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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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SEREVEXT IR R BEAA B B OCEEAEA . fln, P-
T-N B AR &8, FL T X S 3000 1 B A # 2R
RKRFRIE ok T/ A Ay 5K 5, 2E 1M 52 i
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GaSb #}JiE I, FH T GaSb A S & S HL Y, (45 AL
IR BT EL oA GaSh A iS5 AME 2 A1 R i, T
T B R AR RS AR LR . O T
GaSb wJiE s, B, B PR L 32 28Rk AR E /R 7
RN A% GaAs I 5 5t A E B 53 48 b A% 44 BL )
HLZREME . GaSb AP ITEIR IR T 20 K414, &
TP R LR B STk T DA 2B e B R
IR, T A5 8 R 27 A 2 AT LR B e it A AR B 1Y
FEME . SR, SRR 5 AR 20 K LR A 4K, 2
T A K% InAs/GaSh T 288 A% 4460 75 Y L0 T
YRR, i A592 7 i A SE bR i F P i s 2 80 T
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(A EL LR, SR T T GaAs 58 S A% AR 22 TRI A7 7R 24
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AlAsSh f&—Ff 111- Vﬁéﬁﬁgﬂlﬁ/ﬁ‘# HARAE
JEE I AR H B0 ALAs AT AISh 4y g o i i T”
AlAs 5 AISb 94143 L f51] , A1AsSh AN Y RE % 52 8 5
GaSb # J)lE ) InAs/GaSh I ZSH S A% (1) i 4% DT EC , 1
HEA R AP M4 5, (o 5 % ok BRA A9 L 2 B 25 )2
L, FEASCH, T8 3 7E GaSh 4 JE 58 s A1 9T 44
B2 A AIAsSh 4625 2 0 J5 1, BR9% T db A% 11
FL 27 R P AN ()48 2% Wk 3 ) B s FL 2 SRR 1Y 52
Wi, FEXT L SR AT T RS A

AR SCHIFZE 169 R A A 3 2 4 SR A SEE (Mo-
lecular Beam Epitaxy , MBE) %75 4E 4 . 5k vk &
RIBER 2 w) 25 7 (1) 73 F- AP SEE % 45 Compact 21, I
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
TE GaSh #1 IS [ A/MEA K1, HJREE A 200 nm, InAs

\1#}

WG RE 2 TE InAs A IS B AR SE A2 K 200 nm Y
AlAsSh %6 2% |2 5 F5 AN E A K 1 m 1) InAs 3
GaSh TR AE 5 W 7E GaSh #H i _E AME A= K 200 nm
) AlAsSh 4 2% )22 J5 AP JE AR K 1 wm /9 GaSh i85
ST K 3 AT ATAsSh 46 2% 2 X & s A R R
) SE A, 7E GaSb b A1 4E il 25 T W9 25 68 4% B i
— BN e AE GaSh IS L A E A K 200 nm AlAsSh
Y % 2, I A E AR K 100 JE ) InAs (3 nm)/GaSh
(2.1 nm) B a6 CT SCTHRTPR “ALAsSh AR A% ") o I3
— R B AEAE GaSh #f IS I AME A= 4 1 100 J4 1
f) InAs (3 nm)/GaSb (2. 1 nm) # 5 #% (T 3C i #%
“GaSbh il ARKE ") o BLAN, T i — 297 P Rl B 24
2T S BB 2R 43 BIAE 713 °C 752 "CHI
785 “CHYIB L 5 F X A1AsSh # A& E4T 1 54%5¢
55 A SE R AR Mk B T 0 s 2 R P AR A B A AR
B 1R,

x1 BREERRBREE

Table 1 Sample and doping temperature

FE i FEmEs AR 1B A
N GaSb Sub+200 nm
FEfb A Jo
AlAsSb+508 nm SLs
N GaSb Sub+200 nm 713 °C
FEhh B
AlAsSh AlAsSbh+512 nm SLs Be 1574
R A - GaSb Sub+200 nm 752 °C
K C
AlAsSb+506 nm SLs Be 54
v GaSb Sub+200 nm 785 °C
FEf D
AlAsSb+509 nm SLs Be s
GaSh i 5 ks FEha GaSh Sub+ 510 nm SLs "
§ GaSb Sub+200 nm
GaShlifif  FERE G
AlAsSb+1pm GaSb
InAs Sub+200 nm AlAsSh+
InAs FEAF
Ipm InAs
AlAsSh#iE  FEFH G GaSb Sub+200 nm AlAsSh G

