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FEEE T IV-VIG AL & W2 2 R AR 2 A 2R 1 M
HrJi H Pl Koike 45 19 £ 2003 43 i1 MBE 4}
FE A K S B AE [100] U Y GaAs fE 1 L
CdTe }Z& 2 1) PbTe/CdTe S 5 25 B M55,
R S — Rl A 25 R G C I S g b, B
MEER A mE B, Hoh PbTe J& T &AL A AL T4,
i CdTe J& T INEED A, PRNEORAN R Y fi A 45
FPRAIE T S A S T8 B, DA R T RA A A
RS RY STAE . A R S, [100] H ) Y
CdTe/PbTe/CdTe i i iR K JE W& T #% 7E CdTe
SR PbTe &5, % TRt T B
PN, XA GIE T A
X T2 2R 110 S5 O S T 25 ) N P PR R AT T R
1 B 10 RSB0 B 5, 45 R R B R R U2
(110), (100), (111) =7 S 2 Bl 4 = BE X FR (14 22
75 /NI, HAEAL S CdTe R e 4 14,

ARG AR 2 AL R T I S A 5 TAE
A& T RATHATN VLA Y2 TR 5 54 1 it
A7 5 40 B0 A W BFSE . AN 9 BIF 5T AR B T
[100] B ) A4 IS B AMEAE K PbTe/CdTe (K 5,
4% PbTe/CdTe Hiig +BFFI Nk T CdTe HLJiE
() PbTe f ¥ . fEAAM B} PbTe Hr, F A BRAL
FAEMWX LA, B LA UARES 2SN, A
&, FUA [111) BUm 59 PhTe {4545+ HA 9\ 15 g
4, HAR BRI BT AT B 9\ ) B A58 4o Ak b 8
g E) 0050 PR, HET [111) BUA A PbTe R 4E45
FRPLE, FATT4R T A [111] B CdTe/PbTe
SR EE . Of B, B TSNS F9 1% PbTe 1
(111] J i) L TR T 2 R S5 1, 7T DR B 4 5 A 1)
CdTe 78 [111] Jy 1) b & 1o B) BE R SE A8 A2 B 19, X
55 [100] HIn] A9 5 BT 45 BOR AN IR] . A S 3= [m] ot 1
AR IRATTAE & 8 CdTe/PbTe(111) 5545 )
T B 7 4, FRATT3E A MBE SMERTS T
B CdTe/PbTe(111) 554k, I Hilid X 5
G HLFRETY (X-ray photoelectron spectroscopy,
XPS) WFFE T % 5 T2 AU (s B o 19, AT Tik
7E CdTe/PbTe(111) 5 Bi4h FWL S 3] T 1 & 19
PbTe IG5, T 5 50 25 1) S AN 72 Hh i 3]
T RAEVEH . [FIF, 7F CdTe/PbTe(111) 554,
S EARBL T R TR EE | E LTI 2DEG,
T ¥ %% 2DEG WIE ML, FRATEE &5 — 1
PR R 5 B4R T CdTe/PbTe(111) 5
AT PO AR (18091 E— 2P A o8 B, AT b vk

1) 2DEG REE AT %057t A T R S A% 4R sl i i Ak
RN, T B PR IR BB i BE AR KA, S s
TR TE PhTe AH O 14 A o, GUBA AR 4 1) 1
FHHT S RO SO R 2, IR E R,
CdTe/PbTe(111) F1H ) 2DEG BA K7 v HL ¥
RGMERT, EA AT BE UM SRR P, F TR
TN, FATAT LA R a4 A Va8 T
1) 2DEG HL 7RI, X HHIEET CdTe/PbTe(111)
S BT 1Y R L AR RS R K (high electron
mobility transistor, HEMT) B&xE T JEfith 2. i1,
FATHFH T HTF CdTe/PbTe(111) 5 i % 2DEG
(4 1o B LL A F BRI 2. DL X Be S5 IR R B
CdTe/PbTe(111) R4 MACERMIV-VITEIL &
2 R B HA AR B BT, BT LU R
FHATPIT-, EHEA TR TR

