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RLZBRE BN RGHA B T IERETFHEN — DN EES L —Y9PREE F UGS (nanoplasmonics) H
A ORFERE S B 6215 e AN Z S R 2R R R ks X B FE B AE T ST B 3 R UK (optical
surface wave) MPJEE I 5 H 3R THI%5 B T ¥0T (surface plasmon polariton, SPP) FIMES, Fi FRHAE 3R TH A Bk
& J@ BRI SPP 2, 5] H 2R BEz /N TG K A4 K 42 8 0k 5 ' F s iR AE BLAE FH 25 R AR bR T 55
BTG (localized surface plasmon polariton) IIAFE7E, 78 BPGKEE R T B AR, £ TAKER T
WOT 2 R G UNFIAE T 2 UM 1A G0 RS, B TTREH T A 2 9T I VF 2 45 3 (R H 0
Jei, W ORTE T T IR K J I 51 RSB R 22 SV B AT I 1 R 40K A5 7 10T (funeable nanoplasmonics)
AR AT, YRR AR D' 2 S TR AR A T R R, A AR oK S BT S A A B R e S — A
BAARF S E IR E T M. KRN A T X7 T A Bt g, HXTAE7E I Pkik 22 nT fe 1) & e 7 1 45

WHEAT 1AL RS

KRR RIS THOT, 9KER 7ot Wb, ARk

PACS: 42.25.-p, 42.70.-a, 42.70.Df, 78.20.Ek

1 58 =

AKLER FE R — A RPKFEE Tt
(nanoplasmonics) 7R & k25 i FE Al v A2 K 8 i
A RIE JC A3 2F 1 ) o S AIF 5T A SRR ). RS
ZRIARTE NIRRT R IT .

HAZMBMEE FRUcME. BlBT
SR BT R AE 2 plasmon 1) i i AN [ i
TARIRG RAECHI RSN T LI, A EATH
B RAE N Z 2 6 HL 5 16T (photon) I EH
H SR M E T (plasmon) MR A&, H
photon-plasmon polariton (5ZFx L polariton X4
&2 H Fano 2 152 51 N R FB1E B W A5 b R
SR AT IR A B), BT RSOOSR
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HHIAE ANATT B 4 20 58 18 BB AT & 181 F7 A plasmon
polariton B¢ ELH#EFRA plasmon, AT AAS SCHE B4R
A& ST HUTREREA.

HEZR P (optical surface wave) &—MHE
PRS0 Joit S A R 00 D' B RE IR MDY 5 7 THT Rk,
& KD I AR R R S b T B L, I
A 1) P A o7 s SRR R, S AR O T A ik
UG S TH A A 26 R 8 I R, B — Rk, e
IR G SA H HBO SI B % B A R A
— A O T, BTG L O I SR EL T
FLC G R (W4 R AR AR ) OGS H RO s
F R AU, DAL E 3K 6 < a8 R R F A o T A )
G a] DUE AR 38U - 2R R A f AR . A
ROk, X g i H TR 2O
S 1) AR ) T A6 RS PR 3R THT 46 B8 1 0T (surface plas-
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mon Pl 8¢ surface plasmon polariton, SPP ) Ul 3
%o AR BT AR BOG A R R BB, AR ZRA S
Xof DA F P A EE S B AR S T B TR I AR )
VB S 308, DA% Bk R ik 4 [ 250k
THA — AU SERE A

20 40 60 FFEANK, BT 3CHR [5, 6] £S5 TAE
R 1O AR TN, AT S AT SPP
AU 5 2 v E (PR B A7E 20 tH 28 4] Wood 7] 77 4
J B0 M S R AT T AR BILR TAE, &4
FESE B S 7 IX AN, R85 R A 1 Ritchie
S BIE se H R W5 & FHOoT IR IR). ALK,
T 2 THI Y 27 0 2 THI ) 3145 1 22 U0 Y 2 3R THT UK
BEAT 1 AH 2 KR 1) S8 S B T 78 9F 3R 48 T 1VF 2
AR 0200 H TR BB B R
BEA PRI R FEI, 2R 5 B [ iR R —
BB H 2. KPR b, 72N H 07 SR AHES)
N, T BN A R T A R AC B AN SR AL R DG
HAL1 17 1) SRR, R B a2 Ol 2 SR T U PR A 2
I8, KT 2R TR RS JE B 25 i RUE < i JRURE X O FEL
TR A 6 5 W) ) PR AR S S B0 B 9T — ELAE A W Mgk
1T, JF Tt T AEGUR R & 8 5 8 R
LT St PG Y8 W) IV ) 5 SR —— A SR THT A B U
7t (localized surface plasmon polariton, LSPP) [
FAAE PU28]0 B 2 BT (R 9K 55 B TG 2 AR
B, BHFR T SPP XA R — AN K R 7
), JREDAE L /N T (R0 6K f SPP 3 ik K
(OKEEZR) i gh oK R 23 (87 ] LSPP 12 O+
X AR 5 8 I S 3 A i R AT A ) Ak B ) R AT
£ 20 28 R i AR RE SR 1K % A 44 K AL RH 8 HR
(B F 3 R b s B T AR 2ot S A S ) K
2o h ZIREMME1ET, 8F & MIEIRER
YR K JIURL B 51 1 88 A4 kL (metamaterials) 1 il 45 A%
DICHE T DLAOK S5 B T I0C N B Al 1) s 1 R R AE
T 2 SIS R RBAL G0 5 R 4l JHEETT R T AR
D6 IE I VF 22 R e IR U, 2 AR T OB AR
(laser) ff) & ¥ X &9 ——Spaser (surface plasmon
amplification by stimulated emission of radiation)
P REA IR R T LA A AR M1 AT
I, R R R B S AR S N LA 4, O T T 2R
TR R Bl A

