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Band shift of Pb, . Sr_ Te thin film and its band alignment
using synchrotron radiation photoelectron spectroscope
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Abstract: The valence band shift in Pb,  Sr Te thin films with different Sr compositions was studied.
The ratio of conduction band offset and valence band offset in this heterostructure has been determined.
Without considering the strain effect, the conduction band offset ratio is Q. = AE./AE, =0.71, and
with considering the strain effect, the energy band of PbTe is degenerated into longitudinal and oblique
valleys. The conduction band offset ratio for longitudinal valley is Q% =0.47 and for oblique valley is
Q2 =0. 72, respectively. Pb,  Sr Te/PbTe heterostructure has a type | alignment at the interface,
which implies the confinement of both electrons and holes. The accurate determination of band align-
ment of Pb, Sr Te/PbTe heterostructure has great benefits in the research and development of mid-in-
frared opto-electronic devices.

Key words: synchrotron radiation photoelectron spectroscope, PbTe/Pb,  Sr,Te heterostructure, band
offset

PACS. 73.20. At, 79.60. -1, 73.40. Lq

I #5 H H#3.2015- 06- 12, f&[E] H #7.2015- 12- 31 Received date: 2015- 06- 12, revised date: 2015 - 12- 31

HEE&WMB  HE A RF#I4E (61275108, 11374259) ,#iVT4A HARB2A K45 (21110057 ,LY15F050009 ) , #iiT & 2 HE TR H (1201430784 ) ,
LIRS TT 22 g 2RI 42 (J-15011)

Foundation items : Supported by National Natural Science Foundation of China(61275108, 11374259) , Zhejiang Provincial Natural Science Foundation
of China (71110057, LY15F050009) , Foundation of Zhejiang Educational Committee ( Y201430784), Zhejiang University City College Scientific Re-
search Foundation (J-15011)

1EZ B A (Biography) : #5545, (1985-) , 55 WL Il 8, 2R S RGOR AR & 5 W R AE , DL ARG AR I 57 0 B1F 52
* 1@ #l4£& ( Corresponding author) ; E-mail ; caicf@ zucc. edu. cn



AR A5 AR R ATDE R T RETEHORBESE Ph,, Sr, Te WL

219

4| s > . 4| s 215
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Ell

T

IV - VIji& 2 S48 64 8 PhSe #l PhTe 25 H AT —
SERRR A PR PR, QNS B BB B ( ~ 0. 3eV) X
FRIGRE S5 , 45 7O I B IR R A 3%
DL R A F B0 i B R A R 2050
S R RO I SRR SN SN VA E R AP O TS
WHRMA ZR W58 L8R 1 AR T 53 S5k 11—
AN IR TAE GRAIRE) B IV-VI
G AR LT AN O GER B AT AR TR BR 2412 W 40U ]
AP, 78 PbSe PbTe 3 i #5 A /b Sr.Sn % 4 )&
JEF AT LUE B = I0 &R A 4, HARA 7 B AT LK A
s, IR A% B B 1R 48/, 55 PbSe (PbTe REJE W5
RIS R AE 4540 %28 = J0 R A R R
(1) FP 2T SNSRI #R 1 TAE K mT AT 35 4t
HMEEBE (3 ~30um) . PbSe/Pb, , Sr,Se. PbTe/Ph,
Sr,Te . PbTe/Pb,  Eu, Te % = JC £ & 4 # i i 2 7
BIF i s AR AR 48 R 2 IV - VIR 2 SO H 25 BF 5T
) BB RS M, F Y %2 S T 4 LT T
REAS S XT3 U 21 A M4 L A D) BEAIF 5T L ele stk 5
MEA T BB S50 D PR LR
T REAE T B (PR AL 2H AR 5 T Y BB N i SR )
ELHER 1% 28 5 T 45 2 R ) BR8N L R LT
AR A SE R S A CE SR, kg
G B L O, 44 R 1 TR B A TR I A T Rty
B BRPRG B DU i 5 R R S SO AR R SR Y
—AFEAEREC AT T %K =0 R A S
SR ES AR B £ R ADG AR R 25 A B T
7 245 5. Shen 25 A4 T Pb,, Sr,Se/PhSe £
TP A0S, R4 6 6 4 k - p FRAEILG
B E . M T145 2] PhSe/PbStSe & - B At 1] F: 4l
W A (0.82 £0.03) eV. Simma 25 A SR 4T
Hh2 4y B B 1S F R & T PbTe/Pb,, Sr,Te 5
Pb, Sr.Se/PbSe £ & - Bif f i 77 BRIT RE S, R
FLER IR G 6 4l k- p BEALILLG SEER HE 15 2
IR R F A — Lt 5 hRg S5 T4 Y
PbTe/Pb,_Sr Te #1 Ph,_ Sr Se/PbSe 57 i 4t F 1 Sa7
BT HER AN B (0.45 £0.05) eV F1(0.60 +0.10)
eV. X}F PbSe/Pb, Sr Se T Ji 45, Wi& 45 H W45
TETER RN 22 5. R FBRAE BEA SRR UL A5 62 5
SR, TR A 24280 A R T R
TR —LIHe. S E AT E S EES T E N
SRR Ty IR W I 22 , PRI 76 S50 1 5 RS 1

