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Abstract

Tin selenide is one of the IV-VI group compound semiconductors that has attracted considerable
attention in recent years and exhibited promising applications in thermoelectrics and optoelec-
tronics. The controllable growth and characterization of high-quality two-dimensional tin selenide
are essential for the development of its practical applications. In this work, two-dimensional tin
selenide flakes have been prepared by using the vapor transport method. It is found that the size
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and thickness of the flakes can be controlled by the optimization of growth temperature. The for-
mation mechanism has been discussed based on statistical analysis. Furthermore, Raman spectra
obtained on tin selenide thin flakes with various thicknesses reveal a red shift for the in-plane vi-
bration modes as the thickness decreases, which is related to the changes in atomic interaction
and strain effects. The results provide a valuable reference for the growth of thin-layer tin sele-
nide and the understanding of its thickness-dependent properties.
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1. 5|15

AR, TYEERMBIIH B0 . B SRR SR HMR I SRR, BONPIEE 1.
MBS ZAZRHIUR B R X BMRLERA BREW, ENETFHENEEE, E5EZENAR
SSYEEAE T, AT DL WU R B S5 T A RS R . B R RN K B, R A (A
AR PRI 4, = A S PR MR SR AN R 0T, SR Bl B R 28 4 B FH 7 R e Bt
THHIME R A4 [2] [3] [4]. Afi4L#5(Tin Selenide) & —Fh B A EIREEMIFT IV-VI A A5 B S04 8
ARG S BB, B SR AE s iR, ZREZ0N 0.57 nm, Z N2 B IERRE MY
~ SRR T2 5 IR AT b R 0 kA 2285 11 4% 1) S 14 [5] [6] [7]. BB THE R I, SnSe ¥ fg 5 45 14 2 bl
IR AR, HHARM B AE R S48 0.9 eV, T ER R BRIE N A 1.63 eV [8]. SLIRAFFL AR I, SnSe
FAT AR TR R R, A A 0 i 3R 7 07 A G A R, 8 8 R AT A K 1 7 F A 1B
[9]. BbAh, HWLWOEHEE S 7 o] WOGEINTLLAME L EE PRI AT RH R H it S5 4t 7R T R )
L FHE F3[10] [11].

S SnSe (M AT RE, (HSELEAE T AR ML AT ) N 75 B o — R ARG, Hrhz —
E R R SnSe M. AHLL T B SEMEIL S, SnSe MZMEEEU/N, M HARK
W E A EAER 77, DIMESRss bl W E AR . H AT, —4E SnSe il 7 A AL E |
AARARKEE, A AR AR DR BA B (4 T A P AR K TR AR 1) 48 1R85 /T e A 9 iR e [12] [13] [14]. 4
4z A K S LR 5 SnSe RIS AR5 & . SEIIURTH RS AT R BE G 20042 . 0 Brdp b A= K LB RN 2544
Pk, HR T IR ARDT R, X T HES) N R R B R X ARGl Y S s i E T
SnSe AR, FIFDES RGBT 71 B8 DL R S0 H R RAE b, 84 KR EXS SnSe
R RSE . 8 EEAE EE SR, JEIE T AR IR E SnSe (4 B 6 1E /0 MrbhRHI G5 H A1 B 14T B 2 JE 1)
AL FE .

2. SR Tk

AR SIS K SnSe, B 5EHE SnSe BRURL LA R B A HE 1) 2 BERH IS 4 A CE T =X
PPN, RSP E RS T 12 Pa R NG R ERIIIHE ST R K, AR
BEN 100 scem. INFAGE—RIX 2 750°CAEIRMRL KK, SR IR IXIREARIE LI T 2R, LE R E
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£ 380~480°C JE [ N LA HARE, iCAAEKIRE . 4K 15 040 G L IR, $T 10 o5 3047 bRk %
Mo FEm P B 2 =S S ER, U RS . BE A e BB . R 77 2 Bt (Atomic Force
Microscope, AFM) L A $7 2 Y6 1% (Raman) & ek A2 K ke S kAT AL H7

