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Abstract

In this paper, SnSey thin films were epitaxially grown on BaF; (111) substrate using molecular
beam epitaxy (MBE), and the regulation mechanism of SnSe and SnSe; components in SnSey thin
films with substrate temperature and the Sn-to-Se atomic ratio is systematically studied by means
of Raman spectra and X-ray photoemission spectroscopy (XPS). The results indicated that with the
atomic ratio of Sn/Se = 1, both SnSe and SnSe; components are present in SnSe, thin films at the
substrate temperature of 250°C and 300°C, the enhancement of the substrate temperature will fa-
cilitate the formation of SnSe in the film. When the substrate temperature is increased from 250°C
to 300°C, the intensity ratio (Isnse/snsez) Of the Sn 3ds;, component peak corresponding to SnSe,
SnSe; in the XPS is increased from 0.23 to 0.54. Further research results show that the ratio of
SnSe in the film can be more effectively enhanced by increasing the Sn-to-Se atomic ratio in the
growth process compared with increasing the substrate temperature. The XPS data showed that
when the Sn-to-Se atomic ratio was increased from Sn/Se = 1 to Sn/Se = 1.02, the intensity ratio
(Isnse/snsez) of the Sn 3ds;> component peak corresponding to SnSe and SnSe; was increased from
0.23 to 2.38. The researches in this paper will provide theoretical references for future controlla-
ble preparation of pure SnSe phase.
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AR 5 FIRSMES ARFEBaF, (111) 4 & L% T SnSe &K, 37 F 8 4RI X BT REE (XPS)
XtSnSe, B SnSe. SnSe, A HIAZENIEIAT T REM A, MALRRPLHMIE T LESn/Se~1
i, BA250°CHI300°CH iR EH] & KSnSexi# I FEAE SnSefiSnSe. A A 4y, IREBHIEEE¥RERNT
HWRESnSe TR, M4 RIEE H250 CRER300°CH, XPSH5SnSe. SnSex#AXTRiffISn 3ds/ 204
U FF 5 B o Isnse/snse2 H0.231RTH 2] 7 0.54. BF— PR ERRYE, SRRESREEML, @i R4
KR G R T b R T A RO IR T P SnSe T L], XPSEIE Bon 44 R T L R HiSn/Se = 132
i ZISn/Se ~ 1.028f, 5SnSe. SnSex XIS 3ds/ 24 7318 138 BE Hlsnse/snse2FH0.233R H B T 2.38.
AR F R4 J5 2 SnSe A T 45 & SR B AR IR .
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1. 5|8

H MLE S5 b Se B 844 (graphene) (I £ LUK, —ZERPRIOTE 7852 2 1 L2 9RIE11] [2] [3]
[4]o SnSe A UL ) — 2k FUIR 2 SR KL . iR T, SnSe J& T Pnma #£fY GeS %} 77 i & (orthorhombic),
2 p MG HAFE, SN a=11.49. b=4.44. c=4.135, %P, 82N, Snfl Se JR
TR DAL B I 77 sOY SR BB S5 M, E S5 EE S ESEmAY . AR —F, SIS T E N 4
Z[5] [6], Sn* 1 5> POk L T 45 #4) k4T JE 57 18 A8 (anharmonic bonding) ™= £E 7 ~F i (0 38 5k
#1715 SnSe MIFFHIRML, I LJoFE. (. MEFE MR E 54855, SnSe O A VNI
FE IR S G IR R B 7] [8] [9]0 4R SnSe 7E A it #2 H i £t SnSe, #H, Ff# SnSe 14
REXFTHTIN[10] [11], H HATEFR X SnSe 55 SnSe, 814 2 HI 5 S5 AF A — E W4, AR EFE AL
BEMGANBAAA, W0 Guillen 25 AR HKIEA FIT SnSe MHAIFH[12], 1M Fernandes &5 N #13% H =ik A& F+
SnSe HAIEMK[13]. AL, ARSCERIH 5 FHRAMES AR B % SnSe, HiE, R G0 FA F] 1A KR LA
Bl )5 ¥ LL 3 X SnSe SnSe, PIAHELHe AT HLIE, 4l SnSe AH AT 2 il &AL EA KA

