Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

ETBRANTamFRHTS MTHRBEER
X XETF B3P
Strong coupling between metasurface based Tamm plasmon microcavity and exciton

Wu Han  WulJing-Yu  Chen Zhuo

5|5 &, Citation: Acta Physica Sinica, 69, 010201 (2020) DOI: 10.7498/aps.69.20191225
TELERE View online: https:/doi.org/10.7498/aps.69.20191225
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in
4 BRI A5 B O & LSBT

Research progress of coupling theory of metal surface plasmon

PIH2A4R. 2019, 68(24): 247301 hitps://doi.org/10.7498/aps.68.20191369

bR E RO
Topological surface plasmon polaritons

YrH2E4R. 2019, 68(22): 224101  hitps://doi.org/10.7498/aps.68.20191085

R EWOCH S A R S RO 5 0
Review on surface plasmonic coupling systems and their applications in spectra enhancement

WIEEAEAR. 2019, 68(14): 147304 https://doi.org/10.7498/aps.68.20190782

A LR O AR 2 T4 B O TR U 5 S B v Ll
Broadband absorption caused by coupling of epsilon—near—zero mode with plasmon mode

WIBEAEAR. 2018, 67(20): 207301 https://doi.org/10.7498/aps.67.20181106

R RO AR DA i)
Modulation of propagating surface plasmons

YIFEE47. 2019, 68(14): 147302 https://doi.org/10.7498/aps.68.20190802

THEITIE R T AR RS O T
Quantization of plasmon in two—dimensional square quantum dot system

YIFISE4. 2017, 66(22): 227301 hitps://doi.org/10.7498/aps.66.227301


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.69.20191225
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20191369
https://doi.org/10.7498/aps.68.20191085
https://doi.org/10.7498/aps.68.20190782
https://doi.org/10.7498/aps.67.20181106
https://doi.org/10.7498/aps.68.20190802
https://doi.org/10.7498/aps.66.227301

) 32 3R Acta Phys. Sin. Vol. 69, No. 1 (2020)

010201

EFEFREH Tamm EBETE

AT R 5E

oIT]

AT

REF

BE1ER"
CEx

(PR Be, B 210000)

(2019 4E 8 A 13 HkE]; 2019 4F 10 A 8 AU EMEHH)

A SCWFSE T | AR 2 T - I8 8] B3 )2 -3 A7 2C A6 PiA% I 5T % (distributed Bragg reflector, DBR) #4) i ) 45 25
P CAR S5 K6 T 1 Tamm 55 259800 K H 55 3807 181 (0 A B AR FH . R R R 2 T v 1) 45 4 2 85028 TR R A% A 45 7
SR T 1) S SN A K — R, AT A A 45 R 1 A JB ) o 2 VR B DR A AN AR B 38 A T R T P 45 0 S B0k
VA 45 U 45 44 BT S A7 (1 Tamm %5 25 BOTAR R I IE4R A2 %, TN Tamm %25 BOTH MR £ B H
. R H TA% 50 45 s -4 5 (8] B )2 -DBR 2544, FRAT] & 0B R T A9 751 A B JHEXoF 2 S (57 A (7 1) 42 ] LA fe i

T4 J5 18] B J= -DBR 4544 7 5/ 8] B J2 8 12 T SCORp LR A6 AR [ B K AR 19 Tamm 258 BSOS, 1E4h,

+
ey

2R T X 37 04 JRy R P, AT AR RO AR Tamm 5 B HOCKGUAR R, fE5Eal b XF HUBESE T ge i ik T
B AR T Y Tamm 25 B H0T5 52 “HALH (WS,) BAREAE M, A& UL T R 1 A Tamm 25 & 800 T L™ A4
BGE [ 0T 5 T A SRR A 1R AR R YL (Rabi) B 2L

