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Research on the electrical properties of InAs/GaSb type-II

superlattices

XTANG Tai-Yi'?, WANG Nan™,
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(1. School of Information Science and Technology, ShanghaiTech University, Shanghai 201210, China;
2. National Key Laboratory of Infrared Detection Technologies, Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China)

Abstract: In order to investigate the electrical properties of InAs/GaSb type-II superlattices, a lattice-matched AIAsSb

electrical isolation layer was grown between the GaSb substrate and the InAs/GaSb type-II superlattice epitaxial material

to suppress the conductive effect of the substrate. Temperature-dependent Hall measurements revealed that the uninten-

tionally doped superlattice exhibited N-type conductivity. As the P-type doping concentration increased, a carrier com-

pensation was observed, with the conductivity type reversal occurring at 95 K and 230 K. Below the transition tempera-

tures, P-type conductivity was exhibited, while above the transition temperatures, the material exhibited N-type conduc-

tivity. The phenomenon was analyzed using the Fermi level model, and the results indicated that the transition tempera-

ture for the conductivity type change increased with increasing doping concentration.

Key words: molecular beam epitaxy, InAs/GaSb type-II superlattice, Hall effect, X-ray diffraction
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AR SCHIFZE 169 R A A 3 2 4 SR A SEE (Mo-
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MBE % % LB % T As.Sb 244 LA} In . Ga Al 3
J5dr, Be VE MBI A FE ML P2 0L P RIS % . SEG K
IR T B2 AlAsSh AR | P2 GaSh 5 FN L
JZ InAs R L KGER SRS FE S o b, ATASSh J R 2
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R A GaSh A iK1 AME A= K 114 100 J& 1719 InAs
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Table 1 Sample and doping temperature
FE i e e 4] TN s P
N GaSb Sub+200 nm
FEfh A g
AlAsSh+508 nm SLs
N GaSb Sub+200 nm 713 °C
FEM B
AlAsSh AlAsSb+512 nm SLs Be 574
R A - GaSb Sub+200 nm 752 °C
b C
AlAsSb+506 nm SLs BeB7%
v GaSb Sub+200 nm 785 °C
FEsH D
AlAsSb+509 nm SLs Be B32%
GaSh i 5 ks FEha GaSh Sub+ 510 nm SLs "
§ GaSb Sub+200 nm
GaShiifii  FEME &
AlAsSb+1pm GaSb
InAs Sub+200 nm AlAsSh+
InAs JHiIE FEfF
Ipm InAs
AlAsShi#ifiE  FEEH G GaSb Sub+200 nm AlAsSh I

T FRAE A1AsSh & 252 B4 2Pk, 73 BIHE 77 K
F1300 K & X%F AlAsSh i J8 i 47 1 L BH 28 03,
AlAsSh #JIEEAE 300 K T HLBH A K (3~4) %107 Q-cm §iE
[l M7E 77 KT L BH A (8~9) %107 Q-em [, 4
T2 108 AlAsSh (W28 250, o] LK ol fHR 5
oAt g DL SRR BT XS e o 04, 7€ 300 K I,
AAE GaAs [ BLRLZ N 10" Q-em, AHELZ T, Frill
5 A1AsSh 9 HLBH 3 5 A GaAs A1 24, 5 & 7E A%
(77 K)F , AlAsSh i HLBH Ze i — 20 ot , Hi4a 2%
PETE R 3, 3 32 B T LAAE Ry 8 A 25 4 v B
AL )Z
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Fig. 1
GaSb superlattice

X-ray diffraction results of AlAsSb superlattice and

& 2 Sh AlAsSh 8 & i 1 GaSbh 8 A 4% B4 BT
AFMIE S EAE , FHIETEF R 5 pmx5 pwm, AlAsSh i
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R0, 22 nm A10. 21 nm, Z5FE I, AIAsSh # fiA%
ﬁm%ﬁ%ﬁ%%ﬁﬁ%ﬁ%%ﬁ$ﬁ%%ﬁ%

# AT DO SR 2 BH g 2R A5 R . ik F B A1AsSh 4
G2 B 5| A FRTH T3 A B R

7E 58 B XRD FlAFM W J5 , 4 1L 24 8
mmx8 mm Y 1E 7T | i i AR TR A R R S A yu AR
ERAE T AR B 2R e o 2 KI5 A8 il FH 96
[/ 7] LaKeShore 1% 4% , 38 1t S SR Za ML AT 4R,
I LS Y LN 10~300 K, BE3 K/ 0.5 T, 1E
BEIRMR A, S T I 8 B 1 R G 422 file, 6 44 1)
PUAS B TTRRA: KT Ti/PYAw, FT FH SH Bk 58 Uk R
S Z M. T ERIE AlAsSh 48 2% )2 ) i
mm A L2 REPE (52 K TC 4B 4% 2544 T 19 ATAsSh
HH*ﬁﬂ] GaSh # f A% HEA T XF He ik, I3 78 5 Sk 10

o I XT H AT AIASSh # fi 4% Fl GaSh A % 15
*ﬁﬂw AR T B L2240, W AT ALAsSh 48 2%
AT 2R s A . DR SR g 2