2 CdTe/PbTe(111) 4 R 8 5% i &

2.1 CdTe/PbTe(111) RRE M EKFNL
FRAE

BT A ER MY MBE R8¢, A0
PLAE K i A CdTe/PbTe(111) BE k. & SeqE
i i PR BaFo(111) %€ EAME—JZ 1 pm J5&
f PbTe #ifiE, #4 fEH B —)2 100 nm JE )
CdTe W, Hrfr PbTe il CdTe #RIA £ A1
WO B AERE S AR R, T8 I L S S R fE
HLFATET (reflection high-energy electron diffraction,
RHEED) #£47 2 . B 52 848 19 RHEED it
B2 BUR I ARAUAE BaFy(111) 45 1 /M E ) 8
it PbTe KR, 1 HJS2E(E PbTe WK M
GRS K CdTe B w3 R WARH T2, ail#l 1(a)
M 1(b) Frzw, WHIFATAFH) CdTe/PbTe(111)
A I SRR 3 A% 1. CdTe/PhTe(111) 5
J 48 LT Y 1 53 PR AR 2285 IE R4 A S T R
%% (aberration-corrected scanning transmission
electron microscope, AC-STEM) K437 it o i 7
1 G TR B4 T AT RIS SR A Y B, %
B AT AR A Y S B 2 HLAT S8 6 ST, A 1(c)
Jii7n. CdTe/PbTe(111) Tl 4S5 A &K, fRK
FEBE B T IX PIARLRL SRS BRI, 0 K
35K 0.6422 nm Fl 0.6647 nm, FHHEKECR/NT
196119, X THAFREFFRY A 047 5. BR T BaF,
FHE, BATILE 2 1E Cd, _, Zn,Te #HE LK
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Bl 1 (a) 4 KA1 BaF,(111) % Ji§ b A9 PbTe 3 5 2 1 #Y
RHEED 77 5} & #% ; (b) 75 PbTe W i ¢ T 4k 22 4= K 1Y
CdTe SMEJZ ) RHEED IR, & bR i) 77 16 24 L 4
NG5 )5 (¢) CdTe/PbTe 5 J5i 45 5t ¥ AH 22 87 1E 49 16
B4 T R R, I B e 1 T B S A DT A
TR E & CdTe/PbTe 5 545 1A% 32 S FiL 45 Pl 4 1921
Fig. 1. The RHEED patterns of (a) PbTe film grown on
BaF,(111) substrate and (b) CdTe capping layer grown on
the PbTe film surface; (c) aberration-corrected scanning
transmission electron microscope (AC-STEM) image of the
CdTe/PbTe heterojunction, showing the arrangement of

atoms near the interface. The inset below is the low-magni-

fication TEM image of the heterojunction!!?2,

2.2 CdTe/PbTe(111) R/RE&HEE R EH
FE—MRIBHR

J9 Y H i CdTe/PbTe(111) 5 5 45 1Y 5 1 45
Hy, AT B AP I TE R 5 R i B bR
FSKIL T 7E PbTe(111) FAMEA K CdTe B9
P RR 1O ZERR W], FERJZAMEA K TSP
B — Pl B A Y S TE 25 A8, AR RE )2 23 A X IS
[111] BhE%e 180°, FRATARZ M EE FHIm. X MR
) 2 ST A0 T B 25 T B T B3 7 AR AN ] A Fe
T4, DI SR — e 25 () SR 2.

WA 2(a) FizR, @B JIE R AR T CdTe
SR PbTe & 7 KB LA CdTe/PbTe(111)
S L, PbTe MY fH RIS CdTe HYAH N & 2 AH .
SEATRY. DA R AbnR B (100) &b A,
ATLVE Y, PIE-PAT, UL Z SR Z [R5 AT

