Chinese Physical Society

%i@%"—*&Acta Physica Sinica

Institute of Physics, CAS

REFERUH TS FIRATRE
Eiadk V4 IR FIFR IR A&
Scatterings and wavefront manipulations of surface plasmon polaritons

Guan Fu-Xin  Dong Shao-Hua  He Qiong  Xiao Shi-Yi  Sun Shu-Lin  Zhou Lei

5] Fi{5 B Citation: Acta Physica Sinica, 69, 157804 (2020) DOI: 10.7498/aps.69.20200614
TEZE RT3 View online: https:/doi.org/10.7498/aps.69.20200614
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

M5 B O R B )
Modulation of propagating surface plasmons

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

BT RO -2 1 A5 B AL O IR A R A BRAE N (RS 20 K 254 1) 1 56 15
Enhanced optical transmission by exciting hybrid states of Tamm and surface plasmon polaritons in single slit with multi—pair groove

nanostructure

PB4 2018, 67(10): 107104 hitps:/doi.org/10.7498/aps.67.20180117

F A B OO GOV
Research progress of surface plasmons mediated photothermal effects

YIBR2A 4. 2019, 68(14): 144401  hitps:/doi.org/10.7498/aps.68.20190476

F A B HOTAR R ARSI
Research progress of plasmonic nanofocusing

YIHE2E4R. 2019, 68(14): 146201  https://doi.org/10.7498/aps.68.20190564

bR EROT

Topological surface plasmon polaritons

WIBEAEAR. 2019, 68(22): 224101 https://doi.org/10.7498/aps.68.20191085

A E O TR RO
Surface plasmon mediated chemical reaction

WIFEAEA. 2019, 68(14): 147102 https://doi.org/10.7498/aps.68.20190345


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200614
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20190802
https://doi.org/10.7498/aps.67.20180117
https://doi.org/10.7498/aps.68.20190476
https://doi.org/10.7498/aps.68.20190564
https://doi.org/10.7498/aps.68.20191085
https://doi.org/10.7498/aps.68.20190345

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020)

157804

L SR

RE S B RA A ITR RS AR

THREY EFO48Y Y

Wy AR AR

B & Vi

1) (RERFYHER, L 200433)
2) (REREFERI#5TRER, B 200433)
3) (R RAEEAE SRR TRERE, BiF  200444)

(2020 4E 4 A 26 HYH; 2020 4£ 5 A 28 HUEMEMHR)

R EAOTTE R A5 S8 | 3G omAR L NE /hL 2 ROV AW e AR B R B A T T B A
SN ARk S T T TS AR AL BT B4 1T 3 1 i B e 7 B R A AR AR, R LIS AT TR AR G
W BRAGN, Bk = T AT AU BRI PR AR, ot R T AT 2 T A R A A I OT I A AR AR S S TR R R R

T A5 1 WA O R A SR T sl B AR, e A A A 4R

TR T A B AP ) 10T 3 1 i 280 2 3 IO B

BLFG BRI J R AR SC I T ; fieJim i A 471 22 11 A5 B AR AL SO T AT S I AT IR 42 B A DG T 15 T i se itk g,
NATIOXE 2 T 45 8 A0 A VTG ) IO R R AT 07 S DA R 2 1% L A RS0 e R 9 5 B ), 30 o AR Ol 2 THT A% B A

A ITAR I T AR 7 SR J

KSR RWF RO, M AU, BT

PACS: 73.20.Mf, 78.67.Pt, 71.45.Lr

1 5

2% 101 55 B A AL IOT (surface plasmon polari-
tons, SPPs) j&— P o4 7E 45 J& A 57 58 At i
() FL G A A 2 12 T A VA% 5 7 1) i /K
BRIy a8 KT H A TP HL LS R, X ffi45 SPPs
B WP A 0 5 5 7 S e . ARk
b E B AT B IR A FNGUKRBHEL 13325 SPPs 1%
W LR A KOG 2 U ) B A A FERG SO
S5 BT RRA HEUR  KE {F AE PO R PR BE
b (7 R0 AE A% R ) 4 22 5 T BAG J B Y g H S5

