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Abstract

Tin selenide (SnSe) is a typical two-dimensional semiconductor material, which has attracted ex-
tensive attention in the field of new optoelectronics due to its excellent electrical and optical
properties. In this paper, SnSe thin films were successfully prepared on soda-lime glass substrates
by electron beam deposition technology, and related tests were carried out using characterization
equipment. The effects of different temperatures (25°C, 100°C, 150°C, 200°C, 250°C) on the phase
and composition, surface morphology, transmittance and absorption rate of the obtained films
were studied by temperature treatment. The results show that the peak intensity of SnSe decreas-
es with the increase of temperature, and the peaks of SnSe; and SnO; appear at the same time. In
addition, SnO was initially formed and gradually transformed into Sn0O; at 200°C, and the intensity
of the Sn0O peak completely disappeared at 250°C. The absorptivity of SnSe thin films decreases
with the increase of temperature, and the maximum absorptivity of 1.4% is obtained in the visible
light range. The absorptivity of the five groups of thin film samples is below 1.2% in the range of
900~1400 nm. The transmittance of the film increases with the increase of temperature, and has a
high transmittance in the near-infrared region. The transmittance of all samples in the visible
light band remains below 25%.
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[315F, HR N BURMEE . REGRAMEM ZT EN A NES T IHRE, IR BB Rt Frid
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Xt BE ) F R R DS AR 5T N HAEIRZR I H 617 1 SnSe #4 K. SnSe J& IV-VI AT B SR —
R[5], BIHACRRDCHRIERE . ToFEvE BRI A RRIAR X 3= & I 35 B oA 4 e R 4 AU R AT 98 4
MR FLEA IEAE R ARG H[6], PRIEAPH B8 Ftb A 1R KB FH AT 5o kb, SnSe & —Fh p &Y
A, HBRUE H1(1.0~2.0 eV) H s R SR 2(10° em ) HARAIE T XK BRER ST LT 72 &M (7], EH T
HARAIHK . 7E Sn-Se 1A & (Sew Sn. SnSe I SnSe,) FAELEVUFFE FH, { SnSe AW A I AR H 1IAH L AL
T D8] AN S A5 O T LA M R A AE, B SnSe A1 SnSe,o (H A —LEHF 5T N SILESL
P g3 7 =FAH, B Sn,Ses [9], it SIS AT H SnoSe; X FHAH N SnSe 1 SnSe, &N

LA, T SnSe HLgh 1) ) VEREELZE, R E KSR MG, AT ORI ST, 1T 2 &k SnSe [
HIEEBHIES, H ZT X8 SnSe /MY Z, MELAEZ & SnSe H SRt 7 L PERE . DA LA
FON AT AT H AGTE] 7 SnSe . SnSe ALK BHEE HLML[10] Y AL B[ 1 1] PR AR 12]
AHASAF B 2R 1 354U R B 7 T2 S Y, 0 Farid 258 [ 14158 F FLITRR T R TRR G K 4519 1K) SnSe
W, WEFT TN PO)FIER(Zn) R LA RDARPERE AN, ZEB 4T BEAANB IR I =G O T 73l B 0.23%.
0.42%AH1 0.06% 25 . 45 REW], {f Zn 5% SnSe W4 1K FHBE F it 23 (T HoAT S8 s I BRIk
MR B S (1 3%0%; Behnaz 25 A\ [15]38 R FH AL K SnSe GKFIRLEIE, T IR ICR FH O,
FAYERBHRE FEIE A (IR SZ o SEIEJR T In &5 FIREEREINT SnSe SR FHAE I IR TR IR, 3k
5 0.36% M SR, Faheem K. Butt [16]1%5 AL SAHTURRIE(CVD)HI4S 1 R B0
SnSe 4KLk, APKRLEKER KL ROk, P EAN 30~40 nm. WHEAIOEEMERE, SAIDGIREH
FEAE IR R ORI e m T 4 fi5 . 320 IR SnSe GKRLRTEGARAN G2 B4 J7 TH 1038 77

TR I BE 32 ) 26 TV . H AT CRH 2 R TAREOR T 4 1 SnSe B, 3= EAFEAL 2 SAHDTR
(CVD) [171RE S AV (PVD)FI K267k, CVD L EEAFEPIR[ 18] Wi #AME[19]. JEF 2T
(ALD) [20] B A #2115, PVD A48 W42 DR S [22] B B SAHDTRR 23] Bk O UTRR B (PLD)
[24] 43 HRAMEMBE) [251F1# L2615, HRIEAS B HIUTRAE A B i) £ H 1) S B 0 tHRF A ]
) FH 2 WS 1) 2% SnSe T 114 77 32 ELAT A O RR T B2 AT BE 25 o). AORLGE BV I T S 0 o, (H HL R
RAARE I, BN B A BEM IR 2055 o AL 2 SRS BT 4l ) 2 1
A ARG, B ZRIEFEI0 A (H SR A = e %, T B FH IR S S JEORER a8 A — € IR ik
SN JE AR ke BIESCE B X ANEH T SnSe M MH & . MERIZEGEEMTES, Wl
JEGE A, WIS R L. AE R, T HARTT e RERESIL A, IR BB s AR OR AT DA i
PR YE . DRI IE 0 b 25 Foh B o £ BRI AR BB s, AR SR H - SRR BORAE VS B B 4o i o) %
SnSe A, T T AR XS EEAR AL RO o TSR E 2 PR RE B2 o