M5 PbSe/Pb,_ Sr Se.PbTe/Ph, Sr Te %7 Jii 45
T AEH T B 5 Sr B FR X TR A B =T
Zo PURROR B A b T
TEASC, 5 A T EAMER AR AE K T A
] Sr 23 Pb,_ Sr, Te # i, SR 5 F) FH 325 5 't 1 )
R G AT BRI B B S8 A R AP
FRECH T BERE I B AR Ul G S A BRSO,
IF5EA% Sr 20519 Pb,, Sr,Te A BEH £ 3 5 Sr
HorZ B, I Halid PbTe/Pb, _ Sr,Te o4k
THT A 2R TE S 320 B R I A2 A SR 28, g |
TR S B4 S I ) R iy [ A2 A LA

1 X5

PbTe Pb,  Sr, Te B R [ 2505531 S 41
FEYZ 4% (Solid source molecular beam epitaxy, MBE)
HMEAK. %57 F AAME 3 A8 T 5 = A AR HERE
= b EE K P E R EAJETEN 1.0
x 107 Pa, 4oJ JIE 7E 2 I 25 v 3G G BR SUAb H1 L sl 4
F TG YRR B FEAE K R T 4l
PbTe Ji, Te YA Sr J5 45 [ 2 T2 DL K& =0
RSB (SIRAE ST 99.999% ). S
Hik I PhTe A 4 5 4% DETC 1 Cdy o Zng o4 Te
(111) #1 BaF, (111 ) B S SCH #f SRR} TR FERE
2 R IR T ST F TR H AL A O, R e 3 i
SRR VR DL R — B 55 , SR TE = LS B
SRR K 2 R B T R A B S A
R, T Cdy o6 Zng o Te 5 PbTe HAHEH AH
I RSB (apyp. =6.462 A ag,, =6.482 A),
I RBA K HY 5 BT i Y PbTe BRLAR AR, OC T AR K 4019
TESCERL 14 1A TR A, AR RS T R i Be
T ( Reflection high-energy electron diffraction,
Rheed ) S 5 I 4] % 5 A0 SEE 22 3 T 14 245 4 o . 3l
JE 3 58 AMBIOS TECHNOLOGY /&) i XP-1 %l
B TR . ZLAME LG R H] Nicolet 23 H A=
771 Nexus670 BRI N AR LT AN GIRAX, S
7400 ~50 em™ | pEEERET 0.1 em™.

[7] 4 4@ 9 % 8 F fE 3% ( Synchrotron radiation
photoelectron spectroscopy , SRPES) 75 A7 [E Bl 4 K 2%
| ¢ [F] A0 i S5 52 36 %5 (NSRL) 3% 1 ) B 52 56 v O
JE. 1% SE 5 v T 45 2 AR iU B [ Vacuum Generato
(VG) ZYjhe UHV (= 25 ) RS (ARUPS 10) , B
AP R PR IR E B RS S0 H 2 DL R A
AR E S Horh i T RETE AT AR R SRR TE 1
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x 10™ Pa LUF , JA-TEHRE 5l 2 1 bR 2 5 T . e T
BEIG AT ERCAS T % E VG A "l Wil i ARUPSIO
LBRIE e, Ar B4, X BFRAE, KRB T AT 5
{C(LEED ) S5 2% F T4 5 FAF A0 3% 1w 4k 2. [W] 25
WSHCIRE SRR M 10 eV 2] 300 eV #Ln] 275,
SPEFRIRE R PR (E/AE) & T 1000. B2 14
SRS 5 e A Sk oo VR AR

