Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

WS, 5 WSe, $ I A ST R B NFH IR
M REIA REE HIE ABW AR LEE

Dynamics of A-exciton and spin relaxation in WS, and WSe, monolayer
Yu Yang Zhang Wen-Jie Zhao Wan-Ying Lin Xian Jin Zuan-Ming Liu Wei-Min Ma Guo-Hong
5| 1% & Citation: Acta Physica Sinica, 68, 017201 (2019) DOI: 10.7498/aps.68.20181769

{E£817%)13 View online: http://dx.doi.org/10.7498/aps.68.20181769
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2019/V68/11

AT RE RSB B S &
Articles you may be interested in

Ll A AR 2 K 2 s -2 G AR AR LB
Mechanism of electrically driven metal-insulator phase transition in vanadium dioxide nanowires
Y= 4.2018, 67(17): 177201 http://dx.doi.org/10.7498/aps.67.20180835

VO, & -4 G ARAHAR LR (A 78 1 f
Research progress of metal-insulator phase transition mechanism in VO,
PP 27 4%.2016, 65(4): 047201  http://dx.doi.org/10.7498/aps.65.047201

5d 1 <R E ALY I B R TR AT
Novel properties of 5d transition metal oxides
VP 2242015, 64(18): 187201  http://dx.doi.org/10.7498/aps.64.187201

R EUR KB TR Vo O il 28 — S0 B T8 IR R L e I ATF AT
Properties in vanadium dioxide thin film synthesized from V,05 annealed in Hy/Ar ambience
Y2247, 2013, 62(22): 227201 http://dx.doi.org/10.7498/aps.62.227201

< P b — A FR A i 26 B F BUR AR VR REAIT 7T

Growth of vanadium dioxide thin films on Pt metal film and the electrically-driven metal--insulator transition
characteristics of them

Y22 H%.2013, 62(21): 217201 http://dx.doi.org/10.7498/aps.62.217201


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.68.20181769
http://dx.doi.org/10.7498/aps.68.20181769
http://wulixb.iphy.ac.cn/CN/Y2019/V68/I1
http://wulixb.iphy.ac.cn/CN/abstract/abstract72653.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract66643.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65549.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract56729.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract56525.shtml

) I8 2 4R Acta Phys. Sin. Vol. 68, No. 1 (2019) 017201

WS, 5WSe, BEERFA M FREBRINNIFE
tEE AT
BEAED  ARED  44EEHDY)

1) (BRI R, BilF  200444)
2) (RgRE KRR SEASR, FiE  201210)
3) (STU & SIOM HIBRHOL LI HBGA L4 %, 1ilE  201210)

) HXAD XERDY T EEDY

(2018 4E 9 A 26 HikHl; 2018 4F 11 A 20 H KBS A )

BRI I < S AR AL b T RS A T RO DA R B e - R A R BT, OB T S BT SR T I
AR R BRI AT . AT BRI () 20 B 1, A SCAR G LR T P SRS 2k B R AR ALY (WS2 M WSes)
(11 A-T 3 ) ANy B st BRORE . SRER A IR R W], WSy BRZ B ATt R DA XGR B AR, X T
WSeo, H A-# 7R IUN =10 80 A%, His 74 ariz K TRT#E. WS 4 H ek At st R BN B e 2o
I, HFFdr#)0.35 ps, FEE AT -7 HAE BT 1. X T WSeo, 73 H st BRI B W5 Bt F 45 1
— AN FAr 0.5 ps FPRIEREA — T3 28 ps HUMRILRE. PR AR A5t ORI T H 1 - RO AR A, g id
FEIU e T e ot % BN T B T RS . e R i il e B, 2 IR S WiSeo 80 WS2 B4 5 T J S