2. SCIEERSY
SnSe BRI &

AR ST FH ) B AL 4% A AT Y R B A BR ST A w1 2B P~ 228720 BUAR N A BE L, Wl 1 At
Re ZBBAHETRG. TR, BTHAR. HEERE RGN HR. MR THESERA
ARRFA, BELIINETFIHRSG . (EH]% SnSe RN, LB FIFAH B, AT AR IR 259500 7 1)
BRe, PEEEB BT, AR T RE RIS 7.

T2 R ST A 25 mm x 25 mm x 2 mm POENES B . AR AT B I 2 B K. IRERATTE K 2R
R FE G BE 20 min, R LRI PR ARG B, EHEERAERE 3 IR AR TR . FIH 228720
0 B B FEATLAE T PR AN B B AT IS B UTRRII A 5 i . AEAR TR 26, BB B T 234
# 1 PR, B IARES, P —dRRE T =R 25CH, KB RAINYLREMS B E T 100°C. 150TC,
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Figure 1. ZZS720 vacuum coating machine diagram
1. 278720 B E T HE AR E

Table 1. Main process parameters of vacuum coating
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Figure 2. Raman spectra of the films at 25°C (a) and comparison of Ra-
man spectra at different temperatures (b)
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Figure 3. Absorption spectra (a) and transmission spectra; (b) of SnSe
thin films treated at different temperatures
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3(a) WA R FE X SnSe {8 FEIR e R Bl % 1 35 Bl 380~1400 nm FrIAS {1k ph 2% o @ik il 28 A b ] LAAS
HH T B P R S 2 o A B PRI S T sk, P s PR B e MR A v i g K I BB B A T TR
i, ML R R, SRR SR SRR, T AR R B . N 3(a) R R LLE iR
JEAE 25°CIF, SnSe #BEAE 380~900 nm % By [l W BAABGE ISR, fmnlik 1.4% 454, £ 900~1400
nm P BGEE A SnSe KA BOR AL . SnSe 1 5E F T ABHAE Fit . 41 B8 1 e yth A6 AR S5 Ak
W R AL B SnSe WE, BEETREAITFE, SnSe HELE 380~1400 nm i By HE P W R B T PRI,
L ROR SRR AN G, O T IR BRI SRR, Bk SnSe EREEAS 7, T EAE SnSe WK N
B A T A

ARG FE AL BRHT J5 SnSe WL IFZE L 201 3(b)fzn . M 3(b) e DL i, IR % I 26 B A6 R
T EE R, HEBEET AN A R s, sk 70%/A 4 . BrA FEaLE 380~1000 nm BT
B A (1033 3 RIS FE 25% LR o 3B i AL TR SnSe T, BEAEIRZRITFE, SnSe HAE T HIIL T SnO.
SnO, W5, SnO 5 SnO, HIFFIK T SnSe ISR, KSLIER BT 7724 T XY, 74 i SnSe
ERAE I LA XA BRI R e, i s IR B i 26 . DR E AT, SnSe B R S 2R AL I 26 5 il
JE T 1 e T A AR S R AR A O

3.3. MRS

TESE JE B IE BT TR E BREE MR . Rk, R T BAB(SEM)ITTE 1 SnSe 7
RIMEHL FEa ) SEM BT I 4 B, WA 4T UG, EBOMEECN 5 TIEHIE oL, #ia T
AR SnSe IR T I A A JE K1 160 328 3 6 o /0 B 2 bz, R 24050 1 3 ELRORE K /N 2] —
RURL IR BUE HEA , TGRSR . SnSe B 2 BLRIRX AL, AF T8 TEMBE Ty iich, 5=
PR IR LB o PR ot PR S FE AN R, At R B 3
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Figure 4. SEM images of SnSe (a) at 25°C (S1); (b) at 100°C (S2); (c) at 150°C (S3); (d) at 200°C (S4); (e) at 250°C (S5); (f)
SnSe thin films deposited on soda-lime glass

4.SnSe (a) 25°C (S1); (b) 100°C (S2); (c) 150°C (S3); (d) 200°C (S4); (e) 250°C (S5)AY SEM Elf%; (f) EEEIKTE
LSRN SnSe SERESCYE
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