gl fH&, 24 CdTe 7£ PbTe(111) FmLIZ )24
KA Kt 0L PbTe &7 A ARH. 347
TESS — 1k IR SR A A A vl 2 7E PbTe(111)
TR IR Cd Fl Te J5 5% A K oo FE R 1745
P, 25 RFLIATCIE PbTe £ & Pb R F& RIS &
Te J& %1k, FH S LIE A 2(b) AR
FUTE . BT VS G S, & 48 AN E Y CdTe 23 L
[111) 77 19 A e sl — A A B, i {4 CdTe il
PbTe WYAHN i EAN-F-FAT, 0& 2(b) Hr gL
P PRI (100) fb I SEASFR-TAT, R AEE—
JE I (2arccosy/2/3 ). X — SARE 5 B, TP 1R
4K CdTe B, WIS PbTe J2& Pb R & k1) # 0,
M2 LSy e —)2 Te 5T, XERN
Pb fl Cd Joik HEIE b8, Te R F7E 5 L
5 Pb I I8 W& T B2k 1 A Al ik 45
¥4, T PbTe(111) [ HIRIFEAHSE, BT AR AL
B Pb Z b A5 T— > Te &1k . A5 Cd i
T25 Te J7T 2 VAINBED ShIRSS FI AT i,
I TG 8 & 7E Pb 2 Ik T 38 J& Te Z¢ 1k 18 - A 4E
CdTe, A5 RN iZJe L2200 . ML T & 2(a)
T AL S5, HHA S5 R AT LU AT R b O A
Ib CdTe INEER™FI PbTe 5 AL AN Y % 45 0 LA K
TRRRHF BEHEERY. 4N, 6] 2(a) 1, PbTe(CdTe)
1 AN AR TR (S8 ) HESRT B, T AE S 1 Ab
MY SIIE) MIARIR A AHIE], $ f Cd—Te $#
1 Pb—Te gL R Bl k. 7211 2(b) ML 454
TN FEALR SR T HEIE (S8 ) FERA R I
AR, AR AR S S5 e ™ E . X — 8 -
RILUE H, S5 F e SNE L R v B AR 4544 T
BN BATETEF T X WIFP A 145 44 1) G B
FIRZERE, 25 R R, LSS AH THIFL 2548
FERE AL e B A0S . XU R KB R Y T
CdTe FEIK ) PbTe 1w (B % B i 45 44 2 B
AR SE e PR A A A, 1T CdTe/PbTe(111) 5 5t
G5 U 5 S5 R 2 AT A A R R B AR
. SCBR L, 7€ MBE 80 4 J& A ML {2 <A DL
1 (metal organic chemical vapor deposition,
MOCVD) 53R A A K Fi v, AR AH 2 280 1
WAL RN A, LInfE GaAs FAMEA: KA GalnP 14
FZ g RN [ & 23 FeA T ik BSR4 2
) 3 L 2 5 4 8 8 4 375 S L A5 T 2 T IR 52,
& 1(c) H AC-STEM & HJ 7 it 1 B 30 it HiE
AT LA FATRIBALL S5 2R W) &, PbTe Fl CdTe(100)
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Al
0,014 -

B 2 (a) Wit T CdTe £ 1Y PhTe £ F Sk & ) CdTe/PbTe(111) IEHLHE FL 454y, T 25 P12 SR & W 2 AT 1Y, i (8
RELRARRN M (100) f T ; (b) i i 7E PbTe(111) F M AME CdTe 15 2 BYFLHE S0 45+, 15 75 W )2 F AR89 (100) & A — Ak A,
HOBELITR; (c) Cd JEF R IR TE PbTe FIAIE K I B R ZIE, 22 BN, A7 & AR A 5 (d) CdTe/PbTe(111)

W0 TR A, MR AR K T, SR AR S e

Fig. 2. The CdTe/PbTe(111) interface structure of (a) PbTe quantum dots embedded in CdTe and (b) CdTe layer capping on the
PbTe(111) surface, it should be noted that the former is non-twisted and the latter is twisted, which is indicated by the relative po-

sition of the (100) plane of CdTe and PbTe as marked by the white dashed line; (c¢) the resconstruction of the first Cd layer on the

PbTe(111) surface, the left panel is top-view and the right panel is side-view; (d) the electron density distributions at the twisted

CdTe/PbTe(111) interface, the ionic-like and covalent-like bonds are indicated by the dashed and solid lines respectively!!?].

AT 1) J& F IE 45/ 70.6°(2arccos/2/3 ). [AIET, FRATT
W% R B T HLEE LR A e, JB k [111] B
il ) CdTe/PbTe/CdTe T Bk & o 31522 7
IR PbTe &1 1 HY.

TEEL S b, i TR A RN B 4544
M H3ES, 23R TSR, WE 2(c) FivR, 24 CdTe
A K 7E PbTe(111) M L, Al — 5T 2 A [F )
o] TCAE Y PUAN S oy, A — SR At = S
TN m . 55 —2 Cd s+ m i A
0.01 A, JINEFZIE, MEZHTEAR, X UL 7EH
FHUE FIERLT 2 x 2 Y. XAV E ISR AL
PR R RN BET S5 R 7E S E A A 5w 4 45 . AE
Kl 2(c) H, X4 CdTe £ PbTe(111) 2 i 4 K B,
3/4 1 o B Cd JEF (B ) B8k bros) [m
R KK S PbTe 1 Te £ 1k i _E /Y Te JETE
HCAALENZE R, Wi T 1/4 B9 BALE R Cd i T
55 Te T URSL AR FFIN B 2548 . 76 PbTe (Kb K
H1, Pb JEFFl Te Ji I iU 5 1M7E CdTe {4
MR, Cd TR Te JEF IR LA 4. AH L
K41 KL PbTe fll CdTe, fE CdTe/PbTe 5t kb
(14 B SEEAN B TRT St FH 25 PRl Sh M Mokeatig,

Sy FLIE AL H Pb—Te F1 Cd—Te SEH 858 71k
B, [ 2(d) 45 T A B B4 S T R Y
HLF% 8, W LUE ), ARG A Cd R 2 )
EREEINY Cd BT (o f0E) TR Cd—Te #HH:
fh Cd JRFHAE 2R BT, XOlR: T Akt
FALERZE A RN L5 R R 58 4, XD 3 4 3501
LR S WAE ] 1(b) o RHEED EIRE G By
L.