1 (a)Pb, Sr,Te i (222) f i i) XRD fiT 4,
(b) AN[F] St 414y Pb,_, Sr, Te WMfEAE i 1921502 51
Pl S22 SRy S B0 B , 2 0 B BB R 045 6 28, BT A
B LA A

Fig.1 (a) (222) XRD diffraction spectra of Pb,

Sr, Te thin film with different Sr compositions, (b) FT-
IR spectra of Pb,  Sr Te thin film with different Sr com-

ponent ( solid lines) and its theoretical fitting results
(circles). The fitting results are indicated in the right

2 EWERSITE

1 i (a) Sy Ph, Sr,Te R (222) & 10 A4
W, (b) NAN[E] Sr 443 P, Sr,Te ¥ 5 (1 £L 5125 5t
DL LA 2. 1 (a) R A DU 25 4 2 T
X SFERATEH ( X-ray diffraction) XRD R F 4 X 514k

TAL S Cu ko, ko, PHERHFIELR. BEE Sr 45018
Jin, Ph,, Sr, Te i BEGFHF BRAR 58, A # 50CE K, H
I A LTSRS % A= A S 5 A%, XRD A7 5 06 [m)
FeR s, M4l Vigard s2 B, Pb, Sr,Te Y fHH& H HH
PbTe A% % B0 apy, = 6. 462 A 5 SrTe fi4% % %k
g, = 6. 660 Ay Tﬂﬁ{ﬁ[m tAppgre = 0. 462 +
0.198x(A). F A1 i XRD 3% 777 5 e v i 444
Pb,_ Sr, Te JHEJERE 5 (4 5 A 8 %50, i1 51 Sr A2
rfE B T IV-VIA BT S R K, Sk A i
Zoad Z R U TAE B S E IR T kA B30 % (F-
P) F¥5 0. S 1RG0 0 2 1% Dl A B, SR
FR 2 1) S A B X6 3 S R B A T R A ELAA
AIRLA FEE A B R0 TR C & A PRI 41,
Zead 30 A T DLAS 20 I A B S T R S
H () SR R NS B £ A0 S R R, 2
O 5 P R BRS04 435 SR 21 90 3 S B O 2R
BaF, 1 Rt I KL, KA BaF, o i 76 21 41 BE
W /N, AR i R 4 B U & Pb, St Te/
BaF, Y5 BaF, #}JiC LT 4B G, 4K J5 i i 9 A4~ 3%
LRAHLL , NTTTAS 3 Pb, |, Sr, Te AR AY 21 5037 5 i
MR RT L H A5 R S S0 5 5 B LA W A 1Y
A A 1 FE AU A A5 5] B 45 BE BT BB A
TEARARL e A7 . Pb, Sr, Te B BEAF A7 BREE Sr 41
Gy $E NN AE A, I EL A R X R G &R Sr 4 4 [
Pb,_ St Te 4B 2 M FEfE— 2T KR (T =
300 K)

E, =0.32 +1.96x , (1)
Hodr xRy Sr g 4 K. M4 XRD A7 53 i Fn
T A5 A2, 15 2045 Ph,, Sr, Te JEIEAE & X I Sr
ML A S REAT A B, A 1 BT,

x1 WERFFIMIEL Pb, Sr, Te FERHHRERE Sr A

52
Table 1 The band gap and Sr composition of Pb, -xgr, e
thin films
FES No.1 No.2 No.3 No.4 No.5
E/eV 0.32 0.36 0.42 0.50 0.53
St/ (% ) 0 2 5 9 11

AIFEHL T RETE BRI 8 57 Jo 45 e 5 o2t
BB 2 SR FH A i D7 3k, M o e PR SRR [ 18 ]
[19]rhA TRAN TN IE. PbTe APEHIFBRE/ N, B A B
B TS, NI B A B A SR . O T 2D
NG T RE N 1 i A v SR T FL B9 R I,
fit 2 T T A < i 0 15 (A HL 2 Sl () I A A 3R
T B — 07 W — G 0, P AT B AR AT R T Audd , 8535
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AEIEHCARMBITE Ph,_, Sr, Te ) )17

