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Abstract

Tin selenide, a newly emerging two-dimensional semiconductor, has attracted intense attention in
recent years due to its excellent physical properties and advantages such as earth abundance,
which exhibits great potential for optoelectronic, photovoltaic and thermoelectric applications.
However, the controllable preparation of two-dimensional tin-selenide crystals remains a chal-
lenge to date, which hinders the in-depth study on its structural properties and practical applica-
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tions. In this work, we demonstrate the successful fabrication of large-scale and high-quality tin
selenide flakes by vapor transport method. The effects of precursor and substrate temperature on
the growth of SnSe have been investigated. The photodetectors based on the grown SnSe show
good performance with a broadband photoresponse in the wavelength range of 250 nm~1100 nm.
The results provide a valuable reference for the controllable preparation of high-quality tin sele-
nide two-dimensional crystals and the application in optoelectronic devices.
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1. 51§

AR, SRR G S Y PR R FL AT (1 B G5 AR RN, O £ 5% R
FIRFFE L] [2] [3]. St &ML, IV-VI EELEUM B R cREEEE . RAK
Jie DA B R IR 858 AU S A0 a5, AE T Ak B AN AT R SR S R A 45 BRI #4541 [5] [6]. 4623 (SnSe)&
IV~VI ERAEYFRAER IR, CRARIRGW, HZENET DS RE & R A KB B8 e
LEE) Sn-Se MR T2, EEHEZ RNKSECHE TR EH MBS, W28 0.9 ev~1.6 eV, Jf
HLRT D SO AR R R Bk 0 483756 05 S AT IR 7] [8]. SnSe AT LG H A AR e AR LR AN PR )
Wi, AR TG BRI A G AR 284E 9] [10] [11]. [ERS, SnSe A BARAIM SR A MABME, &
— R SRR R [12]. BT IR AR HE. SRS, SnSe ZE T —ARAEL T LA
P HL S B I FH 7 T B AR ORI 71[13] [14].

HAT, A0 P T 42 ) 54 AT AR LR BT 0 R B A I e e 75 0 P D el . Xu 25 R FH
SR A% T S8 50 LR R T SnSe W, BTG R BRI 25 BAT MERSE - T - A £LANE A I
AR B[15]. Zhao %5 A FI FPIER S A AL HETE 2 B IR B4 T 1 um~6 pm f9/NUSF SnSe & J1[16],
Wang 55 AF AL SR TTRE R4 1 SnSe 9K F[9], X 4L "4k SnSe HIRIL 1 RAFHDEHMERE, (HR
SHBUINIR ) T SRR o AR SR AU AR UL B R AR R R, il AT SR AR B DL AT R
ESEF LIRS A, WS EIE R ER SnSe —4E &t i, M RSP IE E oK. #— R IR R A B
2B ST R 2 AT B BT A% I 4R AL I S MR AT R AE AT, R RIVE SRR IOk
ML RE, 45 SRR B P 45 1 —4E SnSe AR M4 d i &,  HX T 250 nm~1100 nm %K RE 3545
R, RIS R I R o

2. SR Tk

A SR =R XA S AU R Godk AT — 4k SnSe 14K, S8 B 5645257 SnSe M A X A T
B TE S IR, AN Se Y5, WPRIHRCE T —IRIX, HiEE 0o BHE AR, BT SnSe
AR 10 cm AR =R X, BEfEE A SEE, KE N AR 10 Pa BLF, FRIEA 100 scem G AETS
ENAETEE K, T SSREAN, SRR 10° Pa. BENINAFEF, K8 —RX W)
INFAE 330°C, B IRXMMAE 750°C, F =RXMAZE HiriRE, WEAKN KN 8 min. AKEH)E,
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KUMARGE, STI e AT DU R . AR R By SN OGP, B e, FUAD G2 B, 3t
5 AR R 2 (Raman) S5 AR G FLA5 A4 1R BT 3k 47 R AE 3 Hr

B, FIFRILE R o~ B R ¥ SnSe 4 d R 22 SilSIO, K, R LHMEOLES
AR 7 AR J7 24 CriAu (10 nm/50 nm) LA, A FH = AR 23 (ORI R ARG 1 i 132 28 G5
IR BRERREAT H 2 PE A FE P RE DI K