REIR: RMFEHOT, MR, “4ER, SRS

PACS: 02.10.Yn, 33.15.Vb, 98.52.Cf, 78.47.dc

il

<53 R LN A5 R RE A S HRE R T A B IO L PR A
X, BABATS RACT R, RE 15 IL
o] FEL 4 Jra 3k i 32 MG 1 e el 28 4 E A B AR OR 1 48
5ii 02 S HOLS W) SO LA FH A A R0 2 B 1]
RGN, FIX R T L s A AL A i R
BB B o I DGR S i EE 1) B 7 R D)
AR BRSO 45 TR, 5B & B ss
Hy A oY SRO L R, TR Z RO
TH T AR S M AR AT RO T 5T
DURLIE R T, g Hi O [ N AR FE A
Z—. HAl, AME&/eiE 2R R heil 75 E
TR T MIZOEI T BT RS BT

i

*ER HRFIERS (IS 11674168) R BIMALEL
t BIE1E#H. E-mail: zchen@nju.edu.cn

©2020 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.69.20191225

ALY (WSy) S5 AR Z 8] 1 5 AH BAE .
WLRE 1) A5 BT R 4 B 45 )| Jey 3l A5 2
JUILHR I 4 SR ks B | v S5 B O IR 1Y 4 JE
REFES) By 22 AR D12 A BL-31% (Fabry-Perot)
B 4 S v - A o J2 -4 W P A (15101 ) R
Tamm 55 BT 4 & R o3 A AT hidk
Ji#s (DBR) &4y 1617 45

AR (Metasurface, MS), Rl H J5 & A AE
KR E E R IR N TJRF 25 50T, #%
HEURE A HE A 7 AR 1 — - T 28 A A ) 0
JET B R B, R R m rh A5 A ooy At
I g b7 (A AR R ARSE, 5 LA i) 7 225 [ A8 A 5 7T LA
FE A IR T S G AR TE RN 1. R TR R X
FARE A THRAE K OB T AR e A Be AR il el
B PR M AT B 2, 971 Gn S B0 0% 15 s 1 245 T D P

http://wulixb.iphy.ac.cn

010201-1


http://doi.org/10.7498/aps.69.20191225
mailto:zchen@nju.edu.cn
mailto:zchen@nju.edu.cn
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 010201

A Z [A] A RH A4 U8 IR T7 1) A e 200 DL KA
T IR A B A LR AR X T O Z A
B i AR | PRI LU (i PR 42 e, E 2
TOELE YT O R A 2 a5 L AT I
T IESHH OB P . SCP R R R
-1 ot 245 o RS A4 A SR TR, ] I AL AT
P8 A 1] 42 1) S 18 4 g 7 JEZ ol 9 7 R e SR 29,
R e £ Bl IO G i 20,

ARSCHIFFE T Fh 4 M- S5 = -4 WA A
AR TG e, R IR S T 25 1 v ) e 58
JEFIA FZ IS E A4, RERE 5 RSB S RF A IR
S5 O TR IR B AR AL, HE T O R 25
ARSI AH. A PR IX — B HIES 5] A Tamm
SEEHOUMURE R, B PR v,
A AR T 25 F S BOR I Tamm 25 B 0T
SRS, S Tamm 55 BT U6 I P87 42
BET—AHTRY A R EE . AH LT LAY Fh e -
Ji1] B )22 -DBR A4 B Tamm %5 55 3c ik, %
-] f% )2 -DBR 4514 7] LA7E S A 1R 2 4500
SCRFEAT A R AR LR A9 Tamm 25 & ot .
FAT A B4 s M X ri 7 1 Jay S P mT A A
i Tamm 25 BT AR, AR LU AL 4 R
WEREE- ] B 2 -DBR 45 F4 ] LA AR S (40 159
TR S ]

2 ITHEMEA RN
2.1 BFRERBERSH
BT ANEL 1(a) Frs iR El- S AR A i

JE- ARG B AR T B8 G P . R |

R E AR EE [ 2 ¢ = 30 nm, p = 150 nm
M d = 10 nm, HFFEERICHETE R w FEALEE 2R
JE b 3 A 45 P 5 5088 A X6 8 25 1 S S R A 5
). SRHHZPEA RO (Comsol Multiphysics)
X2 25 A0 ) 2 S R PE A TS BT B 7R
Hh AR T I 04 L3 3 O Ak 1
SEUEAR AT L S A A BT I ny =
1.7, n, = 1.45 fl n, = 1.45. &R/ B HE R
2