By

XA W ESERAY, B, Bk
PACS: 72.80.Ga, 71.35.Cc, 13.88.4¢

15 =

FL7E 2004 4F, Novoselov 25 [ 38 i b Lk %) 25
B 5 90 1 R T M WA B8 b 0 ) % H A AR
JEARAES T B 5T 4EADRL IR 4EADRL IRk &S
P PR B MR 2 e L A ). &
L MR A O B IEASEE AE  MRLRL S gl
KAk 2 S A R 1 F SATE F  BLL R A BRI A
B ERAF RN T, AMINEERA RGN EF
7 BARE PR A R b PR ) 7 A 38 OGB4 O T )
MR T = 4Eak U 4 8 A4 (TMDs), U1 MoSs,
MoSes, WSy FI WSe, 541 L, H e &M BE & =
IR A, ¢ Bl ) A T R R A
U P 22 O gt R A T R AR,

DOI: 10.7498/aps.68.20181769

52 Fh A P TR 3 0 P 3 g 0 2 R B ) B4 T L
Foor B e B AE ) WOBVE Rl . TMDs ¢ 7k () fE
SER ARG MR AN 1A SR A AR, AT AE D HL AN
LA S5 s 1 g T R ML RO AR K 0. ISR,
TMDs 7E i P B R A 1 5 )L AR etk
S OVRIAS 245 00 ¥ 2 U A 31 1Tz
w5 [,

TS E SR RRIRITE (S, SedE) 5
W JE TR (Mo, W55 3 5 4 R 2 R 46
1, BEEE—EAET 1 nm, #ik EE, 15
T HEE R RS mIER AR, 4 TMDs ££ 1
BR RS TR 24 btk 5 e 5 A 25 4 B8 00 b ) 1
fig 12131 FER4E TMDs #1175 BRI 28
3 558 A A FRL R RN R 55, D6 OR B L - RO
282 A Y S5 25 4G 58, (45 TMDs 3745 & i

* ERARRERS (MHES: 11674213, 11604202, 61735010). i S & R )7 %4 (kS : QD2015020). g i E L&
LT HE KA S R RI (A S: 16CG45) Al g i & E RS 1R THR (S 18QA1401700) HBIFIURA.

T #E/E#H. BE-mail: ghma@staff.shu.edu.cn
© 2019 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

017201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.68.20181769
http://wulixb.iphy.ac.cn

Y38 ¥ 4R Acta Phys. Sin.

Vol. 68, No. 1 (2019) 017201

K(— B NEE meV), RIILIRE S e e =l %
B R R W B TMDs 37, BIEAE =R F,
TMDs {56 B th 5 2 pr 3 5 010 &0
B TR B A R T TR AR BAR A, A R
VA S =R IRAH BAE SR it 7 — AN AR oT. 4k
TMDs B A A7 8805 1 15 /S 0 T2 S5 46 A LW X
HE A BRVEAE 7S AT BL X AT A K Ak, — 4
TMDs /1) 3 BE 45 J@ d PIE i 5 3 e -BUIE #5620
I 5] s AN T B 2L s B UK, — OB
HmeV, Fr 85 RN, 28T JLmeV. B 5 H
ARV T B S AR BRI A A/BICT. AT
WX K s AHAR TS RE 7S K A K7 Re & i 9, (HAE
{325 18] ELAHANSEASY, MASAH DB B2 BAHSE M. X
PR IR O PR A L e e I LR BN E el BE Y
R, T H I 7 A RN R S /A N H
e B 25— R AN A AR DTl T2
TMDs # A/B ¥+ 8 H e 5 584 s #% & 808 (H
IERERBIE), RFRE (K, K')1E A/B¥THIERER
S B S0 /A A i B R i 20220 i
RE?S B B A S B e B i 2RI i, I
HARB IR e B8 O CRE RE5H
BT RE.

