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Abstract: As IV-VI compound, tin telluride belongs to direct band gap semiconductor materials. Under the
condition of room temperature and atmospheric pressure, tin telluride has a stable face-centered cubic crystal
structure. Being a topological crystal insulator, tin telluride has a highly symmetrical crystal structure. Due to its
helical multiple surface states and strong topological protection characteristics, tin telluride can be used to
fabricate new electronic devices without energy consumption. Moreover, on account of its excellent properties
such as band-gap free topological surface state and narrow band gap posture, it has great potential in the field of
preparing new photodetectors with wide spectral response from ultraviolet, visible light to infrared. In addition,
because of its high mobility at room temperature, tin telluride is expected to be used for high performance
photoelectric detection with ultra-fast response speed. In this review, the preparation methods, crystal structures
and properties of tin telluride materials were summarized from the point of view that they were suitable for
photodetectors. And the research progress of tin telluride in infrared photoelectric detection in recent years was

summarized. Then the development potential of tin telluride in the field of photodetectors was prospected, and
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several aspects that need to be further studied as photodetectors were also put forward.

Key words: SnTe;  material preparation;
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BRI I AR 4 25 K (Topological crystal insulat-
or, TCI) T 4L#3 4% (Pb,Sn,_ Te). flifk45 %% (Pb,Sn,_ Se)
RS (SnTe) J& T4 AR HME LK, 5 32 I} ] 2
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XoF Bk P i T EL AR 52 % BTRRCS BY 2K B v HL A
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5N f R (Field effect transistor, FET)!', K FH#g
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ctor)!"!, B S 4%1F (Superconducting device)®” L M2k H,
#¥1F (Ferroelectric device)?'"! 55 451358 34 A # K 9 v
M8, Hor 3220 ER A5 F a1 s .
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Fig.1 Applications of SnTe material
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Tab.1 Preparation methods, material morphology and properties of tin telluride

Preparation methods

Morphological structure

MBE
MBE
MBE

MBE

MBE

MBE

MBE
CVD
CVD
CVD
PVD
PVD

PVD

Hot wall epitaxy

Solution-phase
synthesis

Solution-based
synthesis

Vapor-liquid—
solid growth

Solid solution
alloying

Microwave

SnTe-based films and
superlattices

Si (111) substrate/
SnTe thin film

BaF, (001) substrate/
SnTe film

Sapphire substrate/Bi,Tes
buffer layer/SnTe film

BaF,substrate/SnTe
film

GaAs (111) A
substrate/CdTe/
SnTe film

Substrate/Bi,Te; buffer
layer/SnTe film

SnTe nanowire

SnTe nanoribbon

SnTe thin film/n-Si Nps
heterojunction

SnTe thin film/n-Si
heterojunction

SnTe flake

SnTe thin film/n-Bi,Ses
heterojunction

SnTe-based films and
superlattices

SnTe quantum dot

SnTe nanostructure

SnTe nanoplates

Sn | 93—, Mg , Te ingot

Se/Cd co-doped SnTe

solvothermal method octahedral particles

Alloying

Ge doped SnTe alloy

Features Year Ref.

The structure parameters of the PbTe/SnTe superlattice were 1997 (23]
determined by the selected buffer layer material
The electronic structure of the film was adjustable by 2014 [24]
changing thickness and lead doping level
By increasing the growth temperature, the film has higher

s . . 2014 [25]
mobility and lower carrier concentration
Dirac electrons on the SnTe (111) surface was gained by transmission 2014 [26]

measurements on a high quality film grown on the Bi,Te; buffer layer
By optimizing the growth conditions and film thickness, the carrier
concentration is reduced, which conduced to study the surface magnetic 2015 [27]
transport characteristics

Single-phase very low hole concentration of SnTe (111) can be

obtained by optimizing the growth temperature of SnTe and 2016 [28]
CdTe layers and the growth rate of SnTe

An efficient photoconductive photodetector was prepared

based on 10 nm TCI SnTe 2017 (29]
The exposed surface of SnTe micro-nano structure can be adjusted by 2014 [30]
experimental parameters such as temperature
The controlled growth of crystal surface of SnTe nanocrystals {100} can