i Drude B8 c(w) = 0 — ke diiid, 3t
Hey=1, hw, = 9.6 eV, hy = 0.0228 eV,

El 1(b) on THAMABIZERE A h = 20 nm
IS [v) B J3E ) AR A o 6 0 i 1) S S8, T

A BEE M T RS T K A £1 A N, 7RG e
FEM w = 30 nm ¥EMF] w = 50 nm B, A M
490 nm £ZL# 3| 650 nm 4b. 2 T FRAE ST x
o i R A R, 1 1(c) S SE N w =
50 nm FIEACER)Z IR A h = 20 nm AYHER A
A 650 nm &G o3 A, AT LAE BIRE Ja dk
TEAR G FIER AR (Rl A S AR AR A B2, 3K Fn LAY
F14) 462 T SO T e - <5 T S S A3 1 1) i 45 g 0
TR 5 5 A A — S0P & 1(d) 2 R A5 R
PR TG B S LA B I K 1) 28 A e 2 O AR A A
3 THT 25 48] 19 1] o 25 2 I e TR AR A B AR A3 Ay
BEU, 75 O 25 iR A S SR AH B AR AR X - 22
Bl 1(d) Hhis R AR TR, M TRE—RE K,
B 4n 620 nm, 7 K T 45 F4 14 SR AR B & AR DG
Vi AT AR L. Ak, 18 1(e) FNIET 1(F) —HDE
M5 BE 11 5 A w = 30 nm F AR A 2 1T 45 # A
AAE 2 8 JBE B BT s 553 35 TRV 7 P9 2 1T S S5 A B
PR, S5E 1(b) A 1(d) IL5EZEM0.:
B AR 2R R4, IR A B ORI
RARE. AT LU U A AR 2 0 SRR R
He— R WAL Y SSFAAR.

2.2 EBERE-NREFRE-DBR #EA Tamm
EFERTMEREE S
] 2(a) A R R -1 5T [A]f% )2=-DBR A4 1
B OTHUE FGAE . DBR N = 8 Xt
FH n, = 1.45 I A ALRERITHF R ny = 2.4
) A AR A 52 ) — 2 RN 25 A L pl. Hodh — 4
TBEEZ R BEN d, = 600/4/1.45 = 103.45 nm,
TEAAREREE RN d, = 600/4/2.4 = 62.5 nm,
DBR RYZEHT 0K A 600 nm. 765 HLAY 4R
WA 58] R J2-DBR 48 Tamm 55 B #OtH
e, PRI A ) Tamm 45 55 Ok =X i
R B R CAE I AR B T A ppopa A2 2 25
R0 S A4 20, R
Ptotal = Pprop T PDBR T Pmetal = 21T, (1)

HAr oppr 1 Qe 73 91EIGTE DBR R A48
W T AT BR B R AL, gy = dnnl/ 2
JEAEITES 2N n, JEEEN [ B9 BT E) 2 rh i AL 1
HiAH. FEE R R CHE M Tamm 55 B HOTIE 25
b 4B AR, (1) Y oo B FHOGTER
R ZE R R R A AR o KRR,

010201-2


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. 69, No. 1 (2020) 010201

E
Cover medium (n.)
k
Ag grating p g g
i P E— 3 5
: Y = =
3} 3}
/~ ~
Al,O3-film (ng) h
Ag-film t
Substrate (n) (a) 450 550 650 750 400 500 600 700
Wavelength/nm
h =20 nm 2.5
A=1560 nm w=50 nm WIEH =30 nm
1.0
© 3
~ ~
) o)
05 2 2 15}
<= <=
o o
0
Sk L N 0.5t L R
450 550 650 750 400 500 600 700
Wavelength/nm Wavelength /nm

BT (a) BOGMI-S A0 60 A J5E 2 - E M 1 f) 8 3 T 5 4 7 3 1, FG o R IV 8 | R I J1 30T R JEE 23 50 A AE S ¢ = 30 i,
p = 150 nm #1 d = 10 nm; (b), (d) &AL )ZJFEIE b = 20 nm 5 GA F] 5C B2 B 8 2 187 109 S 9 1% #1598 A8 (c) SEA 98 % w =
50 nm FEALERZ IR b = 20 nm {948 3% W TEILIR W 59 8 37 704 181 (e), () BB w = 30 nm S AL J5 AN [R] i) 4 T

¥ 5 S5 335 S S A

Fig. 1. (a) A schematic diagram of metasurface consisting of silver grating, alumina dielectric layer and silver film, in which the

thickness of silver film, the period and thickness of silver grating are fixed at ¢ = 30 nm, P = 150 nm and d = 10 nm, respectively;