2.3 CdTe/PbTe(111) R/R&Z 1 2DEG

FATIFFE T L% CdTe/PbTe(111) 5 JF 45
AL AR, IR S ALY B T i R B | il
AN 2DEG, Hal Bl IR EETE 2 K 1535
A7 20200 cm?/(V-s) fil 4.5 x 10" em3; 7 77 K
s} 435047 6700 cm?/(V-s) F1 9.0 x 10" cm 3, X4
TR RBE L 7 5 T CdTe (R RMIRIR T A £
(Fx KA 2000 ecm?/(V-s))24, Fe {1058, —LEIV-
VUG R AR ES F R AT E 1Y, SRl AU AR
%W A (pseudo-Jahn-Teller, PJT) F1 il 29,
i 3 J5 T X 4 A bR B4 B (pair distribution
function, PDF), AfTW%¢5] PbTe 76 % I T A2
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TR 1 SN AR AL, RS 1 R 2 B
ST A 30 A S A N A A X R P X
HHE AT A 2L F 2l il 1 P k&9 29, 1%
PbTiOy, H PR B AT IS HL X 3 1 P> &
F. XTRE PbTe HEIMZE I LR T &
AT E . CdTe FRM R JR 1) 2 2% i, B
A IR B (29 1.6 eV) Fl sp® 2L i iY
INERRT 2548 RT28 [RERT S5 R AE [111) J7 ) EAFAE
A5, RO P S0 AE S Y. XA R
W R AL M E R HZ —. N TR
CdTe/PbTe(111) 5 B4l i il B 8 — 4 1<
(O SRR R HLEE 45 F Y L AR I, FRATA T T
R BT, 450K, /£ PbTe(111) KIf

7 N N N

3

DOS/states-eV~1.cell~! DOS/states-eV~1l.cell~!

DOS/states-eV~1.cell~!

0.6L

0

S id

A KA CdTe 9K E AR S A H IR B, 558
B ML 25 R — 2

AT T AT T bR, S5 5 BR R
ALEMRFTRE PbTe FPAHAERY (111) ShIAEIEE (1.87 A)
FE S TERE AR AT SR AR AR ], FRATIFRIX RS54 A5 4k R
“RMFB RO . K 3(a) 45T ALTH AL PbTe i
TE V) B2, 7 T b R 7 3 o J2 [ 98 B2 i [T e, 3%
T 45 SR BoR CdTe 78 5L ifi Ak (1) 45 F4 i AR 7R
WU, K2 AR T2 G 8K E R bR 254 . Gl
15 PbTe MBS HESR B, AT LAY
- A JIRL g o 22 1) 68 Bk g AL . Gl 3(d)
& 3(e) Frar, 5B PbTe X I #&SAHL, 18
CdTe/PbTe(111) F AL H)— K4 Pb 6s &M

(d)

0.2

Pb 6s

0
—-0.4-0.2 0 0.2 04

Pb 6p

ST

0.3]

[ ()
| \/
—0.2 0 0.204

Te 5p

—-10 -8 —6 —4 -2

0 2 4
Energy/eV

6

(a) 417 F 1 BT A9 PbTe(111) & i Al BE, 21 (BRI Te, R BRI R Ph, MR A BERIC K Cd; (b) B F il 30 MR 25k

B PbTe 7 i HL T B R PR 48 ; () 5L 10 B 3T B9 PbTe 7R A B TR IR BR 48, (d) Pb 6s 25, (e) Pb 6p 231 (f) Te 5p A HIHLIE 4> PEAS %
B, W (2R Q3 PhTe ik bHRE, AL RL G R MR A IR FHHERA CdTe/PbTe(111) 5 ML HY PbTe 219
Fig. 3. (a) The inter planar spacings of the PbTe(111) layers at the twisted interface; the electron localized function of PbTe (b) 30

atomic layers away from the interface and (c) at the interface; the orbital-resolved density of states of the (d) Pb 6s states, (e) 6p
states, and (f) the Te 5p states for bulk PbTe (blue lines), and the PbTe layers at the twisted interface before (black lines) and

