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Abstract

Tin Selenide (SnSe) has garnered significant attention in the field of novel thermoelectric materials
due to its unique layered crystal structure, coupled with excellent optoelectronic properties such as a
narrow bandgap and high optical absorption coefficient. Notably, two-dimensional SnSe nanosheets
exhibit distinct quantum confinement effects, enabling continuous bandgap tuning from 1.1 to 2.1
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eV by adjusting the layer number. This tunability endows SnSe with immense potential for applica-
tions in broad-spectrum-responsive optoelectronic devices. Leveraging these advantages, SnSe has
gradually expanded from thermoelectric applications into frontier optoelectronic device research,
including solar cells and photodetectors, establishing itself as a hotspot in low-dimensional semi-
conductor studies. This review systematically elucidates the crystal structure characteristics and
anisotropic electronic band structure of SnSe, highlights mainstream preparation techniques for
two-dimensional SnSe materials, and provides a detailed introduction to doping modulation strat-
egies. Furthermore, it comprehensively reviews recent experimental advancements in SnSe-based
photovoltaic and photodetection devices. Finally, the future development directions and challenges
facing SnSe-based optoelectronics are summarized.
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1. 5|8

ILAER,  HEMRMA R QTS Se BRI AT R OO U R O TS 1. B S RO R
W, ISR MEL G -V RGP & IV-VI RGP AR B — B iR AL & VI k[ 1]-
[6], HARE R VAR AR T 5 2 A SR SR B D RIS 4, ANUSEEL T 902 2 J2 A R 016 25 7 BURS v
VR, EAEJCHRT AR SRR R 5 S AU R I AR N T 7y, e TR R AETh RE A
kIR B TC [ SR F A B U B [7]-[10]. VRN SRR p B SRR, SnSe SLAEHAAE Sn 2= hr
BRI T A B 57 2 AR RV %6 52 R TE o Bk SnSe (RS RETT 45 44 24 R L HH O IR CRR 1, X R
7L A 90 A RN o A R ) B A B, o B RO T A 2 o i BRI 5 M AR ) A o % B
MEHITTI-[13].

SnSe fENIV-VIE MCs MR, BAWERA R IRE S, H B B & i H = B g im o2z,
HEARA p IRt AT ER AR, WP IEONERIE . SnSe X AL, A&
HEILER, Sn JGRMFEF LT Mo W, il 8 AR KRB X Ltk P Al LA S L7 5 S B R AT
SRBIMFF3EF 77 AT SnSe BT L IR T o AEIRAGUR, JLHBIREH NGRS 5T R
S ZT (R 2.6; 726 Ho 745U, JLA s BRURFPE IR 17 X0 e miy B2 B 7 400 nm~10600 nm F 1€
I A RN (PTE) 5 0/ FL S RN Bk R P SRIIURT S B8 v o 7 P52 DA K% 5 R ) Wi 7 o B A5 R
(K17, SnSe MBEAEITLLAP-IT X FDERIC R ERIE 10° em™, 00T 80, KU 3% 17 S 1 RE Al
SR R SR - VI AR . ARSCRGIRIA | SnSe MM RS SR, REAUA 1T —4E SnSe #4
KL B2 FCRE R, JFRERS T 4 SnSe 76 LU R HERE, XF SnSe 71t L U AR AR R VL FH T 35
2. SnSe HIBISLEHI RIS HRIE

4 SnSe MRMEA—Fh IV-VI BT BYZ MR 2 SARMRE, $0AG JUHR R 1522 fb A% 45 A2 I 285 10 3% 1) S
Bk, WIR N, SnSe AFIAHEN Pnma HIEIRIERZLEM[14], SIS E N a=1149A,b=4.15A,c=4.44
A, B)ZHREYEH Sn-Se JEFHEW(100) 84 77 S, 2B 5EILNBE[15] (Sn-Se # K208 2.7-3.0 A)
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TERER IR Z, ZEEL) 5.7 Ao MIREEIZHTFH =% 800°CHY, SnSe fifA K AEAAR, 7% A1 FF I M i A2
N Cmem JEFEEXARMEIR S, E NG, FEGS TR SCE, RFREE BT, (HIL SnSe &
RIS, —EFSETEXHER.

1T SnSe fi k& N ARE IR R F-HES 5 & ) S VA VEAE AR U5 % FE AT 0 B 35 A 35 o B2 25 el
451 Sn-Se JRTEEMIEL, JE P SRIL N BETE BORS E AR VIR 4, T2 AR S Y AR S, T
FAR S TR s VRO U I . PR b, LB BR R 4R PR B W v, B TR 2y
SE ST M RIBE R E S, TERGRZIN BIE S a RE. [FIRE, R ARSI T AR U SRR
S SLE RI BEAR T AR I T, A L & G AL SRR (R P e ) o FE SR R R T TR, B i
WS RE 775 D AR SRR A 25 B SRR AT DL BT 21 M 22 38 B R o X PRI 454 - ThiRES%
Bt AMUARILTE F DS 158 S b, I8 I RN AR S R N P AR T R AR T s
fil, A = R AR YR A e 5 R B L N I 1 2 DR 4R R R [16]-[21].