T TMDs HAEERGR I ECAEH, HL55r
P E OB -2 O E . BRI
SIS S5 SRR B, TMDs H (18T 3N 170 B 2%, 47
FEWE N SE T BT 7 BT BT 55 2
TERL . IR A AR R R 23 FE 2 66 I [H]
SHERFCIENE I 8] 73 7% Kerr /Faraday J6 155514 %
VT BT B esh J1 2 AT i gt 1425201,
A 8] FL - -3 RO 4 i HAE R AE — 4k TMDs B
4 A Esh B R R R FIEH, WSe 5 WSe, I
H e 77 il W e A DB AP A TR, Tz
B 5 W R R g PO IR R &4 T ik
S I BB A R 7L B - R A T I 25 28]
Bt ACUBPOLIE T, KA
WAL 5 2 (WSo, WSes) I A BT 3) /1240
H et A3l 7 SR i, 8 R Ok Bk, FEERAD
T SEPRIOR H A BT, FEXE B S LSS #4 1)
TMDs ¥ FB TR A B 1538 A 5 e s 45 1
KR, HRFTWH, HOT WSy B2 H B WSey H
A AT R 75 an A E e s e 8], X FE R T
WSey H45 5 T i RE B BRI T BT El. Siie 4
RN EET TMDs #BL'G HL 80 45 /) ot e 1
EMZHH .

2 HERl&E5IhEkE

ARSI XS G WSo Fl WSeq HLZR HI40 2
SARYIAR (CVD) J7 il %, HAS R 1 mm JE 1)
T LLWSy (il & o, a7 ) A ek FE O
¥ WOz 83 A CE AE —fE A b e, S r =
AR, FEAED FCE — PR, /%5 15 °C/min
0 AT 0] F AT SR A8 M N B, B S IR Bk
1000 °C, f3+F i & 30 min fli S E KIS
WO3 785 KAERRL RO, KA, fFEHR
Boe et v 11 J5 ft v DAAS B P 75 ZEAORE . X T WSes
VI 2%, T Se By BUAR S By, B DL BSRag it R,
il 2% 73 B WSo I WSe, TN 2 ) 50 2 L.

R TR S T ) 2 AT FH 0 D R B ER S R
H 4% (Spectra-Physics Pro.), % B S AR AE 1
kHz, k5E 9120 fs, G003 K 800 nm. #4i% CFP ik
MEANHFES R (TOPAS-C), Hi oy
Jik b K AE 4002300 nm 3 AT U, Bk g
150 fs. N 5T TMDs BT 5t B30 /15, R
FiZ G iz BRI IS E AR, W 1 (a) s,
& AR 35 N Bz, iz 6 i o B2 A PRI
(1920 £ LA b 325 1 FE 00 R0 St pR — PR v 1 [
Si HEt H AR R, R HAE AR BB BOR
FHBOR. SR R, S e — I A
400 Hz i a8 1. Sy 7 45 H B8 G e N i
HEWOR BT 50T 3N 715, A SEB IR K T A
(IR A IO, FEE IR B 0K 800 nm, EE
B 1 kHz, kb 58 5 35 fs BRI 240 0 4%
774 (Coherent, Astrella), iz ki X OPA %t
(TOPS-C), HH th Jik b %5 J£ 79 60 fs. 800 nm R
MYERAET 1 mm JEE R A L7 AL (Y,
T8 Bk 2R (16 (%) 4% 800 nm (1)) T S, AT LA
SRAF ki 58 FE £0 9 150 fs, 9% K T Bl 440780 nm
(AR ik . N AIE 7T TMDs £ 8 1 B etk it ¥ 5h
715, BATR IR 7 HE i iz R0 6 1E F B, dn
B2 (a) fits. NS HHIZ Y28t N /4 3% B 5 A8 i
[ i, 3@ 20 NI 2e i 5 X /4 6l B nT A
SRAFICNE (o S MOR K ey B iE) 54T JiE (o~
RLCOR K Re4y EE) ik 6. 3% i B b 1 28 i 4
gk N4 I BN 3] Wollaston # 45, HI#%
B2 0 5 O 41 AF L B PR A SR R ST AR s e
P PRI 235 5 B BIAE FBOK 28 B8OK i i H 20 5
GIRGER

017201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y38 ¥ 4R Acta Phys. Sin.

