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Fig. 1. AFM images of InAs nanostructures at different sub-
strate temperatures (140, 160, 170 and 180 °C).
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Fig. 2. AFM profiles of InAs nanostructure at 180 °C along

the [011] (a) and [110] (b) directions with labels indicating
the regions that constitute the InAs diffusion halo.
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A, Dy WY R (cm?/s); By, I3 BOEITE g
(eV); kAR %% 2 HE (eV/K); T AR IR
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HERT RS In AEGRET (T < 200 C)M7E
[110] 55 [110] & 17 b A9 9 81306 BE Ex, 40 518
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TS ] P B A IR R A B T 55 Ak, S AR
140 °C B In ZEWIASJ5 ] L 4 HI0EE 25 22 R % 20 4
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Fig. 3. Evolution of diffusion length (AR) as a function of

droplet deposition temperature.
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Table 1.  Comparison of the Ey, values obtained in this paper with the literatures.

References Material system Ep,/eV Method
TakeshiZF2] InAs/GaAs H%g]] %S;i Droplet epitaxy
MargaretZ(23] InAs/InGaAs/InP H%g]] %658435 :i %%é Droplet epitaxy
Rosini% 2 InAs/InGaAs/GaAs H%g]} %%;—10(2) Simulation: KMC and DFT
Our work InAs/GaAs [110]: 1.37 + 0.01 Droplet epitaxy

[170]: 0.62 + 0.01

N T AR R IO S5 R (R
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T In JEF A RE LB, 70 O I8 BT IR EE
RIE/NFL, SR Ja O R (8] 4(a)).
R, oD IR BE 2 AT IS TR T R B i, R
SeYHH R AN B A <o 547 B A/ INBEH
PHESTE. X TRIRIR RN As b2
RSF B R VRO P AR T JBE TSR AN B ] s b 4

(c) 180-°C

AR

6
= 5 [(d) 160 °C Pal
£ 4 '
%o 3
g 2
o

o L . ) R \

0 100 200 300 400
Lateral distance/nm

» 5T (e) 170
!
< 3+
=) 9 298 nm
5 L
T 1t

0 . . . . n
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Lateral distance/nm
10
f) 180 ‘C=---.

L [ s0e
= i
2 °r
w4l 339 nm
5
T 2

0

0 100 200 300 400 500 600 700

Lateral distance/nm

Bl 4 KRIFEFWIERE ((a), (d) 160 C; (b), (e) 170 C; (c),
(f) 180 C)InAs 44KZ5H:) 3D JEH B Y Uk (AR) Flimek &l
Fig. 4. 3D morphology of InAs nanostructures and the pro-
file line of their diffusion disk AR at different substrate
temperatures ((a), (d) 160 °C; (b), (e) 170 °C; (c), (f) 180 °C).
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Kl 4(c) Frs.

MNIET A(d)— () Ao v me ™ 158 28 1) 791 T 2k %]
te Al IR WL, Rl R i 42 7, (B3R e BT
NIF RN G Z R (BVAR) PI{EH 160 C
1Y 135 nm HKEF] 180 °C 1) 339 nm. AMUA, AR
AR A R [BR)  F v BE BE g, O HLAE D BRI 1Y
RS TR L RN, IR RAR, X UER
PR ERTRRIE I T A Aok 454 . AT 4(f)
ATLVE B, 7EA IR R E 180 °C B f i ik
F| 6—8 nm, SLEFY IR &G A AR AR
R, BAREEL N 1 nm 247, 7T LAE H ILEH7E R
£ FHT QD B RN~ A R RS, 8
F T fE 2 IF IRk InAs QD (WLIE] 4(f)har
o LR IE).