3. HR5ITR

1 BoR THEKIREE 34 380°C. 430°C. 480°C 441 Hrihil % B fh e R B G . T LR 2,
PR IR T — ek RO I fr, H i, K2 BRI LT 75 R sE IR IR, X 5 SnSe
BT A B IESE SRS HARAT & . i BON TG DA RE SR S A KO, BT Rk
Guil. BEEAKRERTE, SRS S, d@ i e R g &5 3], £ 380°CHIE
KIRE N, WA FHRSRN 3.7 um; 1 430°C A1 480°CHY, “FHIRSFHHIEINE 10.5 um A1 24.3 pm. M
BIae v DUE 2, 7EARIR S0 T BT B & v RT BV B Aoy # 4, I8Id et 5 T 4378 380°C 1
ERIRETS, SREELN 25 x 10° mm . BEERENTIE, S RS>, 430°CH, #E R
54 5% 10°mm ;. $| 7 480°C, FESFRM L& NREL, #EEACN~89 mm™=. AT 0L, &AM
it T IR BHE 2 BER T B8, A T R K, RN S IE R RS R, IR &
B, SEUAZE B RRAR, TERTR IR R T SRR I g

(@ (b) ©

. &
A

30um 30pm 30pm

Figure 1. Optical images of the samples grown at different temperatures of (a)
380°C, (b) 430°C, and (c) 480°C

Bl 1. HKiBEA() 380°C. (b) 430°C. (c) 480°CHIFTHIZHERMAF R
HE%

TENG2E A R T DO B, A5 DT R i i s R R 6 28 B, 12 T i HL AL
AAFMEEGR . —BoRYL, RG] Rk, MbEEEEE N, Haa Ems. ®A1E
WU = FAN IR 2 4t FE TR 8 P AT AFM RAE, B3 IS0 B M B SR Bk n 1] 2 FToR . MBI AT LA 2,
wi T RAR IR IS 5], I BEN, R B S LAK R /NORL, G  B TR R B /b i SnSe 4k 48
DURRTT T BRI A1 o 38 3 v e 2 43 7 m] APt o 1 SRR, Wi 7EAR B S R, 2303207 10 nm.y 22 nm
168 nm. FELMH AFM MIEEHE L, A K% SnSe fi 5V F A LANK B 4k 5 0 A, &40 7
JEFER IR 10 nm PR IRH, 50 AR A 5 H et B 1) 2 A B, XA AR ERATT AT LA
SEAl S PG 0 R B R BEAN AFM DR R 0 2 06) L 5 B A A 34T B8 W7 o

BT REM ARM = 2200 525 5 FF oG24 BE 1 3 288001, AN 115 B3 ANRE it b o 1 B B 2 A AR
Wl 3 fion. gt BT OB E B F AR K& T R EE AR, ST 380°CHIAEKIEE T
JIr il #& B i, SnSe JEFEZ A fE 5 nm~40 nm ] 430°CHY, &8 JEEER N, 354 fE 40 nm~60 nm;
MG ER T A 480°C, TR RHI & TR A E) T 90 nm LL_E . iR B R EIRAT R A K R SR —,
S AT DB R A S I PR R R SR A O . GG TSR T T A, B AR IR Y
ThaE, MRV FEA R FIER RN, It TR AR, 8 AR R RS R R B R BT . Xt

DOI: 10.12677/ms.2024.145081 740 PR R


https://doi.org/10.12677/ms.2024.145081

F5E

b 380~480°CHIGETHEE A, @l v PRI RS R T 20.6 pm, 1T S FEAH AT 400K, - i A= R R
JE R/ TR A RT RSEK, R M A e se AR AT A

Figure 2. AFM images and the height profiles of SnSe flakes
[ 2. SnSe @& A #Y AFM EIfR K H B R RAE
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Figure 3. Histograms of the thickness of SnSe flakes prepared at temperatures of (a) 380°C, (b) 430°C, and (c) 480°C
3. EKIEEH(a) 380°C. (b) 430°C. (c) 480°CHIFFHI#E SnSe f HHIEE it

LSRR WM BERIETE L —, EHEMRYGE ., BRI MRERTEH, JF EX R BEUR, A
WEFE SRR AR G MRS AL T — Mo 20T Bro AT Pl 2% AOAS AR 2R SnSe & v 7931 ik
ITh 2 RAE, PrASRIh 2ot nlsl 4 FroR. SnSe BA ZIRIEACE K, HoAn LI oo (T £0) BRI A
TR LR 7R N [15]:

['=4A,+2B,, +4B,, +2B, +2A,+4B,, +2B,, +4B,,

Horr G048 12 Fhhr @V PR 4A + 2By, +4B,, + 2B, , 9 FHZLAMETERIS 2A, +3B,, +B,, +3B,, » HiR=
FifE By, + B,, + By, AT FII[16]. 5246 FTITE A H 2 W26 T 4E 70 cm ™. 110 cm ™. 130 cm ™ I
150 cm ™ PRI WL PY S B B ARFE VS, 23 KR T SnSe ) Agts Bags Ag” LK A PUANRL 2 g A, H
AR A BEUR TSNS, Bag Ml A BIE T RSN, Hughr o2 2 ERE ., IR RIN 1155 K &
ST ASAK[16] [17] [18] [19]. A 1 8 JE BEXT Hohy S RRE s, [ LU 1 E =FhAS A SR FE I v |
MR B2k, TTRLE R Ayl Bage Ay A TUANRFAEUE AT WL, X T EREA 40 nm (dh A, 3
WIS 5462 T 70.0 em . 108.3 cm™. 130.6 cm Al 150.1 cm L &b, 25 nm JE HIRE S ERIE I AL B A B
B BN 15n0m B, LR AR A G SREEARMRFEARAS, (B Byg Al A W43 HIFEAR
BTSN T 22em T A 2.1 cmt, HUELAE 106.1 cm A 128.5 em Ak, I HLBEE E R RN, 1S IERS A
JE g, XFELELEE S 40 nm R 15 nm ISR, Bag UEMF R 8.2 om N 10.7 em Y, 1 AgP B
I SE H 9.6 cm MM 12.1cm .
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Figure 4. Raman spectra obtained on the SnSe flakes with
different thicknesses

& 4. REEE SnSe & R HIhI 8 K iLk

SnSe J5L R A5 1k 5 B B 06 (L [0S B RN I A5 A 3 B 5 57 TRDA L 04 P A5 A LA R 87 A3 207 5 DR 35 6
T SnSe Z5HI4% [ S, Sn il Se BTV FIE A b AT ¢ BKIIRE, 4 BIFIA Bay A1 A2 WA
Ko BEE RN, 2R B FIRES, SR ASRS MOrA T, T P SR8 439 BOm 39 [20], M
SHYRBNRI I BT, AR B AL T BB XN R A AR 25, sl )z il s
IR FOSAR RS (0240, HET S50 2 M B R B B . T RE 25 5 52 B ) 4 P v sk
THMEFREA A SR (R A R RS (S, A3 P TR I e i A A B8, RIUNRL G TR TE. It
gb, BEA R BERIIR/AN, FE AN R T ok 3 R T B, 3 X £ S R /A0 SR T
HARFRES SAM A R AR, I HE 528 GRR AR, 555K mas, W7 s
TR A S RTE . R AR 2 5] Rkl T G5 M PR, AT S P T 5 R b R 30 2 1A fr A
ERT, R SRR A . R ERE R, i T T BRI RAE 4 FT — F THA 1E FR,
IR T G, SEL R IR TE N . X R (454 1 F 443 SnSe eI R BB SR, R
B T PRHE SO T 0 2B R . SO B BRI S TR AL T 26 TR B A AT -
TAIELAE OB RS B, O T B AR P 7 8 S
4, B&E

AR FH Y E SN IS VA 445 20 T R 1 SnSe &b Fr, R SEIOKE LRI GE Ty B e B I 4
ARSI A B RS AN B FE T B R A AR B AT A%, IR AT A A T et YA R
FEA R LIy B, A58 A RS AR ST g i, LRI M R S B K 4708 . it — 2B A
P HTNFEE SnSe ff A OSSHIREE, RIBEE EREMIIRD, WLkrh By M1 A BEURAELLH,
I BT A T8, /AR 2R th T HR A AR . RN RAR LR T - A i A A R R AR
RN . ARSI TR SnSe IAEKIEM T2%, JrIFH S0CIER A HrbhBHEE H R 3 A R 5
FERIAAL, A BT S B A A E PR R P O ) B A5

&E 3k
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