Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

Bk S IR AR ER XS InAs/GaAs(001) EF = 4 KA SN

kth BEX EX= FIH KO

Effects of in-situ surface modification by pulsed laser on InAs/GaAs (001) quantum dot growth
Zhang Wei Shi Zhen-Wu Huo Da-Yun Guo Xiao-Xiang Peng Chang-Si

5| F{5 K& Citation: Acta Physica Sinica, 65, 117801 (2016) DOI: 10.7498/aps.65.117801

1E 251515 View online:  http://dx.doi.org/10.7498/aps.65.117801
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/111

AT RE RSB B A L&
Articles you may be interested in

I N B2 ARG KA B ] B 51 R G I IR
Suppression of the blinking of single QDs by using an N-type semiconductor nanomaterial
PP 2EH%. 2015, 64(24): 247803  http://dx.doi.org/10.7498/aps.64.247803

Rashba H Ji - BB AH EAE FI 5200 N & 54 o il S B A 7R 5 BT 7E

Study of the properties of strong-coupling magnetopolaron in quantum disks induced by the Rashba spin-
orbit interaction

PP 2EH%.2014, 63(17): 177803  http://dx.doi.org/10.7498/aps.63.177803

S5 B TR 9% InAs BT RO ER ST BT AT
Photoluminescence from plasmon-enhanced single InAs quantum dots
PP 22 4%.2014, 63(2): 027801  http://dx.doi.org/10.7498/aps.63.027801

PSRE SRAY Sl N S NEN e SRS TP )
Spatial optical soliton pairs in a quantum dot with exciton-biexciton coherence
PP 27 H%.2013, 62(14): 147801 http://dx.doi.org/10.7498/aps.62.147801

HL37 1 InAs &1~ s LT O #ERIT
Optical transition of the charged excitons in InAs single quantum dots
Yy 2242 2013, 62(4): 047801  http://dx.doi.org/10.7498/aps.62.047801


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.117801
http://dx.doi.org/10.7498/aps.65.117801
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I11
http://wulixb.iphy.ac.cn/CN/abstract/abstract66110.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66110.shtml
http://dx.doi.org/10.7498/aps.64.247803
http://wulixb.iphy.ac.cn/CN/abstract/abstract60819.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60819.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60819.shtml
http://dx.doi.org/10.7498/aps.63.177803
http://wulixb.iphy.ac.cn/CN/abstract/abstract57619.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57619.shtml
http://dx.doi.org/10.7498/aps.63.027801
http://wulixb.iphy.ac.cn/CN/abstract/abstract54512.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54512.shtml
http://dx.doi.org/10.7498/aps.62.147801
http://wulixb.iphy.ac.cn/CN/abstract/abstract52363.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract52363.shtml
http://dx.doi.org/10.7498/aps.62.047801

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 11 (2016) 117801

Bk %ﬁﬁ'ﬂiﬁﬁ BEXxfInAs/GaAs(001)

FREKHZ

wfE ARER]

EAZ W

AN

EZANUE

(TR G BB S TR B, TR MR RHE ) EGUFT oG, T34 215006)

(20154 11 H 29 HiIgH; 2016 4F 3 A 27 HURFIMEEH )

7E InAs/GaAs(001) ¥ mAEK I F, X InAsit

JUREE DY 0.9 ML I, A HT RSNG00 AP bk v o 48 IR

JEAT, BT R T In BT AR E VE, WO S BT B RN O, R R T L TR TR R A
ARAL. S5 T BRI 9K AL 2L [110] 75 F 9Kl (RF: 2050 nm) [110] 77 1 A R il (R
1540 nm) MR FFF DR, FLIEREE N 0.5—3 nm. GKFLI % B2 5 ko it /e 5 %5 2 IEAH G, ik
RO HHE IR B RV R A TR — 5 H T AORAL AR I B B REAIR, DUARA) InAs TRGIER £
LA, PORFLBONE T SR O I B 55— 71, SLAMK XA O In JRU7 RO BB, 55 s AR RUAZ A 40
HI T 9K AL IR 2 2R T B A SRABL T A% Gt In g A 5% 1) R A BN &7 R A K IN T e, 1%

