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Table 1 Concentrations and mobilities of PbSe films at
room temperature
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Table 2 Parameters for calculating mobility of PbSe
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Fig.1 Mobility of the PbSe as a function of tempera-
ture
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as a function of temperature

4 Hi

BIMRAZSFRMEEKTIEARB I Pb-
Se B J AR, B JR 0 A0 VR R PHL B S I 48 38 X
TBEHEBEERBEIBEERNZETH
300cm?/(V « ) K3 77K BE T 3 X 10°cm?/



102 ¥ & Kk % # #28%

(Ves). RTRBTT~29K BEECERNIB RN [5] SiJX, WuHZ, XuTN, etal. Microstructural properties of
" s g single crystalline PbTe thin films grown on BaF; (111) by
iﬂg %Eﬂﬂ* 2, ﬁ ﬁ] T{'% T PbSe ## *4 i %’&‘ ﬁ molecular beam epitaxy. Chin Phys Lett,2005,22(9) ;2352
RER ﬂ:ﬁﬁ JEE BREH LINGE 3 2 %ﬂ' N [6] Chattopadhyay D, Queisser H J. Electron scattering by ion-
j’ﬁ%ﬁﬂlﬁf&ﬁﬁgﬂ'&ﬁj’ﬁ’—% &mﬁﬁiﬁ*i B‘Jﬁg ized impurities in semiconductors. Rev Modern Pi;ys. 1981,
B, RANFEHFRENIBRSLRERE, R - §3<:> =7<;5$h ey . Deformtion pocetal and ot
3 ' 5 ardeen J, Shockley W. Deformation potential and mobilities
B}i‘ﬁf 77~295K ﬁﬁ?ﬁ@m%%&ﬂﬁj%%uﬂﬁm in non-polar crystals. Phys Rev,1950,80(1) .72 -
%I—fﬁ%% H{] I%ﬁﬂj PLE. Iﬁj HTI ' R 'E] iﬂ& ‘F Ra- (8] WuH Z, Dai N, McCann P J. Experimental determination
man X E ER,.BT PbSe LO(D) & FH#UFH b, of deformation potentials and band non-parabolicity param-
ﬁfm—%j’ﬁ'—%ﬁ% Hﬁﬁ!{%ﬂﬁﬁﬁ?iﬁﬁﬂ% H‘j‘ﬂaéiﬁ eters for PbSe. Phys Rev B,2002,66:045303

?&%%ﬁ%ﬁ?ﬁﬁa‘%%ﬂﬁ PbSe %§Kﬁg$ [ 9] Zasavitskii I I, de Andrada e Silva E A, Abramof E, et al.

Optical deformation potentials for PbSe and PbTe. Phys Rev
B,2004,70:115302

g E‘Ziﬂﬁﬁ- T j(%ﬁ BYHELRE 1‘/@ REHTZR [10] Martinez G, Schluter M. Electronic structure of PbSe and
%% g _)f( j:E 1%?5 EE. i $w E E % % B(J ﬁ B !@ Iﬁﬂ' PbTe. I. Band structures, densities of states and effective

masses. Phys Rev B,1974 11(2) ;651

LBLERFYERLEHRMEHELE Ra- [11] Meijer HJ G, Polder D.Note on polar scattering of conduc-

man %%ﬂﬂ,ﬂ = _t% FH iﬁ . tion electrons in regular crystals. Physica,1953,19.255
[12] Berlincourt D,Jaffe H, Shiozawa L R. Eletroelastic proper-
E X5 ties of the sulfides,selenides,and tellurides of zinc and cad-

mium. Phys Rev,1962,129(3) :1009
[1] Matsushita Y, Bluhm H, Geballe T H, et al. Evidence for [13] Brown D M, Bray R. Analysis of lattice and ionized impurity

change Kondo effect in superconducting Tl-doped PbTe. scattering in p-type germanium. Phys Rev, 1962, 127(5),
Phys Rev Lett,2005,94.:157002 1593

[2] Romero H E, Dradic M. Coulomb blockade and hopping [14] Yang AL,Wu H Z,Li Z F,et al. Raman scattering study of
conduction in PbSe quantum dots. Phys Rev Lett, 2005,95: PbSe growth on (111) BaF; substrate. Chin Phys Lett,1999,
156801 17.606 ’

[3] Chu Junhao. Narrow-bandgap semiconductors. Beijing: Sci- [15] Lee T D,Low F E,Pines D. The motion of slow electrons in
ence Press,2005 (in Chinese) (B ¥ FEW L G hYH a polar crystal. Phys Rev,1952,90(2) : 297
2. b B AR A, 2005] [16] Upadhyaya K S, Yadav M, Upadhyaya G K. Lattice dynam-

[4] Cao Chunfang, Wu Huizhen, Si Jianxiao, et al. Abnormal Ra- ics of IV-VI ionic semiconductors: an application to lead
man spectra of PbTe crystalline thin films grown by molecu- chalcogenides. Phys Status Solidi B,2002,3:112
lar beam epitaxy. Acta Physica Sinica,2006,55(4) ;2021 (in [17] Shimada T, Kobayashi K L I, Katayama Y, et al. Soft-pho-
Chinese) [WH¥ , REHL IR, %. 4 TRIE PbTe 2 non-induced Raman scattering in IV-VI compounds. Phys
SRR R8N B2 ], 2006,55(4) :2021] Rev Lett,1977,39.143

Mobility and Phonon Scattering in Epitaxial PbSe Films*
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Abstract: Non-intentionally doped PbSe crystalline films are grown on insulating BaF,(111) by molecular beam epitaxy. The
measurements of Hall effect and temperature-dependent resistivity show p-type conductivity of the PbSe epitaxial films. At
295K all of the samples display hole concentrations of (5~8) X 10" cm™* with mobilities of about 300cm?/(V » s). The hole
mobility increases with the decrease of temperature and at 77K hole mobility is as high as 3 X 10°cm? /(V » s). Carrier scatter-
ing mechanisms limiting hole mobilities are theoretically analyzed,and the calculation shows that in the temperatures between
77~295K, the scattering of polar optical modes dominates the impact on the observed hole mobilities in PbSe epitaxial
films. Raman spectra measurements at T>>200K observed strong optical phonon scatterings in the PbSe epitaxial films, which
is consistent with the hole mobility measurements.
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