(b), (d) the thickness of alumina layer is A = 20 nm, and the reflection spectrum and phase of metasurface at different width of sil-

ver grating; (c) the magnetic field distribution of metasurface at resonance with grating width w = 50 nm and alumina layer thick-

ness h = 20 nm; (e), (f) with grating width w = 30 nm and different thickness of alumina layer have reflected spectra and phases on

the metasurface.
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Fig. 2. (a) A schematic diagram of the structure of a Tamm plasmon microcavity consisting of metasurface-dielectric spacer-DBR.
DBR consists of 8 pairs of silica and titanium dioxide multilayer dielectric films, in which the refractive index of silica is n, = 1.45,
the refractive index of titanium dioxide is n;, = 2.4, and the thickness of silica and titanium dioxide in each layer is d, = 103.5 nm
and d;, = 62.5 nm. The thickness of the dielectric spacer is [, and the refractive index is the same as that of the cladding layer of the
metasurface structure in Fig. 1(a). The structural parameters of the metasurface are the same as those shown in Fig. 1(a). The
phase transitions of ¢ppr and @, are caused by the reflection of light on the surface of DBR and metasurface structure respect-
ively. @, represents the phase of light propagating in the dielectric spacer; (b) the thickness of fixed dielectric spacer is [ = 10 nm,
the thickness of alumina layer in metasurface is h = 40 nm, and the width of silver grating is w = 10 nm and 50 nm. In both cases,
the relationship between wavelength and the obtained ., ¥ppr, @prop and total phase ¢y, is obtained. The horizontal dashed line
represents the phase of 0; (c) reflectance spectra of metasurface-dielectric spacer-DBR structures at [ = 10 nm, A = 40 nm and w =

10 nm and 50 nm.
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Fig. 3. (a) The variation of Tamm plasmon mode wavelength with the thickness of dielectric spacer [ in metal film-dielectric spacer-

DBR structure, the variation of Tamm plasmon mode wavelength with the width of silver grating w when the thickness of fixed

dielectric spacer [ = 10 nm and alumina layer h = 30 nm in metasurface-dielectric spacer-DBR structure, and fixed [ = 10 nm and

w = 40 nm, the Tamm plasmon mode wavelength varies with the thickness of alumina layer h; (b) reflectance spectra of metasur-

face-dielectric spacer-DBR structure with different thickness of alumina and width of silver grating w when the thickness of dielec-

tric spacer is fixed at [ = 10 nm.
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Fig. 4. (a) and (b) are the reflection and absorption spectra of the conventional metal film-dielectric spacer-DBR structure and the

metasurface-dielectric spacer-DBR structure with resonant wavelength at 620 nm, respectively; (¢) and (d) electric field distribu-

tions of Tamm plasmon modes supported by metasurface and conventional Tamm plasmon microcavities, respectively. On the left is

a structural sketch. The horizontal dashed line represents the position of the two-dimensional exciton material in the structure;

(e) and (f) are the reflection and absorption spectra of two kinds of Tamm plasmon microcavities with two-dimensional exciton ma-

terials.
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Abstract

In this paper, the Tamm plasmon and its interaction with excitons in a plasmon microcavity consisting of
metasurface, dielectric spacer, distributed Bragg reflector (DBR) are studied. The reflection phase of light on
the surface can be controlled by changing the structure parameters in the metasurface. When the thickness of
the dielectric spacer layer of the microcavity structure keeps unchanged, the resonance position of the Tamm
plasmon mode supported by the microcavity structure can be adjusted by varying the structure parameters of
the metasurface, and thus providing more degrees of freedom for regulating the Tamm plasmon mode. In
addition, by comparing the traditional metal thin film-dielectric spacer-DBR structure, we find that the
introduction of metasurface and its regulation of reflection phase can make the metasurface-dielectric spacer-
DBR structure support the Tamm plasmon mode resonance at the same wavelength under a smaller thickness
of spacer. And combining the local characteristics of the super-surface field, the model volume of Tamm
plasmon can be reduced effectively. On this basis, we compare the interaction of traditional and metasurface-
based Tamm plasmon with single-layer tungsten disulfide (WS,), and find that metasurface-based Tamm

plasmon can produce stronger photon-exciton coupling and obtain larger Rabi splitting.
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