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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R FAERE A BT 5, RERE S AT T R A R
X S AT 5T (X-Ray Diffraction, XRD) il #1511
11U (Atomic Force Microscope, AFM) MGk, & 1
oA ALAsSh i i Rl GaSh /8 @i 14725 43 H% XRD A7
S AE R, AIASSh 8 A% R GaSh i T 4% 1) 2f 1
G 53 9 36 arsec 1 32. 4 arsec, AlAsSh # A% B9 2
W i 55 GaSh 8 A% 1 A0 T8 T, R BT 2 AT AH
ETiURTLE NG 8
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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
AFMJE S EAE , FHGIEH R 5 wmx5 wm, AlAsSh i
i A% R GaSh 8 i A 1) 28 HDRLRE B2 347 77 AR (RMS) 43
R0, 22 nm A10. 21 nm, Z5FE I, AIAsSh # fiA%
F1 GaSh H Af s 1) 9 IRDHDRE J3 25 57450/, A i 2 1T
# Y] DO SR 2 B i R A5 H o X W A1AsSh 44
GRIZ T A SRR B

TE 58 L XRD A AFM I3 S5, 6 #4 AL i 20
8 mmx8 mm [ 1E 75 JE , 38 2k A8 Yl 28 IR M 45 5 v 1
BRYEFRAE TRER A B P . 7 Rk 4 1
9 [5 /A F) LaKeShore 1% £ , i i 20 SR 46 WLEAT R
TR, I YR BE Y BN 10~300 K, 743 K /N R 0.5 T,
FEBE SRR, Ry T T b R A ) DR file , £ A e
B DU DR KT Ti/PY A, I AR BR 5¢ A1
RS IAS Z Il . R T 5% AlAsSh 48 2% 2 X
8 fm A HL SRR RS I o TC 4B 24 45 14 R 9 ALAsSh
R A A% FI GaSh i &A% FE AT X B3, I3l B Ry
10 Ko 38 355 % b4 BT ALAsSh #8 4% Fll GaSh 8 A%
TEAR RIS F T B s 2= S50, vl LA AlAsSh 4
ZZ MG AR 2R i g AR L R R

] 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

22217, AlAsSh A8 S A% Al GaSh # i A% 7EAR TR T 1Y
2P R RO ], 26 B A1ASSh HE 27 4 25 )52 o 8
M o SR I LB R

F2 AlAsShERIEF GaSbBRIEE10 K THREZRER
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

2EHERESHM

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



246 O hh 5 2 K 3 2 R 45 %

iR HR K] JEEE £ 44 (Unintentional Dop-
ing, UID) InAs SHIZS AL N A, MR EE K T 83 K,
TR 8 2 A2 W B AR B U 52 ), Bt IR T e
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H 2R T VR B B N5 | & B oo S 8. JE
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Y BE LT T G H E S R RO S, Y i
FERT 70 K, iE A 32 Bl B T+ T B, LS
7RSS I Bl TR A R, AR R
HIERE R . © AR KR, InAs/GaSh i fhifk
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Fig. 3

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

€l 4(a) & Sample A~Sample D & i ¥ B B 7
JELRMAAL I R RIB 2R (Sample A) YT T4
JEEAE XA IR S BN PR AFTE 10 em B, RNy
N SH, 41 &] 4(b) &y Sample A 4 In(n)—1 000/T 5