. . 2016 [31]
be realized by Bi doping
A photovoltaic photodetector was prepared based on 2017 (32]
SnTe/Si Nps heterojunction
A photovoltaic photodetector was prepared based on 2017 (33]
SnTe/Si heterojunction
A field effect transistor photodetector was prepared based on

. 2018 [34]
SnTe single crystal
A photovoltaic photodetector was prepared based on 2020 [19]

SnTe/Bi,Se; heterojunction

The prepared EuTe/SnTe SL showed a high mobility of 2720 cm*/(V-S)

at room temperature. The Seebeck coefficients of SnTe/PbSe and 2009 [35]
SnTe/PbS SLs can be close to those of PbSe and PbS

By changing the growth temperature, concentration of reaction mixture,
etc., the average diameter of SnTe NCs was adjustable within 4.5-15 nm,
and the band gap correspondingly is 0.8-0.38 eV. It can be

used in near-infrared photoelectric devices

2007 [36]

The shape/size controlled preparation of SnTe nanotubes, nanorods and
nanowires promotes the application of colloidal infrared active 2015 [37]
nanomaterials in practical technologies

SnTe nanoplate were prepared with large {100} or {111} surface areas,
allowing selective study of the surface states on these surfaces.

The phase transition from rock salt structure to thombic structure 2014 [38]
was observed at low temperature
Adjusting the SnTe electron band structure by Mg doping, the Seebeck 2014 (39]

coefficient was improved and the thermoelectric property was optimized
By using the strategy of co-doping selenium and cadmium, the energy
band structure of SnTe was optimized to improve the 2017 [40]
power factor and thermoelectric optimization value

The local structure distortion and related ferroelectric instability of SnTe

were adjusted by Ge doping, and the ultra-low lattice thermal conductivity 2019 [41]
was aquired to optimize the thermoelectric performance of SnTe

20211019-3



ISk A2

%14

www.irla.cn

o

# 50 %

1.1 S FRIMEE (MBE)

o S ISR 0 R4S X T T A R 2
KELE S RIMEREFE AR & 2SN, AR 2 0t
1o T 28 K 7 A B RO A I SR T L RS L AR
B UL R AME A KPR Y 7 1. BT MBE Jr ik
FCERBETH Aol I U BE IR L 8 A S A A i
DA K RS B 92 1 45 2 v o 0SS 22 200 4 S PR, RS
JFH R ) £ J5t 1~ 0 2 B 2 2 S T 4 A ) ' v YR
Mk

2% W2 BB EEEEXT MBE i 4% 8 5 1 1) i 28
KEL , TEFFTIMERS, T FI A0 E AR AS
[, ZHATE A R IE, 51 A S vh)Z 1 H R R0
R B N T L B/ INOE RS SR T, % vh 2 I A K ELHEY T
3 5 SLAP E R Y ] A5 B . RLAE 1997 4R, 22 A
% e W AT ST BT Y T SADOWS %5 A 7E BaF, (111) %t
J&£ } SnTe, PbysSny sTe Fl PbTe A [a] 28 )2 |-l 45 T
(50 A SnTe)/(50 A PbTe) & Alike, 25 H A NG vp )2 44
ML PREAR KR FE e 1A S5 I L 240
2014 4F, AR 2E ) Yan % NPIFF MBE /7351 IR
FE Si (111) A il £ H T SnTe e Joi 2 v A, i i ke
715 JEE TR EE R A 45 2% KO (8 B 1) L 45 4 AT
Wo HF Sn 2 A Te B Sn, IERE B4 SnTe &
p BB AR, 72/ T 1 pm (R EE I, AT AT
1R B RLAR FIAELRE 1Y), 3 2% B 3 BRI T2 R,
fifp P32 ) 8, AR 22001 98 Z Wi S B AR SnTe w5 1) 22
R =B 2% 1, Wil SE ok & B i e ik
MBE il # SnTe {# B (1) T. 20 S 800 A 20 B AR
T SE AT RS2 . 2014 4F, £ EARILRF Y B £R
1Y B. A. Assaf 28 A H| MBE J5 % il £ SnTe 8 5 A}
R PR e AR R TR BE AN T R 2% T T S R 4
v S0, 111 EL A8 R L B R AR, Y 2 ok
h p=8x10" cm > I}, B2 /R B A AT 3K 760 cm’/(V-S).
2016 4, Ryota Akiyam ¢ A\HiE T HI MBE J7i57E CdTe
Ui SnTe(111) J2, @ i1k SnTe. CdTe JZ 4K
IR EE LA K SnTe B9 AR AR, 31453 TAAE (111) Jr 1)k
KA SnTe AR, FR1HT-H B LU AE BaF, I8 EA K Y
ARKRBGEEPY, 2017 48, [ By B K% 1) Jiang 55
N PO GE T — B R MBE 5 32 il £ i 5 B0 A
SnTe i E (5 mmx2 mm) A9 7] #5532, BI7EA4E K SnTe