&l 2

AN St 4143 Pb,_, Sr,Te WAL i 9 (a) Bl i,
(b) Pb3d,,, A RELIE
Fig.2 The valence band spectra (a) and Pb5d,,, corelevel

Sr_Te thin films

I-x™%x

spectra, (b) of Pb

BB P Ah AT AR, DG F BETE X A i R T
B AURK B S R T AL TR B AR A B AT T T G
EREXT S5 S . FE AT H T RE IS AT, o
FH Ar B HEXTRE S R I HEATIE . O TN Ar B
T AR R A TR IR T T AR T Ar BT
FERG NN B RN 3 kV BRI R 1 kV, B 2 AF XPS
HFOREEAE] 01 s 4 B 5 S AE 200°C R K 30 min.

K2 (a) 4 Pby, Sr,Te #£ i 4F1E, (b) 4
PhSd AR RBGLE. AR TR R HAE R R 75 eV By %5
HMETFAERIEH T BRI A SR, i B R ROk
F-%F PbTe K Z A1} 17 1% FIES S AE AR B A
A HICS AT, A7 2 = I RS 2. PbSd AR g
G {57 14 1 2 >R H Shirley bR BR T 5%, 2R 5
Voigt £ 7 pREILA IS A BE QI 1) J7 74 4645, AN 2
(b) 7. Aty oLz & i o Sk DI 2 0 645 31 - i
WAR L, — S HA Sy, 5 — &K HZ N hE
T T SR, W 2% LR R 22 a5 B Sk s T00 A o7
BRSO R BT RE AT AR Y R L
T NS FEB G T e 0 ) i 2 B 5 20 e 5
AIANEA 2 B2 R 2 IR L1531, TS 5008 © 9 FE 3R
2 .

%*2 Pb, Sr.Te HRNTES5SHHHT Sr
Table 2 The valence band and conduction band shifts of
Pb,-x4r, e thin films
BEf No. 1 No.2 No.3 No. 4 No.5
Sr 41y PbTe
AEy/(eV) 0.03+0.05 0.01+0.05
AE/(eV) 0.29£0.05 0.350.03

Phy_9gSto. 02Te Phy_ o55tg. osTe Phy, o151, goTe Phy_goSro, 1 Te
0.05£0.05 0.04£0.05 0.10+0.05
0.37+£0.05  0.46£0.05  0.43£0.05

13 g Pb,_Sr, Te AN M1 JIEBE Sr 41
SIEEIME) SR, BEE Sr 2133800, Pb, , Sr, Te 1)

[€13  Pb, Sr Te yifEEAi TR I HE Sr 2H 704 i
ool ol b = A0 o 8ol nd, B R 2508 + 0. 05
eV, L AR /N AR B R A i k. K
k@M s AR T % I8N Z )5 Pb,, Sr, Te/
PbTe S Ji#f At L fEAY 5 O REAT RYRE A B

Fig 3 The shift of valence band maximum ( VBM) and
conduction band minimum ( CBM) of Pb,, Sr Te thin
films with different Sr compositions. The triangle is the
experimental data, and the red line is the fitting line. The
pink and green lines are the band offsets of L and O valley
at the interface of Pb, Sr Te/PbTe heterostructure with

strain, respectively

BT Bl 2L, M aly TOU5 e R 23] 1) P2 3.
5 foe /N AT X s BEAT R RS, 15 F) P,
Sr, Te #rff THEE Sr 28 7 (49728 f KL, 4 wp 21 €0 i
LRI -

AE, =0.014 +0.569x (eV) , (2)
AH T G A AR AL A A
AE. =0.307 + 1.365x (eV) (3)

HRAE fe /N IR IEAUA, oy TR Sy IS B ds 5
Sr A MR C R B r =0. 77, B B 26
PEAHSCAE. Pb,_, Sr, Te 7 Ti HY I H8 # ZE Tl
I 7% 338, X BB AE Pb,, Sr,Te/PbTe S JiT 45
o, S B S AN SRR R IS
TR Sr 4153 AR (L 3G BLZ RS, W] LAA 7R
FRAH Pb,  Sr,Te/PbTe S5 B4k ( A I AT N JIAFAE
) A MG I Q, = AE/AE, =
0.71.