SPPs WA M 78 HA LA Ty s . AfTTAR
SRIA R B 53 4 Ja8 4 K SR AE AT WL i B B A

i

DOI: 10.7498/aps.69.20200614

B SRR, AR TS SPPs Hh 4R B %5 4H ¢ 9101,
1950 4F, Beeck FI Ritchiel! #f i 1 &5 34 Hy, 1 7R
25 0o 4 J v RS R Y g T LUk &R B —
P Fe T ML RE A, X ATAR AATX SPPs A T W10
NI, AR, fEREE 99 KB & g SPPs
AH A 58 18 20 WA [ PR 2z RS ATV . 1998 48,
Ebbesen 45 B 7ESC 56 [ &I, Sgtad 204 6 B
WA 2 AL RS 1) 4 e FBE RS , 378 S Razs i i ok
2L WIS R FIE, JF 3 — X A e G 2E s
#F (extraordinary optical transmission, EOT) [
HREIE R4 i /) SPPs O3 % . 2005 4F, 5K#
DRAGIZH W BT 25 R o P, 15 Bl Al K AR R
1 SPPs, Bk & i i 7R 2k s 23 BEAT B A 46 i
iz RN St Rl g N S RTINS S NN 5 i 22 i)
SRPAR BR Py s 3 HE AR

* EFHRB RS S 11874118, 11674068, 11734007, 91850101) il [H 5% & s iF & 31 %I (Ht#E S : 2017YFA0303500,

2017YFA0700201) ¥ BhAGi5LE.
t AfEVEE . E-mail: sls@fudan.edu.cn
i BIE1E#E . E-mail: phzhou@fudan.edu.cn

©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

157804-1


http://doi.org/10.7498/aps.69.20200614
mailto:sls@fudan.edu.cn
mailto:sls@fudan.edu.cn
mailto:phzhou@fudan.edu.cn
mailto:phzhou@fudan.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 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020) 157804

AT REARCRE, 4 0 R BT
T H A X E AR R K, B RR SR LHFm
SPPs #5 2 1Y 43 28 — M 7E A B, axX il R BRI T
SPPs W, J3 4k, BT RIK 4 T 1E 6 B 1) 4
e, HoR# K SPPs (WIS REE # o Fb AR,
MK T8 TP AN 7T 3k b b 2 1 BT ah 45
) Bk [ T 42 T+ SPPs 9 BUSTHAE . A T 40 B
SPPs Y n FHYE Il AT N T 3R 1H 45 B i Ak i
JG (spoof SPP) [HE&. 2004 4F, Pendry 55 12 7£
e L UER, R B 4w N SR AT A SOR A
()55 BT, (HR 7R R A S I P I
METZ I (WA TSR R FLIR), A
RATDISCHE N T SPPs B3, B M S LR M0 %2 ey
TSR S G LA S50, T R R 2Dk ik
Bt SPPs #23X.. 2005 4, Hibbins £ 13 &1 Hy —Ff
S JE ARG, JTR 0 S B B 1T Al DA SR

N T SPPs X, Wt () A HIOC R SES TR 58 56
54, BfiJG Maier 55 M $2 H 7E HoAA AR L IR 5
)4 b 20 SRS S5, AT AEAS ) B R TR R
N T. SPPs WAL AT R, 1] 40 FH 2 4 76 45 4 52 B
SPPs FRAERN. SR, )R SPPs AiEZ N A, [H
F SRR B R L, S AT = Uk
SPPs — B2/ MMERR. 2012 4F, JE 2120 19 15 1%
P2 R AR e 1T T AR by 3 B 3 A% i e Nl S
TP IR 92, SE SPPs #5821 s ki . AHE A%
4t SPPs #l & a8 14F, ARG 25 2 A R/
HES N )

