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rocking curve of PbSe film grown at 450°C with Se va-

substrate temperature

por and the FWHM of rocking curve versus substrate
temperature of PbSe film grown without Se vapor,re-
spectively.
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Fig.2 AFM surface morphologies of PbSe films grown at different Se/PbSe flux ratios (R) from 0 to 0.6 (a)
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(a) 3D AFM morphology of PbTe QDs self-

organized on PbSe buffer layer; (b) Height distribu-
tion of PbTe QDs on PbSe buffer layer

B HEAT A ST . 2 A Se TG I L B A8 BE i 3 7
FE BT R R . Se W B K (R, = 0. 6) B,
PbSe i 15 2 M E IR TE 45 14 » 314573 R 1 (rms =
0.4nm).Se Wy L B Se - Pb b4 RL L,
AT e A% 7 v B g 07 AR 5 8 55X #E PbSe R iE 5
B EAHALERK T PbTe & 7 4. & 7 S0 & E
g 23 1 11nm P FD R ST

&%k

(1]

Springholz G, Bauer G, Holy V. Scanning-tunneling-micros-
copy observation of stress-driven surface diffusion due to lo-
calized strain fields of misfit dislocations in heteroepitaxy.
Phys Rev B,1996,54:4500

(2]

[5]

[6]

7]

L8]

Lo]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

Wiesauer K, Springholz G. Critical thickness and strain re-
laxation in high-misfit heteroepitaxial systems: PbTe; - , Se,
on PbSe(001).Phys Rev B,2004,69:245313-1

Yang Bin, Liu Feng, Lagally M G. Local strain-mediated
chemical potential control of quantum dot self-organization
in heteroepitaxy. Phys Rev Lett,2004,92:025502-1

Leonard D,Pond K,Petroff P M. Critical layer thickness for
self-assembled InAs islands on GaAs. Phys Rev B,1994,50:
11687

McCann P J,Kamat P,Li Y,et al. Optical pumping of [V-V]
semiconductor multiple quantum well materials using a
GaSb-based laser with emission at A = 2. 5um.J Appl Phys,
2005,97:053103

Zhao F,Wu H,Majumdar A,et al. Continuous wave optically
pumped lead-salt mid-infrared quantum-well vertical-cavity
surface-emitting lasers. Appl Phys Lett,2003,83:5133
Pinczolits M, Springholz G, Bauer G. Direct formation of
self-assembled quantum dots under tensile strain by hetero-
epitaxy of PbSe on PbTe(111). Appl Phys Lett,1998,73:250
Raab A,Springholz G. Oswald ripening and shape transitions
of self-assembled PbSe quantum dots on PbTe(111) during
annealing. Appl Phys Lett,2000,77.:2991

Raab A, Springholz G. Controlling the size and density of
self-assembled PbSe quantum dots by adjusting the substrate
temperature and layer thickness. Appl Phys Lett, 2002, 81 .
2457

Alchalabi K, Zimin D,Kostorz G,et al. Self-assembled semi-
conductor quantum dots with nearly uniform sizes. Phys Rev
Lett,2003,90:026104-1

Ferreira S O. Neves B R A. Magalh a es-Paniago R. et al.
AFM characterization of PbTe quantum dots grown by mo-
lecular beam epitaxy under Volmer-Weber mode. J Cryst
Growth,2001,231.:121

Snyder C W, Orr B G, Kessler D, et al. Effect of strain on
surface morphology in highly strained InGaAs films. Phys
Rev Lett,1991.66:3032

Shiryaev S Y,Jensen F,Petersen J W. On the nature of cross-
hatch patterns on compositionally graded Si;., Ge, alloy lay-
ers. Appl Phys Lett,1994,64.:3305

Springholz G, Ueta A Y, Frank N,et al. Spiral growth and
threading dislocations for molecular beam epitaxy of PbTe
on BaF; (111) studied by scanning tunneling microscopy. Ap-
pl Phys Lett,1996,69.2822

Tersoff J, LeGoues F K. Competing relaxation mechanisms
in strained layers. Phys Rev Lett,1994,72.:3570

Zogg H, Blunier S, Fach A, et al. Thermal-mismatch-strain
relaxation in epitaxial CaF,. BaF,/CaF,.and PbSe/BaF;/
CaF; layers on Si(111) after many temperature cycles. Phys
Rev B,1994,50:10801

Springholz G, Frank N, Bauer G. Surface roughening transi-
tion and critical layer thickness in strained-layer heteroepit-
axy of EuTe on PbTe(111). Appl Phys Lett,1994.64:2970



I TRRTAF . PbSe L& h )= 32T 45 #4) B8 b & PbTe 4 T A3 Byl 45 91

Evolution of Micro-Structures on PbSe Buffer Layer
and Self-Organization of PbTe QDs"

Xu Tianning', Wu Huizhen"", Si Jianxiao', Cao Chunfang', Qiu Dongjiang', and Dai Ning®

(1 Department of Physics. Zhejiang University , Hangzhou 310027, China)
(2 State Key Laboratory of Infrared physics, Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: PbSe single crystal films are grown on cleaved (111) surface of BaF, substrate by molecular beam epitaxy. The
effects of different Se/PbSe flux ratio (R¢) on morphologies of PbSe films are studied. For PbSe film grown without Se va-
por s the surface morphology is characterized by 3D islanding. This feature is changed into triangle holes when low R; is used,
and the dimension of triangle holes decreases as R; increases. Spirals with monolayer (1ML = 0. 354nm) steps are observed at
R =0.6.The diameters in plane of spirals range from 1 to 3um,and the average step spacing within the spirals is 150nm. The
reason for evolution of microstructures on PbSe surface is that the Se vapor has played an important role in the strain relaxa-
tion, which can change the growth mode of PbSe films. Finally, we demonstrate the self-organization of PbTe QDs on PbSe
buffer layer with the spiral features. The PbTe QDs with two-height distribution are observed. The average heights of the two
type PbTe QDs are 11 and 23nm.respectively.
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