AT (3) AT LAKIEE, w1 ICIRBERT As R ()
XF In W N HY In 59 8O B W52 K TE
AR E AT IR BE (160 °C) TR AT As & (1.6,
3.3 #1 4.6 ML/s) TXFJLEEY 5 ML In Wi #E47
mfb. BT R AT AFM 94, 45 R A 5
fiios. BEE As Fe i3 ey, AR R vt BT B sy
PRl B A v B B s/, EL VAR (A& 5(d) e
7). AN A TRRE, & IR 2 I B A T In SR
TP BRI, Wk As FE SRR In B9 8L
R, XA 5(a) FIEL 5(c) IR EEHIE S
T 26 B, AT LA E B T As RGBT B3 K,
43 In YT NG R TR R B ml S0 B As TR
T-imfl (BNZE5 T8 i In-As ), R Bl 2% In W%
O [ A BT TR B [0 88 48 8 BEARAR, 17T In
T W L3 A PHS, & 5(d) H iy 2B s El
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Bl 5  (a)—(c) AR As JESI N InAs HKEEH 5 pm x 5 pm
AFM #1815 (d) & il R (R (A 92k ) SRR (40 6%
£8) T InAs GKE5H AFM H| 1 £k 5]

Fig. 5. (a)—(c) InAs nanostructure 5 pm x 5 pm AFM scan
under different As pressure; (d) AFM profiles of InAs nano-
structures at high arsenic pressure (black solid line) and low
arsenic pressure (red dashed line).
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S (197, 135 A1 113 nm). K E 15 219 ARZS &
(3) =X, FTLAHE—215 3] As B In JEFFH5 8
FEESZ A SC AR, o HAUG A 6 s, 5153
(4 In R V- X9 BOBUS RE By, M 0.63 eV, HAVYY
PHERE Dy} 1.2 x 102 cm?/s.

THREER By, 5 Z B X e i i BE i 15 45
R—3, HTE Rosini 75 P2 {YWF5E L5100 EIN, i
— A T ZE R A HERR . B 6 TRl A 2R T L
R, W& As FERARWIG N, ARMhZm &2,
X R In JEF4BOE B AR 32 5 As i JT15%
MK R /)N, MR A 3 3 A LA T T Y Jit
A —J5m As BRI In JRFA0P 8, B2 As 7EK
9 S L TR O W RS 1 SR TDIR S, It B4
M1 In 9 HCH MO S T 8K 3 ), X R4
As @it e b In JE-FARSAAT JLAR I As 5519
3 O3 — 4, T As JEF DR B B A
JUR T it B AT — s BN T, 7 In 47 HCHCRAR PR, 3%
WATAES 32 In JEL T A99BL. M2y 281 i
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Fig. 6. Plot of AR as a function of As pressure.
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Formation mechanism of InAs nanostructures on GaAs (001)
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Abstract

In recent years, low-dimensional nanostructures such as quantum dots (QD) and quantum rings (QR) have
been widely used in many fields such as optoelectronics, microelectronics and quantum communication due to
their unique electrical, optical and magnetic properties. Owing to the similarity between nanostructures and
atomic systems, the flexible modulation of several quantum properties of nanomaterials and the preparation of
new optoelectronic devices around the characteristics of these structural systems have become a hot topic of
research. Changing the growth process to control and tune the atomic diffusion mechanism in droplets is a key
way of preparing complex nanostructures, which is important for the study of semiconductor nanostructure by
droplet epitaxy. In the present experiment, the same amount (5 monolayer (5 ML)) of indium is deposited on
GaAs (001) at different substrate temperatures (140, 160, 170 and 180 °C) and different arsenic pressures (1.6, 3.3 and
4.6 ML/s), and the surface morphology evolutions are observed. As the substrate temperature increases, the
radius of the disk gradually expands and a pit appears in the center of the diffusion disk. As the arsenic
pressure increases, the density of the formed droplets increases, and the width of the diffusion disk formed in
the center of the droplets gradually decreases. Our work involving nucleation theory is done at T < 200 C to
deactivate many thermal processes. This is a result of the diffusion coefficient being more complexly related to
temperature. Based on the classical nucleation diffusion theory, the results of experimental data fitting include
that the diffusion activation energies of In atoms on the surface of GaAs (001) are (0.62 4+ 0.01) eV in [110]and
(1.37 £ 0.01) eV in [110] respectively, and that the diffusion coefficient D is 1.2 x 102 cm?/s:those results
confirm the theory after having been compared with the results obtained by other research groups. The
diffusion activation energy of indium atoms and the diffusion mechanism of indium droplets on GaAs (001)
obtained from the experiment can provide experimental guidance for modulating the structural property of InAs

nanostructures.
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