after (red lines) relaxation!'s.
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AR AN S RS B T A TR, i TIRL R 2y
8 eV ALHY s B85, X5 GeTe B# GeS 7i NaCl
AT B AR BEARAR L PO XA —2k, Pb Y s Fil
p PUB sy, i R EEE LIS T
Hih. FrA, fE 54 PbTe M &AL ENEE 1 2154
FasE, HWatse Pb s? P06 HL 1 S AR AT S SR A
B PO SaA& T [111] J7 [l AH B 25 BT
JEoR BRI E . FEEL 3(d)—(f) H, FRATHEL AL m
TR R A B R, FTLUE LGN T
i g BR85S T Pb Al Te JR¥ p #E AOAH EAE
M, g T P s Ml p BUB RIS, XFIECR
o Pt A T A T P S AT T e . AN 1A 3(b)
L AR R A FRAR DX 7R, X PhTe HL a8 b5
BT RN, 7 & S 7, PbTe #£E 1K
BEEE, 82 906 FL -1 BE R e Po &5+ S [l L 2
B KEBA 9 5 P54 Te p FLIE AR FE Te FHES
A FE AR BKOE . (H2, 7550 BT i )
SR EANARAAR R, W& 3(c) s, s? P L 2R
37 Po B T894 BT 3k 0 B 7R A T R
PbTe MELENZEFIITHE Ph 2 I HL XS 9.

FATA van de Walle A1 MartinB% 2 {59 5
P T CdTe/PbTe(111) B — FLiH 4 [y, 1
Hh i T 2D PR B E R T 2 e B By
BR. R, F AT S XPS il CdTe/PbTe(111)
HLEL R A H B (valence band offset, VBO),
It HAIH PbTe Al CdTe WA BREUHE, T35
WP (conduction band offset, CBO)M. 1EUNFE 1
R, THEASREIE VBO L it XPS U515
B A EE R /D, X2y XPS HAED &7 PbTe
(111) FHAERKAR R CdTe FriE sl 5 B2 5 i
AT B, XA D0 H AR P TS AR HL 70 S
SRR 2 AT . i, Teie eI A
FlE S AR 2 B AL T VBO AR CBO 2k
WIAR/IN.

ARAERY CdTe FH#H 2 HA B B Y 2 4

# 1 CdTe/PbTe(111) FtIHT B iy #IE T H AN
SR A

Table 1. The VBO and CBO values of CdTe/PbTe
(111) interface obtained by theoretical calculations

and XPS measurements.

LV e g A S £ (16)
VBO/eV 0.030 0.135
CBO/eV 1.380 1.145

AR ORI, Bt CdTe/PbTe 1 al LA7E i o
5 AR 5 1) H 37 AT ACAE CdTe A HL TR (444
AL PbTe 15 ISTE DU A 319 L 55, #E CdTe/
PbTe S4har, Wy [111] J5 1) 59 ) A v e mian i
RVUAS LS R FEAE AT, K 4(a) 451 T 1HEAS
F|F) CdTe/PbTe(111) F B2 T [111] FY REHF 45
M, BRRERA N E S, [111) IR L S5 3 T
T EHIX (BZ) BT AL 5 =AY LA (bRidh
LY PSR T s, i 4(b) iR, CdTe H itk
T2 (APCITe) i CdTe B S 1 T H 555K
BB LT . FEE 4(a) H, Ml FIR e 4 i i o
S FH A €0 FD 2 o 1Y) 05 2RI S 2T SRR Ll
L/ BT B S LT A5 A CdTe Mral vl BT A 3
TS B 37 JE CdTe ¥4 difls BARRE . & 4(a)
S5 T PR R T T LR MR H A T
W bR BT 77, A5 M PbTe 1cl fil cL'45 £
W) o 80 ¢ BLUINM CdTe 2¢0BE1 b 7. PbTe
FIH TS a F ¢ JLF-4 38 Ja 3 4 0 55 o A 4 29
i, UL TR AR &R . SR, CdTe 19 b 2
KA 437 T 5 1 B AN 2 R S, 3 1 B
CdTe ST A M —E W HA &R, wryh -+
Wi TR AL Cd A Ph o B T AL i Rl
By, FLEAL Cd M Pb Y s, p &% /R T 4(c),
ATE RS0 LA HFFRER A CdTe HAE T #HY
Cd 4p, 5s &1 PbTe #1421 Pb 6p &. Kl 4(c)
S g A R R e B, AT LA #] CdTe B
WHIREFES 518 4(c) BIIEBRBUN 45, TR
B A 7R A MERR R B B OB T
2DEG.

