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Fig. 1. The morphology, length, and diameter distribution of GaAs nanowires: (a) Side SEM image of GaAs nanowires; (b) GaAs
nanowires length distribution; (c) plane SEM image of GaAs nanowires, inset is the shape of the nanowire; (d) GaAs nanowires dia-

meter distribution.
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Fig. 2. Variable power PL spectrum: (a) The change of luminescence peak position with temperature 10-140 K; (b) fitting curve of
the peak position of P1 and P2 luminescence with the change of temperature.
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T A E PSSR T GaAs 44K
2 WZ/ZB IRAHM KRG, AT GaAs GOKL AT

Power/mW

Normalized intensity/arb.units

(a) P1 P2
9 P2/P1 Intensity g | 1 493 eV 1.516 eV
ratio P
° 1.0 A
s ]
= ]
>
£ 0.8 L
E ]
5
B ®
0.6 T T T T T T
0 2 4 6 8 10

1.35 1.40 1.45 1.50
Photon energy/eV

AR PL YGRS HI IR, M4 10 K R ibfT,
BRI 3(a) Uras. MEIH AT LIAS 2 Bl & D)
AL, N1 mW HEME] 100 mW, P2 g4
JLFBA AR, T PL A A /INE 58S, X
A e T O R AR 3 GaAs 90K 4 7B 451
AT 25 i T RS B, X O 4 I e i 2 ) 36 B4 AR
fE B B AR L. R T i — A B Wi B S R
ARAE A, X P1, P2 W Y H AR G D3R 1 A8 Ak e
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Fig. 3. Variable power PL spectrum: (a) The PL spectral curve with different power is illustrated as the peak ratio of P2, P1 changing

with power; (b) the relationship between P1 peak and P'/%; (c) the relationship between P2 peak intensity and power.
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RUE M PLOJGIE TR AT LA E P1 R &G4 R
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268, 284, 291 cm!, LASCHRZS AE NS IE, X 2Ll
43 5R GaAs TO, GaAs SO, GaAs LO HEU A4,
GaAs 9K [ARR HBE T X =AM i 43 391 A
267, 285, 289.5 cm !, fHY5 GaAs #1JEAM L, GaAs
TO, GaAs LO ARMMAR, X &K 9Kk E
F—4eprRl, T REFRON B, EOX A
U ] SR/IN 7 10 RS Bl SRR R GaAs #E
AFRIAE GaAs PRI TER T GaAs #/JE =
AN LML R, AR 256 em ! BT T —
AN R U AR AR SR B X A R JR T GaAs
WZ G55 R A 1 By 15520 0 126270 PR, W] LA

—— Experiment —— Cumulative fit
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|
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Fig. 4. Raman spectra of GaAs nanowires and GaAs sub-

strate.

R RK K GaAs gk, H L5 Wz
ZB IRAHZEH.

T HE I W M LR GaAs 9K L 45
AT KL DT T HRTEM 5, 3845 5 an
K5 iR, B 5(a) M HARGK LA 3 TEM &,
LR MUK K S J AR S53RATARYE SEM I
FIBEAR Y, Horp B AT L0 (0 K St 4T T HRTEM

2 nm~
—

Kl 5 GaAs #KRZGE N T BHMEE (TEM) E1R  (a) 1853 B TEM E1Z; (b)HRTEM EE; () ik X it 741 51 4

Fig. 5. Transmission electron microscopy (TEM) image of GaAs nanowires: (a) The low resolution TEM; (b) the high resolution

TEM; (c) the selected area electron diffraction image.
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Crystal structure and optical properties of GaAs nanowires’
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Abstract

Gallium arsenide (GaAs) nanowires are epitaxially grown on an N-type Si (111) substrate by molecular
beam epitaxy according to self-catalysis growth mechanism. Testing the grown nanowires by scanning electron
microscope, it is found that the nanowires have high verticality and good uniformity in length and diameter.
Variable temperature photoluminescence (PL) spectroscopy is used on nanowires. The test results show that the
two luminescence peaks P1 and P2 at 10 K are located at 1.493 eV and 1.516 eV, respectively, and it is inferred
that it may be the luminescence caused by WZ/ZB miscible structure and the free exciton luminescence peak.
These two peaks present red-shift with temperature increasing. The temperature change curve is obtained by
fitting the Varshni formula. The variable power PL spectroscopy test finds that the peak position of P1 position
is blue shifted with power increasing, but the peak position of the P2 remains unchanged. By fitting, it is found
that the P1 peak position is linearly related to power to the power of 1/3, and it is judged that it may be type-
I luminescence caused by WZ/ZB mixed phase structure. At the same time, the peak position of the P2
position is fitted and parameter a approximately equals 1.56, therefore P2 is a free exciton luminescence. A
Raman spectrum test is performed on the nanowires, and an FE, phonon peak unique to the GaAs WZ structure
is found from the spectrum. It is proved that the grown nanowires possess WZ/ZB mixed phase structures, and
the hybrid phase structure of nanowires is more intuitively observed by high resolution transmission electron

microscopy.

Keywords: GaAs nanowires, wurtzite/zincblende mixed phase structure, photoluminescence spectra, Raman

spectra
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