A
SHPEREAR, LU BEGE IR 45 H4 o At 5 sy 50— 2

3.3 MALH Mg 52 GaN K%k PL 1%
BERFF 3R

M 7(a) ATAD, BESL A-a B OGIEIE K 2408
360 nm, XA T GaN AAE & G 1), g (i 58 B
e, 380 nm MHEAEZERU MY, RUIFEE—a &
O =Tl M) BRANLF W 5] HoAth 5 B 19 &
S, R MK BFE R D, 450 TR B . FE
A-e TEP K 386 nm A W0 1) &G, FHE T
A-a B ESCIE LT B AT, I H 0 (50
WA T — BB N, 780 WS F N A B R
M) R, RIA B Z TR H0™ . K HE i A-e
(1) PL 3542 4 o BT B B3, IR FH e S R4

XA T A, R & 7(b) Frs, WEH
LA SRR 3.21 eV HF R, X2 T Mg B2
TE B Mg, 3% FEREGRTIR AY BR 146, flif3 gk 2k
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Fig. 7. (a) PL spectra of sample A-a and sample A-e; (b)
band gap analysis spectra of sample A-e.
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Fig. 8. (a) J-E curves; (b) F-N curves of sample A-a and
sample A-e.
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Abstract

GaN nanomaterials, as one of the most important third-generation semiconductor materials, have attracted
wide attention. In this study, GaN nanowires with square cross section were successfully prepared by microwave
plasma chemical vapor deposition system. The diameters of nanowires are from 300 to 500 nm and the lengths
from 15 to 20 um. The results show that the cross section of nanowires could be transformed from triangle into
square by adjusting the ratio of Mg to Ga in source materials. X-ray diffraction(XRD)result indicate that the
structure of GaN nanowires are agree with the hexagonal wurtzite. X-ray photoelectron spectroscopy (XPS)
rusult show that a certain amount of Mg and O impurities incoporated in the square-shaped GaN nanowires.
Transmission electron microscopy (TEM) result suggested that square-shaped GaN nanowires had high
crystallinity with a growth direction of [0110]. The ratio of source materials- and time-depented growth
mechanism was also studied. It was suggested that the transformation of the cross section from triangle to
square structure should be derived from the growth mechanism change from vapor-liquid-solid(VLS)process to
vapor-solid(VS)process. The doped Mg increased the growth rate of the nanowires sidewalls, which led to a
symmetrically growth of GaN nanowires along the twin boundaries. GaN nanowires gradually transformed to
square structure by auto-catalytic growth. Moreover, the property of field emission were further investigated.
The results showed that the turn-on electric field of square-shaped GaN nanowires was 5.2 V/m and a stable
field emission property at high electric field. This research provides a new method for the preparation of square-
shaped GaN nanowires and a prospective way for the design and fabrication of novel nano-scale devices.

Keywords: gallium nitride(GaN), square-shaped nanowires, Mg doped, field emission
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