Xof AS ] JEEJE f) CdTe/PbTe i 47 2 /K
R, HMY PhTe MG N p RIS H, 78 PbTe
FTE 1) CdTe I3 2 B L BEAR K AY2F
Ak, AEZN B0 CdTe wWiAs i 1 Hi FHAR
/NG n RL SRR R RIS R R iR B B
& CdTe BRIV IMER ETF, CdTe JEREH 350 nm
I, 2R T E R 1.27 x 10" cm 3, 24 CdTe Wi/
| 30 nm B}, 2RI FIURBEERG A 9 x 101 cm 3,
Kl 5(a) B, SRR RN B s L RE LS A R
SERTHL IR, X B AR 1 B A S A A iR
FH TR, CdTe (B BHER R 77 K TR
It 2000 cm?/(V-s), 1 H B FHE HAT 1.0 x
10" cm 3. FRATHY LS HEAFE 30 nm JE (¥ CdTe
o 7T K IR R AR AT IAZY 6700 cm?/(Vs),
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Fig. 4. (a) The band structure of the nanoscale CdTe film on the PbTe (111) surface; (b) the plane-averaged wave function squares
of the a, b, ¢, and vI states labeled in (a), the inset is the 2D BZ; (c) the DOS of the Cd and Pb valence s and p states at the inter-
face of the CdTe/PbTe (111); (d) the plane-averaged ESP for the interface A formed with a 6.7 nm CdTe film on the PbTe (111)

substratel'sl.

1B TR RA 300400 cm?/(V-s), B FHE LT
A RS HARAE A F IR A CdTe iE£5% (1000
cm?/(V-s)) BEAK, {H APy B R i 4 DR, F
S 96 v D 81 14 e R L R TR T 5 0 R
SRR SRR 4 nm, 15319 —4E T
SR ELA R 3.6 x 10" cm 2.

FEESAEHR, PbTe HAETE p AU StiB 24
(B TWEZ 5 x 107 cm®), 1fif CdTe FAFFE
n B B4R (B THREL 5 x 10'9 cm®).
& PbTe A BHE A AR KA B8 £K (eP0Te = 414),
H PN 2538 T A1, PhTe- M (44 1 % % JLF A 25
iy, AR 2 B vz PR B T RS IR, AT 2
T T AR FNAMA T R, A 0 FVA A TR T S
T T SRR RN H TR BE oA . A TE TR, R
TR A I P AT A5 FE R 3.6 % 10% em 2,
TATEITISE BT AT 521824, PbTe WL KM
A FLH HICRR AN ] RE A F - BRI AE S T RO Y

PbTe #4524 (FZ2FRATHEIS T3 45 1 B R Ry
EAFAE—F 5y H BT, QA 4(b) FiR, X R
FE AR AR B 4028 T PbTe AU/ B3
%0, f T PbTe(111) K8 4% 2 v 1 (8] BE oy 58 75 46
1], X5 CdTe(111) FHEZEAAEF AL, BT LATRAT]
fi 1% PbTe #4 4% 2 (19 A i1 # %5 CdTe A [
(ef9Te = 10.2). &l 5(a) HAYIEE S A ¥ TR 2
) CdTe/PbTe 7 1 2546 Fl T % FE 40 A1, ‘EAR
TR T 45 5 25 X — 4k i TS AT AR 2 Y
BT, B F 0 A 5 50— PR B R 0 25 SR A — 2
FETE A B KA YR EE R 5.9 x 10" em 2 W] LI
1| I a1 o VA 1 e IS B B el i S RS )
H— B S S ECE M . X TR R — S
1, PbTe fl CdTe FI##E NN TCIRIE R, WA K
PES TS R A IR, X CdTe 99K
L CdTe/PbTe(111) 5 i 2% FL i, # 1k A
25 (A9CTe) Gl T BT, 145 CdTe fEik A
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Fig. 5. (a) The electron concentrations in the CdTe/
PbTe(111) heterojunction with different CdTe capping
thickness measured at 300 K, the inset shows the band pro-
file and the electron density of the CdTe/PbTe heterojunc-
tion calculated by a Shchrodinger-Poissin solver; (b) the
electron concentrations and mobilities in the CdTe/PbTe

heterojunction at different temperatures!'®.