Vol. 68, No. 1 (2019) 017201

3 BRE5T®

Kl 1 (b) N WSa 5 WSes ¥ i 1) 7] UL -5 4h 1
W 5 R e, Bk, AL NWS 5
WSe £ fh IR G, W2k, G2k 4 I W WS,
5 WSe, 198 6 18, 1 BN WSy (R 1) 5 WSe,
(ZLf8) h 2 i, RO ErrLLE B WS,
5 WSey EI5EIH LA R B, A/B TRIR
U 2 b T 7E B2 U 4 R R A R AR AR BRI i
ERE G, T BN B AT A N BB R
(1) 6 W WS BRIE, B R i PR WROAC DG R T B IR T 3
£ K B AMOER 75Tk PO WS, 1 A/B 1 4HR
W Y9 K 40 AL T 617 nm A1 516 nm, 117 WSes [
A /BB IIRIE R K AE 749 nm 1598 nm &b, H

0.004
0.002
wn
b=
E
3 01
-
<
~
<
<
—0.002
‘WSe; monolayer
—0.004 T T T T
560 580 600 620 640
Wavelength /nm
B 1

T WS, [ LA 4 WSeo 5, BRI, WSe, HIH
R T AR L WS K. B 198 6 e i ok 3
£ N 532 nm, 7] LLFE 2| WS, 1 WSey £ 5 ) 3 2
R S EAL T % H A BT IR IIE T WSy 1
P GIELE 630 nm &b, T WSey HI%%YGIETE 755 nm
Ab. 2 2 1hE & SRR ALY I ' R i ARAR A1,
EAE BTV AT B DA A H 30 58 P55 20 553 R 0 D' U T B
JETENAS 2 IX P R . 2 R St 1 54
FEE b LI B A AN 1 5 S . ARAE WS,
5 WSe, 1 A BT W A7 B DL K O A AN ' K 0
Al LA ER AT O RE S B B B D T HE— B
BH i RE 38 D B 2 R T A EXUZ B2 2 I, FRATT
EXTRE AT T R8O RAE, WGP, AT
353 cm~! ) Raman #if% KIF T WS, HZ P W

3600

0.16 3.5
4000
(b) £
7 3 3.0
0.14 é 3800
B
] iz 42.5
0.12 630 nm ) =

wn
2
g :
g E 12.0 S
< - ~
£ 0.10 -“\ 200 250 300 350 400 =
aman shift /em -1 £
8 | Raman shift/cm 15 %
< 751 nm 5}
< o008 ¥ § 2
B 41.0 =
N —
(D0 Nim 1 ol
0.06 A W 0.5
0.04 T T T T T T 0
500 550 600 650 700 750 800 850
Wavelength/nm
1.04 (A—nu WSey ] —ws,
WS, £ | ewse
=
0.8 1 208
<
& g
< 0.6 0.6
°
Q
B
= 0.44 0.15 0.20 0.25 0.30 0.35 0.40
= Pump power/mW
)
IS)
Z 0.2
O_
T T T T T T T T
0 50 100 150 200 250 300 350 400

Delay time/ps

() E 5 A8 - RO ER R B (b) WS (B 1) 5 WSep (ZL11) AW -5 AMBOGIE LL K WSy (Hifh) 5 WSeo (4%

) DO, HHEA WSy () 5 WSe (468) BIFLZ 6 (c) 750 nm JERkhiE T~ WSeo HIBFSRBOLEE, L AR
WSeg ANAIZEIR B [B] (R SR £k (d) T B () 3 i 1 2 3 — O i, WiSo (A6 IO RIERINE K358 617 nm, WSey (HfR)
PIBORAERIBAC T 749 nm, LB L IBING LR, TR TAER AL B E S T FERBS R

Fig. 1. (a) Pump-probe experimental setup; (b) UV-visible absorption spectra of WSy (black) and WSes (red) and photo-

luminescence spectra of WSo (blue) and WSes (green) monolayer on sapphire substrate; inset shows the Raman spectra of

WSa(black) and WSez (red) monolayer on sapphire; (c) transient absorption spectroscopy of WSez monolayer at different

time delay; (d) normalized time-resolved transmission of WSg (617 nm, red) and WSez (649 nm, black), the solid lines are

multi-exponential fitting, the inset shows the magnitude of AT at zero delay line as a function of pump power.
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Fig. 2.