WEENE T R A KSR T — R i R %

KA InAs/GaAs BT 51, Bkt Hot, SEEUR 1Bk

PACS: 78.67.Hc, 42.65.Re, 68.43.Tj

1 5 =

PR T R T IR O BRI, £E R T
PR & ZLAMARI 28 55806 LA A T2 O R
A U010 AATE 3 R A R A 2 AR KB R
A PAET A, HH TR KR E T S
A BEREHL, RS A A s DL I, (64581 mOt
SRS v SZ SRR . Dy SEI BT SR R AR
K, 77 A LT AROE 2 9K I B A SR il 75
AT 08 XS RR T E %, TR
BEAT IR B I ZI AT ARG, ELAE AR & IR P g
%I)\’“)ﬁ’ﬁuﬁkﬁﬁ, X T R G AR AE AR Y

Tmﬁlﬂ Hh A AR T 08 o B R
JEE 1 Jik b O A TR R S AR, AT AR e B R

DOTI: 10.7498/aps.65.117801

5 3 I RE il 2 T T B B, AT S IR A R
[ F 2 & T T 50 R0 AL 2 4 4y 1 45 10200 78
InAs/GaAs(001) & 7 mi B AR R, i T84
S-K(Stranski-Krastanov) ZE KA, InAs EHEZ X}
BT R RO A EEE I, R R R R
Bl 17 R 5REE. GaAs g
TR (R A R A (8 AR s R SR A D fik
MO, 78 InAs/GaAs(001) & F s A= K il F2 ot
InAsIRIHEJZHAT AL AR IR, BE9T T 0 E - X IRIE

RSN T A .

S0 A F 25 22 DCA 2 &1 3T il 1) 3 1 5 41 4
(MBE) % #%. W& M4 K =G BOLE DALY

* LI R HA AR R TREFIE . R ERS S H (5. 2013DFG12210). H 5 B AR 54 (HtHES: 11504251,
51302179). TH A R HARB AW AR EKHH (kS 12KIJA140001) AT 5548 34 58 S A T 70 A= REUE 605 i 21 5 H (k5

CXZZ13_0809) % Bt
T B E1E#. E-mail: zwshi@suda.edu.cn
1 BfE5/E#. E-mail: changsipeng@suda.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

117801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.117801
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 11 (2016) 117801

R, T AR A KO FE 5 N O EE R
iR . GaAs(001) #fJE&E LS. AN EE, 17E
o JE IR 580 °C B 2% F A=K 300 nm HI L1 2.
BE J5 K A i L B &2 480 °C, 7E£9.0 x 10~7 Torr
(7 Aso JE R, LL0.023 ML/s [ 38 K T 1 InAs.  5¢
B rh 4 T B ALRE B 1) BT KR EOE xR
Z R0, EPTR 0.9 ML [ InAs &, 5% In J§ I
TRHF Aso WA, B J5 51 N K B0 5 ERE 5
FM; 2) AWK & T AR KR, T
FUREE B InAs (1.7 1.9 ML), JEEVTREIEE]
0.9 ML I, I Bk oL, TIREREA RBOLE I 5
T A . S R A A B O 28 8 = A A B
BB (NA:YAG) BOG#S, WK 355 nm, fk 9
10 ns, HEMZ 10 Hz. L5 FFH E T ) B st
(AFM) RAEFESEITES. TS RBEELA N
10 mm, BAE ST (1/4 1) 2 inch & ) /MR Z ) il
T2 A IE O Ha I X0 D9 W0 i T DX 3 ok e
4, DAORIEAERT F0 O 0 1 P RCR I o AR K A
FHIA].