BIAE R SAM BT A% O SR NE, LS SR Tl i R i PR3 R AR AE SRR 5 22 A, SEIER
TR IR RASAT AN “H& e h” , MRS R 2 4EFE DRt 7). IWEERIRLH: B, 5
FAMLRERE A1 SR K BE A B L Ak B 45 4] (IR 3221y Bt ) BLAE S B AR), Tl 20 5 - 75 &
BRI TR G TF BORaE s 5O IScRe AR - 5 - AR AR R ALSISR AL A Ak . 7E4
AR FHZEE, n 85 p BSBR0H R EBRE T 8RB ANE R B ) 5 & Re T R Z(an#4
HLR O I HE AT, R el A5 RS S BHAUSAR (M BE TR TS & . BEE IR TSRS HES 22
HARMIRR, XK EHEZ 2 SRR “Wsh gttt ” 1w “ EhThae it ” mMaRFas, moniE
B R AAE R 5 220 0 7 SR AR

n B IRIEE SN FE RSN SR T), MRS EANAHBE T, RERFB IR, A
HaE AR SR R OERTE TR ER TR 5RE, AR TFIER RS Ra e, Frbwd
REA TREATT POKRE AL B, G S AT AR . TERN T, n B35 2% R U 1 28 (I p-n &5
PRAL AT AR, ST RO R (0 = DG LG 5 o R R B DU 8, P R PR A T e DA T
PEHFEHSR, HE TP B SRS Seebeck REL, RBLH—HIR FARKIMEREI, NHE TS5
VRARAF 1) 2 T BEAE R B E Bl

p BB A 5 N2 ERRARIN ST, RSN p =R o8, ESEFBAT N, RO
PR TIRE 51T R . HAZOTE T2 SUmig a8 70, tIRALIThZEF 7 (L § %5 Seebeck REUMIT /7,
F I A T U A SR AR TR, T KIESE T A RAE(ZT) . TERH R, p 844524 2 S 384 = R 4
[l S P D, TR] AR 3R 2 K B R FELT ) 25 AR i 2 803, AR AR A s B P AR D v PR 8 R T SSE 3 )
o HESETENEOR IR E SR IR AR, SCIlE RIRVEREI 24U, BRI R S
TRV RE BT

Amit Das %5 A\ [22 383 2647 25 30 1T 45 24 3R 7510 n B SnSe, FEAHBFFE T n B SnSe 7£ 150K £ 700
K 5B Va I P B R e . BB 24 IR SN 0.25%F10 SnSe 7E 700 K B IR RHGAF] 033 mW m ' K, 5
HAh B TGRS 241 n AL SnSe MEMEREAH 2. 8IS R AR T BRERBLAY, TESE T R B IR FIIE I
SnSe A it I HL 3 23R B il B2 AR G R e SEBR AR AT RLE 300 K I BA7 0.62 W m™ KRS H V32, X
—#Uf 5 SnSe HLEMEMEY . n BZ F SnSe MMKAMFHRFIHE T L FMAKEER: HEFIIERA S5
FAIRIIAETTE S FIRS), AR B & 1) 2 RAERIFHIE . thAh, BT KIS 4 7T 22 527 SnSe 1)
My IRASE FE FORE AR, X — MR I B AR 1 S B B B . UG R 5 4% i 5 5 700 5 1 5 1) o B0
AW 1 FR.
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Figure 1. The variation of the electrical conductivity as a function of sample temperature (the inset displays the plot of d (In
8)/(dT) versus T). Best fits (solid lines) to the measured temperature dependent electrical conductivity data to the temperature
variation of the electrical conductivity using (b) adiabatic small polaron hopping and (c) non-adiabatic small polaron hopping
models. (d) Thermogravimetric analysis (TGA) profiles for the undoped and iodine doped SnSe samples measured in a nitrogen
filled atmosphere
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HHEBESRNEETURESEZ)NEN KB TESENERE/ N ARETRTERERE., ODEXFRSNSFDNE
RURIBZeFNRIS 2 SnSe HEMAYAE S HT(TGA)ILE]
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Figure 2. A comparison of the PL spectra between Zn- and Pb-doped SnSe thin films and undoped SnSe thin films
& 2. Zn, Pb #2H/EH) SnSe EIRSARIZHA) SnSe FIRXIELRT PI EliE
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Figure 3. The spectra of (a) absorption coefficient “o” versus wavelength “A” and (b) Tauc’s plots of (ahv)? versus hv

