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Fig. 1. (a) schematic diagram, (c) optical microscope images, and (d) dark field of the WS,-grating coupled system; (b) SEM image,

(e) reflection spectrum, (f) scattering spectrum of the grating.

WS, H, FEZS L 7 2 R — D' TRl st
B, RIETE BT R S OCIHE AL IR, AH L
T H Az 8], SEHIERE A IS T R SRR AT Y R ek
DAL, NI BUE T R 5HA B R fRS R
AT H & S R A B i

HUH] 25 ] A5 O B2 WS, R AE TiO, el /
Al,O3/Au/Si0,/Si 45t b, & 1(b) MK 4
PEEROEHT R SEM IR, AR 4 pm, SEHEHX
BUHRLAR ), HACHITEX 25 40 pm. #EZ1Z06
MR RSP IET, e AIRRE S 1 pm, AT LIS
UMM 5E R 128 nm . A HIR 510 nm. &l 1(c)
SRR TE AR T R MR, Hoh R XU )R
WS, B0 55 R 1) 1 J7 I8 7 73 2 — AL Bkt
P 1(d) SR ah R b IR 1 6 X0 I — 4k
BOGHE, YoMt Fae S R WS,

&l 1(e) FIIET 1) &5 M T RS R i) 52 56
SRR, LA IA T 2 S OGRS =X
VCRC. A SCETHAEME 615 nm BT A7 7E SO %
B /IME VO Zab KAB. B2 WS, 1) PL 3% 5 fr
B A PO Y B G S, ALE Purcell
ROV AT, OGS R R AR R N, & 5
TR H R ARSI R, X IR BUE WS, 11

P A S5 MR A Y IR T DL A 3R
53801 09 5 R A B0 0, B9 DB BUR O
SRHE.

3.2 MRS AR A SLIEE

N T WIS E WS, 7RI KOG i eE &
SR, 7R IRIREE T, Ll 407 nm AR [A) D 3% 5935
SEAr BIRHEHINFIEA bS8 1 BZ WS, X Ik
FTR D3RRI A Y BUR i BE B . 15 %, X
AN B2 WS, A TSEE, [ 2(a) RHBA T
KA PL E. BEEWCEDIREN, )2 WS,
() PL 5 BE I 3K TGRS T DR R {37 2 1
SENY, BLIATE IR KT AT LA B 22 4k
BN B 2(b) 25 H T OEME B R EE WS, 19 PL 5
JE R TFRMA. FOEHEI MY B2 WS, —FF, BEE X
RUPIR BN, PL %R Bk, I FOEEAR
(A7 B2 [ 1), FEMI R I A iR, H
PL 58 Bt & TOCM oMY L2 WS,

TE WA [F] D 2 HOG R T B2 WS, 1 5 5
PL 3B, IRz B T80 E, 45 R A 2(c) Br
N ATUEH, AT, B2 WS, s
KGR W T IR 3 R IR . B kO

087801-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 71, No. 8 (2022) 087801

400 1o
350 I
L 1.0
300
& 250 [ 0-8
=
~ <+
§ 200 I+to6 <
£ 150
L 0.4
100

50

580 600 620 640 660
Wavelength/nm

3.5
g © o
€ 30¢f —
% o 9. o 9 .
SEEE] LS
E i
<= 20F
Lg ° o WSs-grating/ WS,
1.5 \ . . . .
= 41 e WS, oN the grating
3’ E 3} 4 WS, oFF the grating .‘
= .
5 o e
g3 -
2] ol SR S
= = 0F ‘ﬂ,k-/ A
L ) I | ..~.‘.I
0 100 200 300 400
Power/pW

400 I4'O
350 L 3.5
300 L 3.0
= 250 L 2.5
3 .
= -
§ 200 I't20 <
£ 150 L 1.5
100 L 1.0
50 l 0.5
0 0
580 600 620 640 660
Wavelength/nm
—— WS, off the grating
40000 (D) W, on the erating
2
£ 30000}
=
Q
NS
> 20000
G
=]
:: 10000 L
0 L

580 600 620 640 660
Wavelength /nm

K2 (a) JEMESMRT (b) DUt E 52 WS, 7EA [FUA 18 PLOGHE; (o) JetAMRDGHE )2 WS, J68UR LR BE 5 T D 3 1 2%
AL Y PL 3 BE LU A ; (d) 400 pW 2 D3RR OGHEANFIEME )2 WS, PL G
Fig. 2. (a) PL spectra of the WS, monolayer (a) outside the grating and (b) on the grating at different excitation powers; (c) rela-

tionship between the WS, photoluminescence intensity and the pump power and the fitting curve; (d) PL spectra of the WS, mono-

layer at 400 uW pump power.
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Fig. 3. (a)—(e) Scanning image of the WS, monolayer’s photoluminescence intensity at different excitation power; (f) field distribu-

tion of the grating calculated by FDTD simulation.
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Fig. 4. Time-resolved PL spectra of the WS, monolayer (a) outside the grating and (b) on the grating at 20%-100% of the maximum
excitation power. Fluorescence lifetime and fitting curve of WS, monolayer (c) outside the grating and (d) on the grating at 60% of

the maximum excitation power.
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Fig. 5. (a) Optical microscope image of the WSe, monolayer on the grating and the five test locations selected; (b) PL signals at

5 different locations; (c) schematic diagram of the grating coupled with excitation light.
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Abstract

Transition metal dichalcogenide (TMDC) monolayers have direct band gaps and can produce strong
photoluminescence(PL), thereby possessing a wide application prospect in photoelectric devices and
photoelectric detection fields. However, their PL efficiency needs further improving because they are of atomic
thickness only, besides, they have non-radiative recombination of excitons. In this study, a combination
structure of a gold film, titanium dioxide subwavelength gratings and TMDC monolayers is designed, which can
greatly improve PL efficiency of the TMDC monolayers. The spontaneous emission rate can be controlled by
the Purcell effect, and the maximum enhancement of photoluminescence is as high as 3.4 times. In this paper,
the PL signals of monolayer WS, and monolayer WSe, on the designed structure are studied. The feasibility of
the enhancement of PL of the TMDC monolayers on the subwavelength grating structure is verified
experimentally, which provides a new idea for the application of two-dimensional materials to optoelectronic

devices.

Keywords: transition metal dichalcogenides, subwavelength grating, photoluminescence, Purcell effect
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