T 1A N, X5 CdTe A T n Al
SHUBEL

T A@CITe RE CdTe JEREE Legr, P AE 1M
MO, BT TS AE CdTe KIREYEEERA Logr,
AR, A B R T AT 2B RIS 1
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454, AIN/GaN S RIFE A SR (77 K
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=%
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2DEG 7RISR B4 T 2 B AR H 15 i i IR
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Fig. 6. Magneto-resistance R, and Hall resistance R,, in
CdTe/PbTe(111) heterojunction. Quantum oscillations are
observed at high magnetic fields. Plateau-like features are
observed in R,, at high B fields, where R,, displays a strong
minimum. Inset: dR,,/dB versus Bcosf at three selected

tilting angles of the magnetic field?!.
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Fig. 7. (a) AR,, (obtained after subtracting a smooth back-
ground from R,,) as a function of magnetic field, the ar-
rows mark the Landau level fillings; (b) Landau level fan
diagram, the line is a linear fit to the data points, the inter-
cept at 1/B =0 is —0.34, close to —0.5; (c) the zoomed re-
gion close to 1/B = 0 for sample A (SA), data from sample
B (SB) are also included, in both samples, the intercept at
1/B = 0 is close to —0.5121.

SR RR AT LIS 3 2DEG B TH S AN 1.1 x
1012 cm 2 e MAMER] 1/B = 0 B, B 8-0.34.
TR, (KRGS T RSO AR L F T B 1.2 %
10" em 2, X EHE KT i F 9 9 15 2 09 L %
JE n~1.1 x 10'2 cm 2. —FZ 255K TE PbTe/
CdTe 5 25 # 5 h R AEAE Sl 2DEG A&
BH IR T, X AR TR AT RER F T CdTe
JZ. XA T AR, 5 R T ) I
PRSI MR W) & . B/RMBE R, TERG A 1 T 2
Zo A B R AR RE R E , e B4 = Yk TR
. A Ttk iR R IR T 2DEG, #AT]
5T ARG S BE . 1K) 6 1) PN A PR S 3k o 110
JIABAHAE T dR,,/dB 5 B x cosf IR,
Pl RT LAY A b 7 B 4R R IME SR 7 5
Wi 75 R 3 LAy A AR AL, PITIER T 57
P KT CdTe/PbTe(111) FiiHAL ) 2DEG.

K 7(b) FIE 7(c) RRYLIEIATSN 1/B =
0 ALABIRAR 4K - 0.5, iX5RW] CdTe/PbTe(111)
AL 2DEG 9 0 ARG =, Bl 2DEG Sh 2k
Frvi i T RGPl (H R, ARAER PbTe & #i
YA, B AR BRI AP v S oK B PR, A2
Z0E S MH AR BRI R L 2R (topological
crystalline insulator, TCT), SZ X Fh FMAHAZ (1
T2 — | AR ) B9 Gl , D4 Tl
1 B2% Tepy, ALELETE PbTe H5 | Atk N H
W H AR B TOT YRS BT 55 41, A 5 B R AR 1)
InN TP, =S5 S kb v 7
FG0 B8, ke TAER] LIRS Bh IR 13 f# CdTe/PbTe
(111) 5 JFi%h 2DEG H 2k P va v FPE . B 5,
FHHIBT Y PbTe /NP2 7™ A 1) 45 i 11 ] BE 2544
el 1) 2 A AL T e T AR 9 PbTe(111) T[] 5 384 4,
Al RES AR NI R AR, IS & B Bl
SCPRHRFMEAS . YK, PbTe #l CdTe(111) T4 K
PP T, 3XAS T kG b 25 5 | R P S T A 4
Y, X Fhi#453% 5 PbTe Tk i B HEHUEF A AHSS
4, BB 2DEG Mk hi s ok RGeHAS. TR
E 7 DA R MER P, FRATEF 5 60 T B9k
SREGS MY IR S, v L B A I
400 1 iR, AT S v i e 1 E RE
G LR MEAL G AR EE BV A o DL FRAR . A
Kl 8(c) B, KRG TE 1/B = 0 &b iy
-0.52 + 0.07, EH#fPI LR CdTe/PbTe 7 it 2
2DGE (1 DU K m, BT DAIZAAR R — P
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Fig. 8. (a) R,, measured at ~ 1.5 K, quantum oscillations
are clearly seen; (b) after subtracting background, the oscil-
lating part AR,, is presented with the Landau filling factors
marked by the red triangles; (¢) Landau fan diagram linear
fitting demonstrates that the intercept at 1/B = 0 is —0.52
+ 0.07%,
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—HRAREEH, BT T A AR MOSFET
f Lt A R g T LA AR R A AR,
SEHOG P PR AR TR (B2l 2
FE BRI, B ARX R T EERE AR, B A
(1) Twasa 55 9 & J& T B T80 FL U2 17 3L
EFRON A (EDL-FET) $5AK, W] LI7EFEIR-#
PR TE B — A B R 9K e g i BT R
FERTHLZE AR, W AN A EE R AR T LRI
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AN R T 1Y) BTE BB Ze MDA RER AN R] B9,
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Fig. 9. The output characteristic (a) and (b) transfer characteristic of the EDL-FET based on CdTe/PbTe(111) heterojunction; (c)
the schematic diagram of the EDL-FET structure; (d) temperature dependence of sheet resistance Rg at selected gate voltages®?.
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Fig. 10. Gate-tunable SdH oscillation in 2DEG: (a) Magnetoresistance measured under perpendicular magnetic field at 2 K with
various gate voltages; (b) SAH oscillations versus 1/B after subtracting the background, showing systematic changes to the oscilla-
tion amplitude and period with gate voltage; (c) a Landau fan diagram for SdH oscillation at different gate voltages®?.
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Fig. 11. (a) Raman shifts for an epitaxial PbTe reference
sample, multiple optical phonon modes dominate the spec-
tral profile; (b) raman shifts for a CdTe/PbTe(111) HJ
with 30 nm CdTe capping layer (green line), the inset is a
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Fig. 12. (a) Comparison of three typical MIR PL spectra measured at room temperature for a CdTe/PbTe single heterojunction
(SH), a PbSrTe/PbTe SH, and a PbTe single layer; (b) MIR PL for CdTe/PbTe SHs with different CdTe growth temperature
Tcqre; (¢) integrated PL intensities derived from (b) and electron densities of the SHs measured by Hall effect versus Tggr,, the