J 2 i, SCAEL S I BRIR B (STO)(111) i B AR K
M9, FJZ BiyTe; # K (4 nm) DA /D @i iR BE, PR
K 10 nm 1 SnTe # 5P, I 5T SnTe WM HI 4 T
RO T RN &, S e Ak 3 26 g 48 F T il 0 R A
JGHLN AL T4 S

MBE il # Jr ik AR % e ik, (e WA B & Hh—2
JRiBRPE: MBE 5245 B 5t . #RAESE % AR KR8 LA K
il 5 1) o R RRASE 1Y SnTe i85 RRAR ME 48 7 7% B 456 2 1
Ao JEC Y G b A RS b SRR T A St A v AR S B iy
., RTS8l A A 77
1.2 ESHRRAE (CVD)

2 SOMBTRR I 2 46 ] & A H 10 i 3R 1Y
— LA S BRSOV (PR EAL S ) 12
A, TERTR AR T b AT A 2 SN AR B TR Y 5 v
CVD J5 12 (45 5 2 B o5 15 B S 4 A Tl 4 110 v
SRS PERCT | DUBIR B BAR L Bl o el A S
2 B AT S R TR 27 Ay P 45 4

B BB A WA R 10 A9 AR 90K & A O= 58
BT — G A AR 2% . 2R R T FL AR R 0 DG
SnTe 44K f AR H 3 1 5 1 (surface facets) P2 T B Y
FHEDRAS . SR, KZH0AT HIAY SnTe 442K il /2 Hi 44
J12F R E B {100} T 2H B, AR KA (111 T A 1415
YK bR B PR . 2014 4F o E B B K2 R
Muhammad Safdar™ % A ] CVD J5 ik 35454 7 HA W]
S 119 1 KR AR T (1) SnTe 40K 28 RN St 1A, oAk
AN AR) 1) B R T AT LA Bl CVD AR b S 2
A GO R R ), 7RSS & AR R LT
TR IR TUR XIS, SnTe Jy HAT {100} 18 Y 57 J7 B, i 7E
BARMA KT, SnTe A HA {111} A9\ THAK .
IZWEIE R AT B SnTe 2 AR TN S5 A A RHE M T
5. 2016 4F, PWARAE R £ 22 K49 Yi-Chao Zou
NPT R AT A AR S T, 0 CVD il & T
Bi #87% SnTe 9K £5#44), H AR TH ST if Bi #8743k 17
P, SRS RIS R T BA B (111} R /Y Bi 572
SnTe ZKAF, 45 & J& i T n] $E 90 K 5 A S 41
MLZs. 2017 4F, 7 K24 H) Suhang Gu %5 AR CVD
T E RTEREGUOKRFE R T A4 T SnTe Wi fiE, JE Wi
1 & SnTe/Si 44K A (Nanopillars) 5 it 45 6 AR Bl
FEL PRI 25 T 52 I A5 A1 B0 30T £ A1 14 5 1% RN, Wi 7 3
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1.3 ¥ESHEIRAE (PVD)

PP AR DR AR 7 25 551 T - T i B
AN AE AR TT Ik, BORTEAR S 25 44 T 6 FH 4
MOBHME R UG A KL, 20t <28 R sk 5 I, DA R
S T DR R AR B A G ) TR A AT 4
MM, PVD kBB N HS RN B
2 W IRT BE JE ks A S L B B I o R B T S
JEE:, 78 R RA RS S BRI R4
iy LA B ol 8 198 e S5 2 v o T S 0 PRt A
M TS LR . T O ERE W
AT 5 20 A AT 5 5 45 UL R I DR
P14 L R T AT G ) B T 55