(a) Experimental arrangement for transient Faraday ellipticity, the pump beam has left-/right-handed

circularly polarized pulses, and linear probe pulses passing through sample, A\/4 wave plate, and Wollaston prism,

is then detected by photobalance detector; the transient Faraday ellipticity of WS2 (b), at wavelength of 617 nm,
and WSes (c) at wavelength of 749 nm, monolayer under left (¢7) and right (0~) handed circularly polarized

pump pulse. Inset in (c) is the pump power dependence of the peak ellipticity for WSz and WSe2 monolayer;
(d) the transient Faraday ellipticity difference under left-(ct) and right-(0~) handed circularly polarized pulse, i.e.

(ot —o7)/2.
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Fig. 3. Transient Faraday ellipticity of WSs and
WSez mononlayer around the A-exciton: (a) Normal-
ized temporal Faraday ellipticity of WS2 under cir-
cular polarization with excitation wavelength of 610,
617 and 627 nm, respectively; (b) normalized temporal
Faraday ellipticity of WSe2 under circular polarization
with excitation wavelength of 741, 749 and 759 nm,
respectively, the inset of (b) is plotted as a semi-log

coordinator.
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Abstract

Two-dimensional transitional metal dichalcogenide (2D TMD) emerges as a good candidate material in optoelec-
tronics and valleytronics due to its particular exciton effect and strong spin-valley locking. Owing to the enhancement
of quantum confinement effect and the decline of dielectric shielding effect, the optical excitation of electron-hole pair
is enhanced substantially, which makes large TMD exciton binding energy and makes excitons observed easily at room
temperature or even higher temperature. Optical response of 2D TMD is dominated by excitons at room tempera-
ture, which provides an ideal medium for studying the generation, relaxation and interaction of excitons or trions. By
employing ultrafast time resolved spectroscopy, we investigate experimentally the dynamic behaviors of A-exciton and
spin relaxations for two types of TMDs, i.e. WSy and WSes monolayers, respectively. By tuning the excitation wave-
length of the degenerate pump and probe laser beam, the WSy monolayer and WSes monolayer are excited at their
A-exciton resonance transition position or near their A-exciton resonance transition position in order to compare the
dynamical evolutions of band structure and exciton polarization of the two similar WSz and WSezmonolayer structures.
Our experimental results reveal that the relaxation of A exciton in WSz shows biexponential decay, while that of WSes
shows triexponential decay, and the A-exciton life time in WSe2 is much longer than that of WSy counterpart. The
spin relaxation of A exciton in WSy shows a monoexponential feature with a lifetime of 0.35 ps, which is dominated by
the electron-hole exchange interaction. For the case of WSes, the spin relaxation can be well fitted with biexponential
function, the fast component has a lifetime of 0.5 ps and the slow one has a lifetime of 28 ps. The fast relaxation is
dominated by the electron-hole exchange interaction, and the slow one comes from the formation of dark exciton via
spin-lattice coupling. By tuning the excitation wavelength around A-exciton transition, the formation of dark exciton
in WSe; is demonstrated to be much more effective than that in WSy monolayer. Our experimental results provide
qualitative physical images for an in-depth understanding of the relationship between exciton and TMD structure, and

also provide reference for further designing and regulating the TMDs based optoelectronic devices.

Keywords: transitional metal dichalcogenides, exciton, valley polarization
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