] 1 2 3 4 5

(b)
2 AlAsSb i dhHs Fl GaSb Ak AFM Pl 1%
Fig. 2 AFM test images of AIAsSb superlattice and GaSb su-

perlattice
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Table 2 Electrical properties of AlAsSb insulating lay-
er superlattice and GaSb superlattice at 10 K

FE il T HRE (em™) TR R (em’fvs)
Sample A 1.52x10' 6796
Sample a 1.12x10' 7036

T 2> R XRD AT 5 J AFM JE S £ AR5 R
7 T AlAsSh 8 @i As B BT 0 AR 4548 R0 P2 1Y
FEMT o A AR T R 25 R B, A2 K AlAsSh
A % )22 Y S S 5 GaSh 4] JEC A9 8 Bl A HL 2R 4 Pk —
. P, A SR AR K ALASSh 26 2% J2 1 75 1 148
G A 1 L 2R R

HRE5HM

TETT & InAs/GaSh 1T 25 5 4% Hi, 27 e M 0F 5%
BT, B ZE X B2 InAs . GaSh M8 (1) B 2p e v dE AT T
FAESHT, B 3 M B2 InAs . GaSh 8 15 1% 22 SR T 5
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GaSb thin films: (a) carrier concentration and mobility of

Temperature-dependent Hall test results of InAs and

InAs; (b) carrier concentration and mobility of GaSb
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FELMEALSC FR R IB AR (Sample A) 1Y 2 T
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K4 AlAsSb i i ks 2000 1 B Bl 3 22 AL 25 2R - (a) Sam-
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ple A In(n)-1000/T 3 %

Fig. 4 Temperature-dependent carrier concentration results of
AlAsSb superlattice: (a) the linear relationship between carrier
concentration and temperature for Sample A to Sample D; (b)
In(n)-1000/7 relationship of Sample A
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Table 3 Fermi level calculation parameters

HHRZHL 2R 18
E,(0) 0 K i g7ty it 0.254 eV
m,’ EYICEEIOTs - 0.45 m,
m,’ LA R 0. 035 m,
& GHENTIEE 3.7x10™ eV/K
B FROEIRE 24 270 K
N, URBE LI vk 4x10'"° ¢m™
N, KRB b e B 1. 8x10" cm™
AE TR ARG FE IS e 3 meV
AE, TR BB BRI fiE 33 meV
AE, ZZ E A T g 3 meV

RGN T PR B S fidk -
p 5 T AR S v R AR R T B EL(0) 2
N 0.254 eV, Al AT TR m,'=0. 035 m,, #ii7 i
AR m,'=0. 45 mq, m,>h H LT BURE, JX 264G
R SCHR P G 1Y InAs/GaSh 112 ks
F3r . AR Klein B35 AR TR 45 R AL S5 1)
) InAs/GaSb Il 25 # i #% ) a=3. 7x10™ eV/K, B=
270 Ko &AERBRFALEARIR P L8 i e, th R
Z= FE b (Sample A) (9 8 JR I 3R 15, V,~1. 8x10"
em”™, IRAERAR IO HEARTS , RIBAHE T (Sam-
ple A) ) 2RI 1 B A8 i ik DX A 70 TR RE G B
WAEAR T N, ~4x10" em ™ fE B BAE . @ B3
AR RE ST 5N AE, =3 meV , AE,=33 meV,
AE =3 meV,Sample A~Sample D fJ$5 244 5 7] i 2=
IRINAEE J3K45 . Sample A B N.=0, Sample B i) N ~
4x10" ¢m™, Sample C ) N ~2x10" ¢cm™, Sample D ¥
N~8x10" cm™,
W ERSHCE At X (3) A U5 A
o i Bl K BE A X Al b e Bl i A 72 A A
&1 5 itz , HoHt Sample CHE 104 K 2247 A& 4R G LS
AR Sample D 75 217 K 24 KA S ISR AR
X5 R A R AR Y, BB vk R, R iR
JE R
6 s T ANl PRS2 U JEE ATASSh 8 ffv % 19
ER, W LE B &0t PRIB IR BB R R E
T BERAE . KT Sample A, HAT R R AR E
PA I FT Rl 532 = A~ DT 43300 Fh A [ RO ML R 3=
T IR AL T 10~50 K, Fifi & I B2 T o i 78 32
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relative to the band gap center
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Temperature-dependent variation of the Fermi level
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AlAsSb superlattice

Temperature-dependent carrier mobility results of
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