3. GR5ITR

B LS5 H T 5L SnSe ¥y AR AE AT IRAA, 7E 500°C ~580C it [ 3 A Al 4ef JEG B2 T BTl 46 1 IR0 2
BHEGR. TSR], =B RRIE L HCE — LI GG I BEU K T TR BGE TN, X5 SnSe [ 1A
SERARYI G, A d R USR] B A PRI S AE A R T, 7EBRIHR Hh BL= AR EEOIR B S B,
ke 1 FE kR fE 500°C~580°C (IR VG A, BEEA IR AT, @A RSIZRD R, i
X HA ) RSP REAT e vt el A0, 4E 500°C AT IR E N, di i BRI RS 29709 19.3 pm; 44 iR FE 2
2 580°CHY, PRI IAF] 41.6 pm. HUET WL, & AT EATRIREL, A AT AT AR AR A AT R T
HIORIES fy, AT K Tt A R ) RS
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Figure 1. Optical images of the samples grown at different substrate temperatures using SnSe
powder as the precursor, the scale bars are 100 pm

1. LA SnSe {ERRINRIF, ERRIF RIEE TAAH & REEFE BHER, BFFRR A 100 um

WHFLR I, JE I SRS L nT LA AR B S AR [17]. DRI, FRATTIE I 7E H 9 A Hh R A R )
77 UG 8 5 Se ELB], E S MRHMEK RN . S0 e it 5 E T 28 — IR IX 0 X, He
SIS SHURFEAA, IS/ ARFERIE 2 k. WTUESR], AR L REPERE T VT RAR I & A
T B A B — SnSe 1N RTIRIARRISE SR, 5 A RSH R38BT AR o HAds g RS EAT I B S -t &) 3(a)
A AL, 7E 500°C AT RIRE R, A TSRS Z08 202 um, 5530 SnSe Ky A BT BRI 175 i A1
i, BRI, 1 2 H050 AP O ST AR R T U RIRE Y 540°CHE, & v 1P
PIRSFZ8 49.1 um, 24K T8 1 A 580°C i TS it H 145 ) <)o
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Figure 2. Optical images of the samples grown at different substrate temperatures using
SnSe and Se powder as the precursors, the scale bars are 100 pm
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Figure 3. Plots of (a) Average size and (b) Density of the SnSe flakes grown with different precursors as a function
of substrate temperatures

E 3. ERARE KRR AFHI & SnSe & A E9(a) FHIRTH(b) BEMEKEENELXR

3 o 1A R AT SR A AN AN [ 4o SRR BE 2% 1 T el 2 SnSe i A BRI AN B GEih e pr i 21, S
X T RIS R BN E RS NI i B 6 AN A XS AT A AT B NP . AN ZerbaT LR
i 7 3], A L T4 5 — SnSe AE T IRAR I SL I8 45 R, 7858 — I X IR Ja » B Ao SRR P A3
PIAS i A 1 25 ROSE S0 A ol AR (a5 S N B2 . 6] SnSe A1 Se M N AT IRARI, fE
500°C~520°C IIAS IR EE T, BT i) it 8 R ROR, BB IR KT i, S SR At JER R T PR 97 AR el
R R T 540°CHY, R RO, T B T B A, FE MG/ T LS — SnSe 15 9Tl 914
fH0L. TAE 580°C HIATIRIREE T, S F-FRIRSTIAE] 87.9 pm, AHEL TRl — 2% A48 R ADOARRY I e A4 F)
FPRIRSER T — A, TN K T SCHRA AR IE R 25 3 [9] [16] [17] [18]. FT W, 7EARKIS R i& 4% & Se 1)
tepil, AT SnSe MMl A4, ANTIZRAS SR ) USSR 48 7
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SRFRAE BT £ 16 4 & 1 IO S5 1), FRA B IV e B o = B IR R 2 A W 1, FR3R18 3L
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0.43nm, ¢=0.40nm, 53CERTHIER b=0.44 nm, c¢=0.41 nm HIT[12].
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Figure 4. (a) The selected area electron diffraction pattern, (b) Raman spectrum and (c) (ozhu)l/2 -hv curve of the grown
SnSe flakes. The inset is the Raman map of Bz band intensity