square symbol represents PL intensity from a PbTe single layer; (d) schematic representation of CdTe/PbTe for plasmonic enhance-

ment of MIR emissionl!".
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Fig. 13. (a) Top-view and side-view of the CdTe/PbTe heterojunction photodetector; (b) the photoresponse spectra of the photode-

tector under different bias voltages at room temperature; (c) implusephotoresponses under laser of different wavelengths; (d) time-

resolved photoresponse.
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Abstract

Semiconductor heterojunctions play a crucial role in exploring novel physics and developing advanced
devices. Due to the characteristic electronic band structure, such as the narrow bandgap and the large spin-
orbital interaction, the IV-VI compound semiconductor heterojunctions are not only of great importance to
infrared detectors, but also arouse extensively concern in the frontier fields of physics, like topological insulators
(TIs) and spintronics. Most excitingly, the two-dimensional electron gas (2DGE) with high electron density and
high mobility is revealed at the interface of the typical IV-VI compound semiconductor CdTe/PbTe
heterojunction, the formation of which is attributed to the unique twisted interface of the IV-VI compound
semiconductor heterojunctions. Further researches demonstrate that the 2DEG system boasts prominent
infrared photoresponse and is of Dirac fermion nature. This review presents the major progress in IV-VI
compound semiconductor heterojunction 2DEG in the past decades. First, the formation mechanism of the
twisted heterojunction 2DEG is discussed based on both theoretical and experimental results. By molecular
beam epitaxy the novel lattice-mismatch heterostructure CdTe/PbTe with sharp interface was obtained and
first-principle calculations revealed that the alternately changed atomic layer spacing played a crucial role in the
formation of 2DEG. High resolution transmission electron microscope image of the interface clearly
demonstrated the twisted interfacial structure and showed that the interfacial Te-sharing bonding configuration
provided the excessive electrons. Second, we show the transport properties of the 2DEG under the condition of
low temperature and high magnetic field, and the unambiguous n Berry phase of quantum oscillations indicate
that the 2DEG is of Dirac fermion nature and demonstrate its potential for realizing two-dimensional TT and
spintronic device. Moreover, the 2DEG exhibits quite high mobility, making it candidate for high electron
mobility transistor. At last, the high-performance mid-infrared photodetector is displayed, which is built based
on the typical IV-VI compound semiconductor CdTe/PbTe heterojunction. The most exciting feature of the
detector is that it is able to achieve high-speed response with satisfying detectivity while working at room
temperature, which could be a complementation to state-of-art mid-infrared photodetectors. In summary, the
IV-VI compound semiconductor heterojunctions are of great significance not only in fundamental physics but

also in device applications, and this review could provide the researchers with the main results in the field.

Keywords: IV-VI compound semiconductor heterojunctions, two-dimensional electron gas, Dirac fermions,

infrared detectors
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