3 EREREHN

AT JE %1, InAs/GaAs(001) &1 5 18 4121
ARG S-K AR, BTG 2R T B R AR KA A
I FLE675 L E £91.6 ML. 1 (a) £ GaAs(001) #
TPTRA 0.9 ML ¥ InAs 5 R HTE S, A EHA] L
75 BT M 0L 8% 3 [110) 7 b A IR E G 1. %
ERERAK, InAsBIEEREIUE HKE GaAs
SRR ML, SCHER [14] BT R R B, 7F GaAs 2%
MERMBE A KR, AT T [110) TR &
B 2R T E A EAK TP AT T [110] 1, Ga i
TAEAR IR JE R 5E 1% AL AT T [110) T M S By
30 %, T 8UE T2 &y [110] 77 m A&
AR [110] 77 ] PR, 505 B R T 4% ) S P R 3R
S, B 1 (b) FE 1 (c) /2 InAs iR 2 2 ik i
SR IR R RSN, SE40 A Ok RE B
FE 4y A 2178 35.4 mJ /em? F1£)40.5 mJ /em?. 6
IR BRI T IR 2 R/ 91 ML) — 4
By AR O SR E T 9K AL, ORFL— M
PUTE 4 B il %, H L% % 5 Bk o 1 e =
EEIEAE. MBPOERE LN 35.4 mJ/em? B, 44
KALHI B FELI N T x 108 cm™2; T 4 EOLREE L
J940.5 mJ/em? IF, SF R 9 0K L R R n == 2

2.0 x 10° em™2. YKSLHEHE N 0.5—3 nm, I
[110] 77 [ A9 A 1] < il ROSF 2 20—50 nm, # [110]
77 17 PR AR 5 2 Al RSS9 15—40 nm.

(a)

[110]

[110]

0o o 1.0 pm

1 (MTEE) InAs YiAE N 0.9 ML, krf#osE Ml
WRIEE AFM S (a) BHEOGIEH; (b) BOLREEEEA N
35.4 mJ/cm?; (c) WOLBERHEEZ 40.5 mJ/cm?

Fig. 1. (color online) AFM images of wetting layer at InAs
coverage of 0.9 ML: (a) Without irradiation; irradiated by
pulsed laser with energy intensities of (b) ~35.4 mJ/cm? and
(c) ~40.5 mJ/cm?.
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Fig. 2. (color online) AFM images of (a) non-

. o .. g
0 1.0 pm O

irradiated, (b) irradiated areas at InAs coverage of
1.7 ML and (c) non-irradiated, (d) irradiated area at
InAs coverage of 1.9 ML.

IR X InAs/GaAs &1 S A KA B %5
sz, — kU, AR R I, In R 1R
T8 Z 5 m, AT R T T RS ECR . 404
Mgt &1 . WOt 52 A kL 8] A BAE
A= NE R0 R, e E s 8ua ok, ek
LGRS Ay § A o AR 2 A B 7o o 2R O B
THJZTES B 520, T T ORI, T R ANEOE
ok e B4) e B AR, Ik Ot T B BB E AR
2 G (1 77 2AE AR S B T P 0 6L, il B 34
B0 T B IR A o 3 THD R 5 IS TR) () A2 Ak, A

117801-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 11 (2016) 117801

WA RE IS B0 1 R 2 A i A o E, R
F Matlab B8 SR g e S5 F2 U7 18] BOB4R
PR, BE SR A DA 0.9 ML i InAs, 5
JR ) 2 E HUOCHR [18] H GaAs IS 3. GaAs X
355 nm WL R ECH 7.05 x 105 m~1, RIEOE
M BERIE N 1.4 um, /N FEOBEBERI /N, B
U B[] (1) A8 4 55 5 FE RS B AT %, TR It ] R
B VR RE N SR T 1) (AL 5, B 30T R AL

e ERE SR T AR — 4R, B S a5 R
WKl 4 Fros, 123 RE =% 54 28 40.5 mJ /em ™2
F135.4 mJ/em =2 Rk MO E AR IR R, FE SR TH
IR T2 689 °C 1663 °C. ikih4h d i, FE i
FETH (V) B TR R B FERK PSSR 3 us B, B
B 5 T A MR P 5 SR THD L R P B4 485 °C,
5 us I, IR BN R 2480 °C, RIGHARN 5¢
EEEN