B 4. Fil& SnSe @) EXEFETET. (b) RIBAEM(C) (ahv)”-ho ik, HERHSBEDME

L 2R AR A B B A B JEAT AL, 13- 2 P A(b) BT s b 2 12, W] LU S S 7E 72.4 cm ™
106.5cm ™, 126.1cm '\ Fil 149.8 cm " ML VU BI AR S RAEWE, 43 A% BT SnSe ) A] + Bagn A
A AL JRENHE[16] [18]. LEHL Bag RFAEIENS &y #E 4T 4L 2 58 mapping 96, A3/Wn1% 4 drds P st B
%o ATV BIEREA 5 R YO A L 2 R AT $ 5], SRR KA SnSe 4k & v HA B 45 i i B
MRLFRE SN sk, FATRA T INR T Bt . w8 a4 i S, JLAkay
B BE AT LLE I (o)’ = A(ho - E, ) MEATHSE, Hod o RIILREL ho ROE ThER. 1F (aho)’? Bl ho 72
b &l A(c) B, MHTZRIVIZAE ho il b RO#EE AT A9 0F AL 45T 90 Eg 299 1.45eV, 5% 2 SnSe
it B A 5 [8]
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Figure 5. (a) I-V curve, (b) Spectral response curve, and (c) Time-resolved photoresponse of the photodetector based on
SnSe flake

[ 5. T SnSe @A HIMERIEIRNZZAI(a) I-V HiZk, (b) SLIEMMRZERZCAN(C) TRERNMRLEH L

T SnSe 4L ARG HLIERE, FATRHLFLFE 2 SifSiO, 2%, JFAIHHOLE S M 1
HALHRE T CriAu b, i 5 s iR EI R 158 5(a) i 1-V Retk 2 SR AT ATy,
RUIEJE S SnSe ZIAIFAERE RAF AR L. BE— DX HOG Ik REEAT I, fEThREEDy 25
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mW/em?® 56 R, B AR FE 250 nm~1100 nm KGN A IR, A& 5(b) . R EAEAS K
SRR G S, 4 H)E L 365 nm. 405 nm. 760 nm. 850 nm KGR, $RAS HAEER i S i 2%
Bl 5(c)Fm. FTUAER], fEXSP KT, Bl 4 SnSe 35 %7~ th B U (17 5 RE I AT )
PEIFRE M T Hobma RS ER i £ T APPSR 2% 00 A IR R, DU A I o rRLI KB 109% |
F+E| 90% 2 7] ) s 7] i) B A 320 e mg R[], Hordpxd 7 365 nm Y6 HE R B E ] 254 0.06 s. R4
R =1y, /(PS) AT LATH S AR AR MM R BE, 2Xrh lo O HUAL, P OMASTIETIR, S MIEKEA. Hrh
£ 405 nm K ROEIR T, IR EE N 12.74 mWiem? I 3$4E 6 R EE 208 15.1 AIW, AT SClik ke
) SnSe J HLAS A 1) 45 5 [9] [19] [20].

4. B

AR RV SARSIE T3 AT T 4R AL B A AR AR, 55 T AT AR R JER UL A SO AR K
SRR ILIE 24 A SR TR LA SN = (A B LEAT B T SnSe IO A, il A3 BCRST R BE SnSe
TS T, KBRS AR EROK . S EE S . LR R DL o B T AR i R 3R AT
RALIIHT, UESE T Tl 4 HORREEAT B 0 45 5 B o 0t — 2D ST Pl 46 (9 SnSe 4 iy v 5 @6 r 23 4F
IS R W HRS TR - W - 2L Ah 58 0 v B RO I W R, JRREL I R A e BReE, 3
HOR T 405 nm A BRI 82 BE 279 151 AIW e AR ST 72 A g v o B A0 A 893 1 mT 48 il %
HAL AU IR 7 2%,
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