2017 4F, L ZR DT 27 1 5K 2k A N AE T fif
FEATHEAL R BT, SR PVD 5 ik7E Si B4 T
A (111) [ A1 (100) T ) SnTe 8 Ji5, 12 i 52 B 57
J5 5 R SR S5+ HLJC HC A AR P FE A, 3L Sn/Te JF e
1 s 1.06, U6 R P A 7E — B Y Sn &S, 7
B op BB T RIS o AR EE XS PVD il % SnTe
Ak 7 T A AR KSR, S 45 23S T4 O AR
T ZS4 SnTe 44K A, 5 B xR K SnTe (43R B JEA T4
F, 2018 4, v [ERHE K AE sk BLAE AR PVD
2, 78 Si/SiO, # K X AR K SnTe MR ik TR %K,
S BB A AR FE R[], 48 A i HOE 0 22 AR
Ko KR T 300 °C 15 £ BAT 4R 2546 2 1
() SnTe, HF AU T 5, A F T 50 25 14 19 1 455
AR KRB 3 75 R 600 °C Hf 45 3] A 2 5% 23 HE RO Bk
AR SnTe JEGK -, [IAREATE Tt B & 00 1 4 Stk
AEINIR; 1M Ak KI5 S 480 °C I}, T A SnTe 44K A 4B
BS503R b, R T AR, R RN
57, ATARGE (R SR AN ) RUST 't H 2542 19 o 4 7 SR B
2020 4%, 1L AR U 3 K 2 ) — 141 BA A K 75k 4 N TE
Si0, #HJE bR FH—Fh B A7 P A PVD Y4 K SR AE G
PEAR TR B A5 0 R 5 T i BT i Y SnTe/BiySe;y 57 it 45
Y, 76T B 45 0 AR AR T i B, X R
Y5 SR S5 M SUR R T 40 F N R AR 1 20
i H o WE5E p BUAN n RN R A Z [ A AT # 5
RN FRAE T FRARSE 510,

1.4 HftwAix
A — S A 7 v B UNRAH G R PO 4 il

Bk A LN W T4 SnTe W & H:
BUORZER o R, IRAH A B ] o A ek T B 2 2 2
R/NCLE T Iok A H B AT AR, B4 02 AR
EAGFICE AT RIS KRR . MERR Kk B
B AL 21 SnTe BORHE 22 T T B e T 48 )
W, WA T ICr SFI7 e

2 WHHE

SnTe A1 #HAME BT € 1B /YN, T4 B X 5
MOBHEE R BB ARG . WAL 2(a) I, SnTe 2 544 8}
HAy = S BLG5 4, 43 00 0 22 05 5 1Y a-SnTel™ |
e 45 (0 27 S5 H) (19 B-SnTel ¥ Rkt Jr 45
AR p-SnTel™, H BLAA Y 25 [B) FE AN Al A% S 4N 4% 2 B
AR g-SnTe JE AR A, 75/ T 100 K WFHF1E; B-
SnTe 7£ 100 k LA b AF7E, i #E = R 454 T (>18 kbar (1)
& J1), p-SnTe 0] ¥ [111] J7 ] & 25 WG 728 6 A5 R -
SnTe., T HA 07 45 1Y p-SnTe 76 = i ALK
AR SRR B AR, PR IHGE E TG RIS Y 2

SnTe sz 26— 1 B T 5 2 B 52 30 30E 52 19 40
PSR L SR A, ELAT 5 B X BRI A A 2 4, AT o
B P $ 4 D T S AN A A B, LT R A 2 T 254X
A7 0 S 55 T X B B9 2 1T 40 (100), (110). (111),
HARTE I 1 2o T 3 T80 25 R i £ %) 0 4 D OR3P R P 7
FICREFEGHL AR AT 1, ] 2(b) 1 (c) 4 il
SnTe [fI.Cr 37 77 45 A4 (4 A5 HL YK DX RN BB A 4540 1, ‘B 1
T 0> 575 A1 BLOH DB R IR I AR X B . SnTe &
B AR, TR R T HART B 0.18 eV, 7
il 2 N EE AP L AT WG 3 T 21 A B i) S 3 't FL A
s I H3l o AR SnTe R JEE 2 a i 32 N7 1 ol i it
ALY, WP 2(d) BT R, SnTe (445 #4938 % R F X 5t
M7 5 (X-Ray diffraction, XRD)., =43 H¥ 1% &1 B 7
% B% (High resolution transmission electron microscope,
HRTEM) LA K GHL FREE (X-ray photoelectron spectros-
copy, XPS) 45 F-BOR R AL ; Al 24222 1Y SnTe th T
Sn 75 i #1 Te UK Sn MATAT 22 B 1 P 2 F 4K, Sn:Te
M /NT 1, W 2(e)XPS 3 T 7 B 18] 2(0) i (g) 1Y
XRD"? FI HRTEM " &I T SnTe HA (111). (100)
SEAHFMI
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Fig.2 Structure and characterization of SnTe: (a) Different phase transitions; (b) FCC Brillouin zone; (c) Band dispersion; (d) Strain- and layer-

