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Table 1. The subband energies and densities for car-

riers at different structures of the QWs.

Linas-Lgash €9/meV  ep /meV Ne/m ™2 ny/m~?2

15 nm-8 nm  33.06 128.49 1.48 x 1016 3.43 x 101°
8 nm-15 nm  93.42  136.05 5.17 x 101 1.39 x 1016
8 nm-8 nm  93.42  128.49 5.17 x 10'® 3.43 x 1015
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Fig. 1. The wavefunctions for electrons and holes with Liyas = Lgasp, = 8 nm (The solid line and dashed line

represent the wavefunctions for electron and hole, respectively. The wavefunctions for electron and hole overlap at
the interface z = 13 nm), and the inset shows the scheme of the structure of the AlSb/InAs/GaSb/AlSb quantum

wells where the sold line and dashed line represent the conductance and valence band, respectively.
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Fig. 2. The photoconductivity Ge/Go induced by
the electron transitions at 7' = 4.2 K with Liyas =
Lgasp, = 8 nm. The inset shows the photoconduc-
tivity Gn/Go induced by the hole transitions with
Go = €?/h.
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Fig. 3. The conductivity at different structures of the
quantum wells with 7" = 4.2 K (The solid line, dashed
line and dotted line represent the conductivity at Liyas =
Lgasy = 8 nm, Lizas = 15 nm, Lgasp = 8 nm and
Linas = 8 nm, Lgasy, = 15 nm, respectively).
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Fig. 4. The conductivity at different temperatures
with Lizas = Lgasy = 8 nm (The solid line, dashed
line and dotted line represent the conductivity at the

temperature 4.2, 77 and 300 K, respectively).

4 % #

KX RGBT &7 B4 x5 & T
InAs/GaSb 1] =2, Wi f Sk & T s &
PRSI 0, 't L 5 0 A A7 B T DUaE i B
f) &8 7 4T, B 9T R B 24 2 1 BF R InAs Al GaSb
[ JE BE 5 8 nm B, o't S A W A V& 78 KR 24 X
(0.2 THz). TE1%E T P& R A o F02 7T F
BT, 6 HL T R R SR OKTH T A BRI KT 5
&, BT T A RUR R, T ORI
PR X L DT R B R, H S T R T B S5 A,

187301-5


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 18 (2018) 187301

U Linas = 8 nm, Lgasp = 15 nm i, &7 Frdr i
2R BEAR R, TR 23 /BRI X' L 5 () Dkl
SEM. At — P 7T IR EX OGS R,
B FE IR, i FE T, O FLR BB A BT R B I HL
UEEAF R AR 2T F% 3K 32 Bt DR DAyl o 0 2 KT PR 2K
WS ESAEER W, A0S H P 712
ITTIER KRB PR 22 2 TT IR 2A R R,
%77 V5 B AT DL IGE G it RIS TR) A BA Aty ke iy i 22, ST
BT 4T, A LLONFET InAs/GaSb ) =35, Wi 2 &
A B 1 B 2R G0 AE A 2% ' L 28 4 7 ThD A O A
cHi.
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Abstract

Great attention has been paid to the terahertz (THz) technology due to its potential applications, in which THz
radiation source and detector with excellent performances at the room temperature are most desired. The semi-classical
Boltzmann equation is employed to study the response of electrons and holes to the electromagnetic radiation field in
InAs/GaSb based type II quantum well system (QWS). The balance equation method is used to solve the Boltzmann
equation, and the influences of the structure of the QWS on the photoconductivity is studied in detail to reveal the
mechanism of the photoconductivity in the QWS. The photoconductivity is influenced by the carrier density, the subband
energy of the carriers and the coupling of the wavefunctions which can be modulated conveniently by the structure of
the QWS. In this study, our attention focuses on the influence of the structure of the QWS on the conductivity. When
the width of the InAs layer and the GaSb layer are both 8 nm, a sharp peak in photoconductivity is observed at about
0.2 THz due to the electron transition in different layers. The strength of the peak decreases slightly with the increase
of the temperature, and a red shift is observed. However, the photoconductivity is not sensitive to the temperature and
has good performances at relatively high temperatures up to the room temperature, which indicates that the InAs/GaSb

based type-II QWS can be used as a THz photoelectric device at room temperature.

Keywords: InAs/GaSb based quantum well, terahertz, photoconductivity, balance equation method
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