FESZPRI R, SPPs 1 S AE B FIE B B 2k ik
TEBE I A T AL B IN, R2 NPT 3Bk b 38 3] 45 b 4%
BER AR LM B (W 1(a)). Bln, 24 SPPs il
2| 4 J& 2% Y LA AR TR 58 BB B (A&l 1(b)),
SPPs iz 2x kA AR A 24 HUR AN, 4G SPPs

1 (a) SPPs B8 Z AT 005 (b) SPPs 188 3] 5 ) 2 11 8k B I B ST 28007 5 () SPPs (9 S 555 FIAT 565 2000 195 (d) W0 38 4 45 88 38

TCYN KBRS 175 (e) SPPs By =4kt 35 3R Fa &0 9]

Fig. 1. (a) Complex scattering effects of SPPs; (b) scattering effect of SPPs striking a defect on the plasmonic metal; (c) reflection

and refraction effects of SPPs!'; (d) subwavelength plasmonic nano-laser'”; (e) three-dimensional far-field focusing effect of

SPPsl8l,
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Fig. 2. (a) Propagation and radiation of SPPs inside a dielectric waveguide®”; (b) anano-device for SPPs focusing/*.
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Fig. 3. (a), (b) SPPs reflectance spectrum of a plasmonic metal/vacuum junction system surrounded by perfect -electric

conductors®; (c), (d) SPPs reflection coefficients of a plasmonic waveguide junction; (e), (f) scattering coefficients (R,T,S) of
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Fig. 4. (a) Periodic plasmonic junction system; dispersion relations of (b) SPPs and scattering modes, and (c) evanescent modes in-

side a typical plasmonic superlatticels!.
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Fig. 5. (a) Plasmonic waveguide junction system; (b), (c) SPPs reflectance spectra in a waveguide junction system with different

metals or dielectrics; (d) an open plasmonic junction system; (e) SPPs reflection amplitude as function of periodicity P in such sys-

tem; (f) field distributions inside such plasmonic system with the first-order scattering modes appearing®®.
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Fig. 6. (a) Plasmonic Y-splitter and Mach-Zehnder interferometer!s; (b) total reflection of SPPs based on a nano-layer system!*!);

(c) 180° bending effect of SPPsl*.
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Fig. 7. (a) Colorful holography of SPPs; (b) reconstructed image of 3D colorful applel”; (c), (d) far-field focusing of SPPs!*.
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Fig. 8. (a) Semi-infinite plasmonic metal junction system; (b) scattering far-field intensity as function of ¢ and +/|ez2] ; (c) scatter-

ing far-field angular distribution of SPPs in a typical plasmonic junction system!®.
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Fig. 9. (a) An ideal semi-infinite 2D plasmonic system; (d) a semi-infinite artificial metallic mesh structure; (b), (e) dispersion rela-

tions and (c), (f) scattering far-field angular distributions of SPPs in two plasmonic systems!>.
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Fig. 10. (a), (b) SPPs wavefront manipulations with dielectric optical elements of different shapes/®%7; (c) refraction of SPPs with

nanoparticle array!6sl.
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Fig. 11. Bragg reflections based on (a) nanoparticle arrayl® and (b) dielectric grating!™; (¢) SPP holography™; (d) SPPs Airy

beam generation!™.
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Fig. 12. (a) Practical metasurface and (b) corresponding SPPs reflection coefficients!®.
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Abstract

Surface plasmon polaritons (SPPs) have found many important applications in on-chip signal
transportation, enhanced nonlinear/Raman effect, biological/chemical sensing, super resolution imaging, etc. In
these applications, the near-field propagation and far-field scattering of SPPs play a vital role. However, there
has been strong desire to understand these physical effects. In this paper, we first briefly review the history and
progress of SPPs. Next, we mainly focus on the near-field propagation and far-field scattering of SPPs, including
their fundamental theories and practical applications. Finally, we review several different approaches to
manipulating the near-field wavefronts of SPPs. These researches offer us a more in-depth understanding and
the ability to more strongly control the scattering characteristics of SPPs, which may promote the scientific

researches and practical applications of SPPs in the future.
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