dependent band gap; (e) XPS spectra; (f) XRD pattern; (g) HRTEM image

% 2 SnTe AEEMSEMEEN
Tab.2 Crystal structure of different phases of SnTe

Phases Crystal structures Space groups Lattice parameters

a-SnTe Rhombohedral structure R3m a=289.895°, a=6.325 A (1A = 0.1 nm),
f-SnTe Rock-salt Cubic structure Fm3m a=90°,a=6.3268 A

y-SnTe Orthorhombic structure Pnma a=90°%a=1195A,b=437TA,c=448A

3 EELsEMER

AT R AR AN A, FFh ik
Y 2k SnTe YA ZH LW A, H 4 MRFNEH S
FETFR—A{100}, {110} {111} 1E@ ™, BF5E 4 8
T IR A8 O L A R AR L B R R 0 A SRS
HL7 5 F B, R34S T AR R R TS, 4%
T HA R IR SnTe 49K Sk (KR . 9k
ML Ak RS, € 3(a) SR T SnTe B A4 b AR T IR
A 5 {100} 38 T80 (49 37 J7 (it 310 78 5 {111} 3R 18 A9\

TRVl R RE T B BT 1) SnTe 40 >k £k 5 vl 1k i 3L 18
AR AL U A 3(b)0), KB SnTe 44K £k ELA 350 meV 1Y
PRI e, XA B K B HOBOE RE AT LAOR 4P SnTe 4K
2 b R A b SRR S OR 2 O R T, B L,
SnTe 4 2K 2 7 55 I 2 R 4 D 3% I i as R0z 4K H
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Fig.3 Morphology, optical, electrical and thermoelectric properties of SnTe: (a) SnTe microcrystals; (b) Current—voltage curves; (c) Magneto-

conductance Ap/py—B curves; (d) IR absorption spectra of 7.2 nm and 14 nm SnTe NCs; (e) Hall carrier density; (f) Hall mobility; (h) Power factor
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Fig.4 SnTe photovoltaic detector and its photoelectric properties: (a) Scheme of SnTe/Si heterostructure device; (b) Typical /- V' characteristics;

(c) Energy band diagram; (d) Cross section diagram of SnTe/Si devices; (e) Photocurrent switching behavior of the device; (f) EQE spectrum;

(g) Schematic drawing of the SnTe/Bi,Se; heterostructure; (h) HRTEM image of the heterostructure cross-section; (i) Dirac band diagrams of

SnTe/Bi,Se;
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Fig.5 SnTe photoconductive detector and its photoelectric properties: (a) Schematic diagram of the photodetector; (b) OM image of the detector;

(c) Time-dependent photo-response with 405 nm; (d) Time-dependent photo-response with 3.8 um; (e¢) The laser power intensity dependence of

the photocurrent; (f) Schematic diagram of flexible SnTe NIR single nanoplate photodetectors; (g) Representative AFM image; (h) Dependence of

laser intensity on the photocurrent under the illumination of a 980 nm laser; (i) Photocurrent of SnTe nanoplate photodetectors bending with

different radii under the illumination of a 980 nm laser
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Fig.6 SnTe FET photodetector and its photoelectric properties: (a) Diagrammatic drawing of the SnTe-based photodetector; (b) SEM image; (c) AFM

image; (d) Time-dependent photo-response with 4 650 nm; (e) Photoresponse measurements of the SnTe-based flexible photodetectors; (f) Time-

dependent photocurrent of the flexible device; (g) Transfer curves of SnTe detectors; (h) Typical noise as a function of gate voltage; (i) Gate

voltage dependent responsivity and detectivity
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