Pb,_Sr, Te/PbTe JE 1l 5 i %h 5 (1B 1+
Z548) , BT P AR R O [R], BB JZ PbTe iy
b K HE AR, 520 PbTe BYREHT 4544 & A28 k. PbTe
LIV-VIG SR BB ZRE A 1 RE T 454, FipE
W AR, T A BLUH X 09 L s 4. 1 I AE N 1 7B
LR S &S, et T (111) & B ga] )
PbTe WK, A 7 4L ARL I g4 (O) F9h e &+
(L). Pb,_ Sr,Te/PbTe (111) f T-Kt 1, PbTe i P 14
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AU PNLUWAR
_ Opsre ~ e 0.198x
LT . 6.462 (4)
PN ENLWAR
e, = -2(C,, +2C,, -2C,,)/(C,, +2C,, +4C, ) &y
, (5)

Hrfr C, 2k PbTe MR SPE R £, 51 SCHR[21 ], &
K& N 1 2SR R A5 4, T O REAR R IR 5 L
REATREA A B R A2 oy 4, o BB mAA7E N T 6
g\[zz]:

SEV" = D' (2ey +e,) +D"e, , (6)
SE =D (28, +&,) +D"(8ey +&,)/9 ,(7)
Horp SECVA R TR GIAR O g5 L ES
Gy 5 M sh &, DY R PbTe B4 K9 I 75
S, 75 5 % JE PhTe B2 BN Z 5, O
REAT 5 L e aes A sh 70 il R -
E/ﬁ{AE'\: =0.014 +1.078x(eV) (8

AE; = 0.307 +0.965x(eV)

\{AEg =0.014 +0.571x(eV)

AE] =0.307 +1.438x(eV)

7% 1§ PbTe i iy W 7 7= A= W e £ 30 , DL K qig
WEFS L REAR I S B L Q¢ = AEC = AE] =
0.47,0 fERHI W BT L QF = AEC/AEY =0.72.

K H SRPES 5L 56 77 2 % 2 T 44 S Jo 45 5 1l g
HEHEF G DL RS B A, A R TAE S TR
A2 R 5 B 45 S5 40 0 6 i o o AR i i 15 45
H,Pb, Sr Te/PbTe S i F M HA KA | 1Y fgw
258, Tl BT R B, U S B gkt
ST L 0 BRI PH O T A A A R R R4
JH. *47% & PbTe JZ 32 3| i 1 I, L B4 09 32415 11
S M. Simma 251 BRAREE SR A %S
#33 Pb, Sr,Te/PbTe 53 J5t 5 5t 1 340 4 B o Lb Ry
Q. =0.45+0.05. A] WAE Pb, Sr,Te/PbTe =L T
FEE A5 R Th W 7% B T BE 4 A 2577 A TS .
S TS T AE ) A ST RO X R A5 A IR K Y
SEMR L ST 2 oK BB AT FL SN L S T A AR
AU SR I I AR B A 0 2
EIE. [RIBHLT6 I A T 0 A B A 5 o 45 2L I ey
FEAE AT H R A 7oA d ) S 95 0 2 A S G0 i

3 #e

=
aod

>

o
a>

(9)

=
B

R DG T REE BRI B 1K Sr 41531 Pb,,
Sr,Te W REW £ 3 5 Sr 4173 G &%, IR 45 & #Ig it

%4 Pb,_Sr,Te/PbTe SR 45 et B, 24 R % & Pb,
Sr,Te/PbTe FIRIAEAERN I B, 2 5 it 25 5t 1S4 ol
B i . 2% pE BLim g S iE, PhTe fEAF % /L L BERY
50 B BE 2L, L ali A B 7 Le 430 R R P
Sr,Te/PbTe 545 H 1 EA 2 T (14 58T HE S 45
¥y, X Ui Pb, Sr,Te/PbTe %45 1B 8 & 7 &,
X HL -5 45 R AT Bk I B 1 BB 7. X Pb,, Sr, Te/
PhTe S 25 AEHF 7 B ARG A I 2 A R 1% 28 =t
R PR A A P LTSGR BRI K R
RIEEEAE.
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