Al LAE B AR PIROR [R] AR, IR /N T
140 K I}, Sample A % 25 i 1 Vi B2 B il B2 A 248 1
B, 38 2 Arrhenius & AHUA 15 B 200 TGS RELY
3 meV , M L 5 R BB B B AH DG T4 i
KT 140 K, IR 2800078 7~ ¥ B2 B Ut 22 A7 3850 B A Y
HER T A A5 BE BEZ9 0 33 meV, BEU] LI
5B AR S TP IR BE BRI A OC . Benyahia
D AEWFSEN G PR SR T R B T R AL L KA
HRBE T RE B InAs AR P RO BESBR G 2, T
InAs/GaSh J# df A% 4 BHRE T U /Y e 454, JBUAS 7E
InAs AR} 87 BE 9 B e 7088 ks b % A2 S TR BE
GERBAE . R Be X M RS MR TR AT
B TR R AR AR S IS T B (Sample B) ,
T AMEB LN, I Hl 5153 T 5 Sample
AR TR TR RRAE R . Bl B0 W ik — A0 4R
19, A Al B LRI S 95 KL 230 KN 2 A 28
(Sample C.Sample D) , 7ER A8 B (T, ) LA M BHR
P Hh 52 2% 5T (Be) HE B P R 1 P A5 HL ARAE
I LA A3 232 FEROERELY R 3 meV . IMTFEREAE R
JE(T, ) LA B 2678y N AL G H UL 505 RE 29
33 meV, [AIFEAFATE S InAs A AU TR RE S B o

{EASE B A &, Sample C Fll Sample D 1Y 2 T
W BETERE A s NI R A T 978 TR R, 3
TV FE N B IR R AR, 2R - s
[FIVE R, BRI B R REGR R A

- nb’

B e(};) +nb)? > ()
Hrp b A T 52 TR, e Nl fiT R, TE
GRAZ 5 BT TR A S L X, 25 0 ORI -5 L TR
FRIE , p—nb® T 0, 75 200 7~ MR B2 7 5% 722 s BERY
TE 7wt B 3T 1) 380 0 Vi B2 O AN 55 T LS R 1
WS TR

S L S AR AR T DL i 2 oK RE R E AR T BB
G E R AL EOR RS . 2 OOR BB Sl i
2 E I8 A R N A i M 1Y SR oK BB
Pl 02k £ SR B PRI fLPE . oK AR
PABXTF BB E T LLFRoR R

H

E. - E, =—k,T - arsinh( N ) , (2)
2 - n,

Horb by NIBEIR 258 W BN B AU E  n AHE
BT U RE . 7E ALAsSh H Sh A% i id 7 78 1 e 4% Bk
N FIRBEHBRIA N, A () S Ky
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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(7)-1000/7 relationship of Sample A
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1 | m, - kT 2
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Table 3 Fermi level calculation parameters

HHRZHL 2R 18
E,(0) 0 K i g7ty it 0.254 eV
m,’ EVICEE iy 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 ORI T B S &k -
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 my, m, N F H H UL, X e 45
R SCHR P G 1Y InAs/GaSh 112 ks
35 . MRS Klein B 48 AN BYAF A AL, ARG 14
) 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) 4 30 1 M B2 7 ey il XA TR IR BE L BRI
WAEAR L N, ~4x10" em ™ fE B BAE . i@ B3
AR RE ST 5N AE, =3 meV , AE,=33 meV,
AE =3 meV,Sample A~Sample D fJ$5 244 5 7] 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
5 5, oAt Sample C £ 104 K ZiA7 A A G 1 28 7
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
TR, T UE R4 PRIB IR, SRR A
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

Temperature-dependent variation of the Fermi level
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HL 5 2% SBT3 A0 [ 52 380 At B3 AL A 52 0, A
T3[R T 200 1 s Rt . AHILZ T 5 Be
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BYSZ I, IR /N T4 B T, I 2 S, HLAT
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JBERY b T, 5 g il DX R B 2 U B ROCR B
TR AR bR B AR AL bR . [RlFE L, Sample C 1 Sam-
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Fig. 6 Temperature-dependent carrier mobility results of

AlAsSD superlattice
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