2. LW

SnSe, 85 (4 1] 45 A2 7E [ R 5 2 F SR AN AE(SSMBE) M i L5 RGP sE i, REASE T 1.5 x
107 Torr, %SG BARREA WSCHR[14]. Sn. SnSe [ERVRZALFEI N 99.999%, 6K F A T FHg# 1)
BaF, (11 )fFHEM . ZMEAEKRT, BaF, (111)4 JRAEZERE 2 DL 200°C (UM EERLRE 40 4380 7 47 DL BRIR B K
9, Y4 BaF, M1 DFEEBRIAEKEG, BN 550°CIR%F 10 min, LAXS BaF, (111)4f KT
BE— B HERACEE, HREEFEE v Ed RSB RHEED JHAT RIS, A A2, J8 i s #l
Wi4% SnSe A Sn AR/ KA B 7 L3, AR EMRSE, BT Dektak-XT & MO R R, il
% 1) SnSe, HIEIEFEYI N 15 nm. AL K e 7 iE i PHIS000VersaProbe X 1285 HLFRE I (XPS) &
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Horiba HR Evolution 06z &2 6180, XPS f# 2 Mg K Ka (1253.6 V), GRS i -h 4 H i
Wt N 532 nm.
3. ER518

I A T U S RN 5T E 2R X SnSe, BZH 2 BISE MR, BRATDO AN R Aok SRR S AN [ 855 i
T EEZ T £ 1) SnSe B REAT 1 XPS HIMN, BN AT DR AT 8 H B 1o R R AT 1R
DL PR R T AL 2, RS Ranle 1 Fios. B 1(a)s B 1(b) Al 285 Tt Sn/Se~ 1 F,
PL 250°C A1 300°C 4o JEC T AP ZE A K () SnSe, AR Sn 3ds, AT Se 3ds, (5751 XPS & 1&, 14 1(a) R B ATTH
e T R i B0 AN [E AT JECHRE R IR S 3ds (ST THLE, 193] 745G REAL T 485.8 eV 1 486.5 eV I
P2k B, XM TIELE A4S A BE2 )5 SnSe Al SnSe, ) Sn 3ds), LS 45 A BEMIXT N[ 15] [16], 244 JE
TREEM 250°CHH =% 300°CHY, 55 SnSe. SnSe, HHXF BRI Sn 3ds, 2H 53 WE KT HRFE LE Tsnsersnse A\ 0.23 $2 51 ]
T 054, ZEEREN, 2 Sn/Se =~ 1B, LL250°CHI 300°C At IR B 4 1) SnSe, H#EIILL SnSe. SnSe,
PSR 7 RAFAE, R I el & R SnSe HIELHI. ] 1(b)H 45 Hi 1) Se 3ds), S UERE AT
JE IR FE AR S T — P I A R . W 1(0) AR, UAIRIREE M 250°CFHE B 300°CHY, Se 3dsp
O RS RS A Re i i AS 7 #0031 eV, IXZHT SnSe, 111 Se -1 1, SnSe H) Se A-2 ffr, 7£ Se
3dsp A XPS Wi F, 55 SnSe ZH 40 MHXS R 45 G BEMAK T55 SnSe, ZH 7 AR RII S5 A 8, Se 3ds,
AN U RIS & Be v ) A i3E— 22 U B 1 =i NS SnSe, B SnSe 2H 43 3G
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Figure 1. XPS spectra of 3ds),; (a) Se 3ds;; (b) core-levels of SnSe, thin films grown at different temperatures, and XPS
spectra of 3ds),; (a) Se 3dsy; (b) core-levels of SnSe, thin films grown at different Sn-to-Se atomic ratio

B 1. TEEERE TE KA SnSe A% Sn 3dsp; (a) Se 3dsp; (b) B7ASHI XPS it E, RARGHEFLERTEKDN
SnSe, SEAE Sn 3ds,; () Se 3dsp; (d) EZSHI XPS #E[E
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1(c)s F 1(d)N 250 CATRIEE . LA R T EL % Sn/Se = 1 Al Sn/Se = 1.02 #MEAE K [ SnSe, 7 i
[ Sn 3ds, 1 Se 3ds,, LA 1) XPS HE K. FRATTFFE A i i AL I 26X Sn 3ds ), 3347 TS, 55 Sn/Se~ 1 A
b, Sn/Se = 1.02 B}, Sn 3ds, SSAILIUEH TG REALT 485.03 eV, 485.8 eV H1486.5 eV M =k T4k,
X =4 T I45 A 682 51 548 Sn.SnSe F1 SnSe, 1] Sn 3ds, 45 & BEFIXT B[ 15] [16] [17]. #:4h, 55 SnSe-
SnSe, FHX B ) Sn 3ds, ZH M58 FE EE Tgusesnsen M 0.23 3REH) T 2.38, ENZHSYEE L T R HI B, [F
I, Se 3ds, HIASZSIE RS SR MAL 1741 0.51 eV, WL, ANEA KRR i 8 hn S J5 5 b (1 7
A KIEEE IR F- SnSe, R SnSe & &, Mid®=R Sn AEZKEEY SnSe, 45 & 440K SnSe, 1M & LA
%8 Sn 17 AELE T SnSe, HWE