(a) (b)

! 1(c)
01 01 0

Z/nm
|
-

: :
N ! 5 !
0 10 20 30 40 50 60

X/nm

0 10 20 30 40 50 60
X/nm X/nm

-3
0 10 20 30 40 50 60

3 (MFIRA) InAs JIEN (a) 0.9 ML, (b) 1.7 ML, (c) 1.9 ML i, 90K EF S RHEILSN AFM =4

P B xR T R

Fig. 3. (color online) Three-dimensional AFM images of nano-holes and quantum dots and corresponding
height profiles at InAs coverage of (a) 0.9 ML, (b) 1.7 ML, (c) 1.9 ML.
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Fig. 4. Calculated temperature evolution of sample

surface after pulsed laser irradiation.
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Abstract

InAs/GaAs quantum dots (QDs) have been extensively applied to high-performance optoelectronic devices due
to their unique physical properties. In order to exploit the potential advantages of these QD-devices, it is necessary
to control the QDs in density, uniformity and nucleation sites. In this work, a novel research of in-situ pulsed laser
modifying InAs wetting layer is carried out to explore a new controllable method of growing InAs/GaAs(001) QDs based
on a specially designed molecular beam epitaxy (MBE) system equipped with laser viewports. Firstly, a 300 nm GaAs
buffer layer is grown on GaAs (001) substrate at 580 °C and the temperature decreases to 480 °C to deposit InAs. As
soon as the amount of InAs deposition reaches 0.9 ML, a single laser pulse (A = 355 nm, pulse duration ~10 ns) with
an energy intensity of ~40.5 rnJ/Cm2 is in-situ introduced to irradiate the surface. Then, the sample is taken out and
then its surface modification is immediately evaluated by atomic force microscope measurement. Atomic layer removal

nano-holes elongated in the direction, and a surface density of ~ 2.0 x 10° cm ™2

are observed on the wetting layer. We
attribute the morphology change to being due to laser-induced atom desorption. Because indium atoms should be easily
desorbed away at substrate temperature of 480 °C during the laser irradiation, some vacancy defects are created. Then
atoms adjacent to those defects would become weakly bounded, resulting in preferential desorption around the defect
sites in sequence. Therefore, atomic layer removal is intensified by such a kind of chain effect and finally nano-holes are
developed on the surface. In order to make clear how these nano holes of special kind influence the InAs/GaAs (001)
QD growth, we perform another study by continuously depositing the InAs after the irradiation at the same thickness
of 0.9 ML. It is found that when 1.7 ML InAs is deposited, QDs start to nucleate into some nano-holes and then are
further deposited with an InAs coverage of 1.9 MLs, all the nano holes would be completely nucleated by QDs with a
good uniformity, and there are no QDs in the remaining area. Such an effect of QD preferential nucleation in nano-holes
could be explained by the following two causes. Firstly, adsorbed indium atoms tend to immigrate into nano-holes for
lower surface energy induced by the concave surface curvature. The enhanced accumulation of Indium is in favor of
the preferential nucleation of QDs in nano-holes. On the other hand, QD growth in areas outside the nano holes is
depressed for indium desorption in pulsed laser irradiation process. In conclusion, our studies of in-situ laser-induced

surface modification reported here provide a potential solution of controllable InAs/GaAs (001) QD growth.

Keywords: InAs/GaAs(001) quantum dots, pulsed laser, photon stimulated desorption
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