3. @R “o” K L BIHIEFI(D) (ahv)? X ho B tac

K. Singh % A[25)# ik K&k %1 SnSe & Zn $57%(Sno.s7Zno.osSe~ Sno.ssZno.osSe)HLAAM Kl ]
XRD 43 #7 # B H 38 2 HLIE A AR SE M (SR ZnSe). BETTTHE4E7R, SnSe [IHLFZ5#ILL Sn-5s Al Se-4p
MIERFE, T Zn BARJEH 4sp PUBLE SR FRIGEN, BESCEM B, 25T LCAO-B3LYP #
FP-LAPWmBJ 77t 5 EoR, & Zn BB IN0%—3%—5%), M 1.152 eV 255/ E 0.510
eV, [FINZNEHELE T-Y/X A2 & Rt HISiHE 508 s R &, IEsea s i
KIPARES AR RE TR, FFRERY, Zn BRAMCEL PR TE SnSe #vitEfe, HiFFM
etk rp ) TR N H AR, TURTE B EIRINZS RIS NS 775 teah, MORHE SR SM-B/C B B e B
FRPE RARAG A L DailerEne, HE— D3RR 1 HAE AR BT 5 5 A 2RI AU P 7 FH i 5%

Imosobomeh Lucky Ikhioya %5 A [26 ]38 id AL = PTRRE AR I & R AE T SnSe KEHB A1
Blo TEF TR, 4l SnSe IS FEA Y B A B W AURL, 177 SnSe/Mo T TE BRR S Sil 35 14 K ) 46
BRG] . PRI BETT BT 1.50 eV~2.22 eV, 4B 4K M 0.1 mol%IE 2 0.3 mol%H), 7
RS 115,12 nm 3 00%E 121.17 nm, FHEPHZFM 6.011 x 10> Q-cm FFZE 5.400 x 10> Q-cm, HL S A MM
1.663 x 10" S/m $#&F+ % 1.851 x 10" S/m. HIFHZRFIH FHFEEE KIBRERIM X R LR A, HE
JEER IS BRI ARG, SR A RN BEHB KRR, BIHRE TR b SRR
Blo SnSe MR A tH G KB AIKEE EIHi S5, HHRBM R RAIE 4 PR
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Figure 4. Plot of resistivity and conductivity as a function of thickness (a) and dopant concentration of molybdenum (b)
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Figure 5. Photoelectric performance of SnSe NSs photodetectors (a) Net photocurrent curves of the detector under different
wavelengths (b) The detector responsivity as a function of bias and light intensity
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Figure 6. SnSe detector performance test results at room temperature (a) Light-dark current curve of a SnSe detector at room
temperature (b) I-T curves of SnSe detectors at room temperature
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Figure 7. Light detection performance of homogeneous heterostructure SnSe-Sb2Se (a) The cyclic switch rise and fall time of
the heterojunction detector (b) The switching time after stress is applied to the device

7. EBR LA SnSe-ShaSe HUSLIRM M RE(a) FEEEIRM R AVEIAFT X LA TRERTE](b) BRI SR FF
XA[8]

2024 4, Zhiping Ling 2915 NiBIL 5| N\ Ga B350, BIISEHL T SnSe B0 AL Z2(PEC) BRI 25 14
RE B RS T . SREGRIH, M T ALE SnSe, Ga #5244 SnSe UK &5 MG HLR % BE R THE 3.8 fi5(1F
1.23 V vs. RHE 4fF FIiAF] 12.7 mA/em?), Wi S B3 T+ 2 AP LT/ BR8] 737308 0.32 /0.41 s),
EEERINZR TEAH 5 % 10" Jones, HAEZESE 2000 JOGTFRAEIAEATIEREF 97% M0 aaVERE . 8L = 7 HHE i v
BI(HRTEM)5 X HHE6r TR (XPS) M HHESE, Ga  LAB B4R BEN Sn2 s hr i, SEURARIL
AR (R AR FR IR D 2.3%) I 51 K W35 kg AL o BE T3 B2 s ERIS (DFT) ISR — MR IR BT B3R, Ga B4
fd7 SnSe W HLF LM R AEATREUE: S RASH SR 1.8 5, M IR Ga-dp PUIESAL, TR
M 11 eV 450k 0.7 eV, (RN 2K EE RN FAT T S & B E o IX FhOBRARR 1) FEL - A 25 PR 5 T OIR
WG (T OB 2088 2204 1350 nm),  FRAEEIR IR RIETF 4.2 5. B0 A YT - HT R W,
59 5 F R/ PR AR IO S THT P A 8 PR P PR 2R IR AR 1/5, RIS EER N 2 MRS, A 8diH] 7
WMTFEE SRR 75K E - WAL - 1 45 8- 6 MR RE I 8 B RO R AL, TORTF R %
TN R I RS RIS T S M NG, CERRBER N AR A R S N T S A
B E N P /7. SnSe i Ga 5445 Mk AELS R an & 8 B,

(a) 2.0 (b) 32
—lA / . /
L 15 ¢ 0.6V 54 0.6V
g -l- SnSe 3 -l - SnSe
< 1.0 -@- Gagy;Sn ;Se S 164 -@- Ga)3Sng;Se
= ¥ -
z -A- GagSnysSe > A A -A- Gay(sSnyosSe
> —
% os -W- Gag,Sngg,Se T sl “W- Gag;SnggSe
g =
& = "=
0.0 ~g—a—n o =fi=8—a—8
350 400 450 500 550 600 650 350 400 450 500 550 600 650

Wave length (nm) Wave length (nm)
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