i BN R SR XT SnSe, WIS H SnSe. SnSe, PIAHATTRTEHLER, FRATOAS A 26 £F T i1l 45 1) SnSey
WRREAT 7t PO 2NN, AR 2 s, 8 2(a) Bl E 7% Sy/Se = 1 K, BL250°CHI
300 CAHIIRIRESMEA K1) SnSe, WM IR 0 HE, RIELEL, 8 2(a) P74t 144K BaF, (111D)HIHL &
o AT LR B, AR IR R %) SnSe, {II7E 37 em . Slem™ 67 em™' s 108 cm ™'\ 155 em ™'
183 em™'\ 241 cm™ A HU L T AN B B Ay B U, H A2 T 37 em™ 51 em™. 67 em'. 155 em AR
Bt /> S5k [ SnSe 1) B3g. Blg. Alg fl A3g fui S HREHEA[18], 7T 108 e ' A1 183 em ™' b I
3R SnSe, ) Eg Al Alg £ 84RENER[19], 7T 241 em ™' FIBUHIEK E BaF, (111D)#JEHI LO 7 TR
BN[20], KEATEDHIE T HLZ Sn/Se = 1 B, ANFIASJEHR S R i % (1) SnSe, RIS L5 7 SnSe Al SnSe, HiFf
oy, H—BWAET XPS M4 H. BT RIREZ RGN, SnSe Al SnSe, M5 F 2 FFAEHUR WE KW FEA K
AR B E AT SR A R AR T ARKI AR 4k, SnSe FIRFEHE 2 045 % OB Ik, 177 SnSe, FIFFIERL 2
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Figure 2. The raman spectra of SnSe, thin films grown at; (a) different substrate temperatures and; (b) different Sn-to-Se
atomic ratio, the raman spectrum of the BaF, (111) substrate is shown on the bottom at (a)

2.(a) FREINRBET; (b) FE Sn/Se tEZETHIZH) SnSe, HIRARIBHIE; (a) & TH AWK BaF, (111)ARIEiE

E 2b)A T 250 CATECIRE N, DAAS[RIA A J5 7 LL 3R 1) 4% K] SnSe, R[5 2 il . Pl v BH S5 AT DA
BRI, BEEGME T LA, SnSe FIHL S AFAEIE 58 A HIL T & 380, 24 Sn/Se = 1.02 i, SnSe
frF 67 em ' AL IR S SnSe, £ F 183 em ! AR HIUF VSR FE L Sn/Se = 1 B[ 0.5 $2s% 7 3.3, i
—AESE T XPS HE/RIISE R, B Sn/Se = 1.02 ', SnSe, i if 48 K #4341 53 4 SnSe. 140 LI 2(b)
HIR T 2 f 2 eI, AT LUR I Sn/Se = 1.02 254 R il % 1) SnSe, FR (47 B G IEAE 97 em ' AL HIL T ¥
MIHUR IS, AR4E XPS 45 R, 78 Sn/Se = 1.02 2% #F T, I &1 Sn LA4:JE Sn 1975 :AFAE T SnSe, #EEH,
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HI T AT B2 K BT A R R REAT RIS VA AL P, BRI R ER TR, RS Sn B AR
SAIERL SnO,, FRATHEWT 97 om ™ AL FIHUR IEAR AT EK H SnO, [ 2 RFAE I o

4. &g

AR SR 5 F SRAMEH RAE BaF, (1114 il £ 17 SnSe, L, I FH 4 8635 A X e L7 RENS
(XPS)X} SnSe, [ 1 SnSe SnSe, B 415 IRFEHLELIEAT 1 R G070, WF 70 45 B BH 2480 J5 7 LL. %8 Sn/Se
~ 1 Bf, LL250°CAHI 300°C eI L i % 1) SnSe, HMEI5E7E SnSe Al SnSe, WML 53, H& /51 of JECHR FE 1) 1
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