E L FH B0 75 SR B 5 JJHESN T, AT i O 9 K 45
BT 00 2 24 4F (tuneable nanoplasmonics) 27201
AN —MH B EE ) B H 28 5] #E AR 2 RTE

R TRAL. T A A R S S e N T A 1 22
5 (WX S 3K, 7 A 3 2 ) R 2 e
WA ZH T T A O K RS TSN BT 1 i 4 ),
FIt CAYR St AR P T 8 11 ) 9 0K S5 88 T s S A
e — A B AR S E SRR T . RLib
IR TR TT I TR R R, AR T BATE &
FERE BV At A 1) 5 T F) A deJim, T ok iR
FOUHR A AE R Bk A B T E A 4K 82 B Uy ) St EAT
T HRLI R

2 Fig 5w _E#y SPP
2.1 FEREEEBHAFRER

B 1CATE— AP AT (X-Y) B X J7 %
WG RIMBP B I Ai. e Meg 30 2 H
T T PR S A G 22 A LG exp(aa2),
a; > 0Mlexp(—agz), as > 04 1l 7~ HL 3R TH 3
FEPIAN AT A ) FE S e 4R HOsE el o3 A

YA N
E
) \\
> >
0 82/ I

Bl fEFEFm (X-Y) BRI R I Rs a1
Fig. 1. The electrical field distribution of an optical

surface wave propagating along a smooth boundary
(X-Y).

IR B S, WS EE T 5

T Z 7 1) () s 70 A N
E, (Z) = <E?x7E?y7 lalE?:Jc> exXp (—(112’)

x exp[i(kzz —wt)]  (2>0), (1)

—ik
E;(z) = <E317Egy7 O;Egm> exp (a22)

xexp[i(kzz —wt)] (2<0), (2)

o} = k2~ e1(w) 3)
W2

0f = K2 - ea() . 0

Horb w RIGH MR, c R AT PROGE; k, 2
RN AL HALRE T 1) _ERIIR, HA Re{fan} > 0,
Re{az} > 0 M Re{k,} > 0.
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K B Maxwell J7 2 5 H 19 #1637 (30 5 2% A
PN B3R 22 30, BT BAAS 216 A 3R T A5 I A% 3k
M=%,

1) 65 R B2 — A p W IR R HE (TM) 3,
w7 7] = AL 4%k St i,

E}, = E3, = 0. (5)
2) e1(w) 5 eg(w) HAMRHIFTS,
£1(w)/e2(w) = —a1 /s, (6)

B &1 (w), e2(w), an, o ENEEL, WH &1 (w) >0
WA ea(w) <0 (a1 >0, ag > 0).
3) RMP 2 — 187 Ik,
w? e1(w)ea(w)
Ko = 2 e1(w) + ea(w)’ 0
k2 > (w?/c?)er(w), RISRTH W IIAL R0 R KT
ST AE Y ST A T &g P I R
ER=EE A, 1) A 3) 4 i 3 T A
IR P AL AR e o B R B SxoF T A o 6D 28 T Wk 140 06 2
ARAEFHEIR, gt 5 11 2) WA X T 4L fe s 2E &
TR 7R B 3% THI I8 1) S THD P4 8 R A T 1 0 2 AR P 11
R, SRR BTRL, TR A R H (SR N
(B TR BT S0 A 1o 25 2 THT U 1) S B BT .

2.2 EBRNBRHIATINEBEEH

T EHERENEHBHE T, BT IS
R SiE IRz s, R aE A A A B 5 R
o. FEXMIEN T, H Maxwell 7125 H 3 50 7 F2
NAZ A

pe = Amuo
V2E = ZE+—5 B (8)
XTSI w R, BN T FE AT LA A
V?E 4+ K*E =0, (9)
Wi Ao
kQZCT <5+1w> . (10)

RERE &R BEAT R AL,

4
e=cp+i—r. (11)
w

AR, o0 KT RAHE THITR, 71 0 WK T
LT TR, 8, PR w R T
T 9025 T B 4 4 0 U s
e T 7).

MR 8 B TR, SRt TS
BT LIS
mr +myr = ek, (12)

H mag &, e &1 AT, 1My 2 B4R
ERIBHJE BZE. X T AR READE R, Fid
JTRE AR A R 2

e
Cm(W? + iyw)
IR N & AR AR N () HL 7 8, IR 4 HUIR B
AT R T =

r= (13)

N'e?
j = N'er = E 14
N
j=0E, (15)
CIPEGE:
1,2
oo N (16)
m(y — iw)
WERFEER e = e, + ig;, WFTLAFH]
4mN’e?
r=E&b — — 5 5 17
T m(w? +~2) (a7)
4TN' ey
u— - - ' 1
fr=em o (w2 +92) (18)

FREL, @A B A R — N R BRI R
AR ARBR T, oK H R0 7 1) sk 2T
NFRE B BB TR TR, BATAT LA e, =1
Leew = 0. A, e KL e, BORRFS Ml F0 %
we LA AR IR

5, AmN'e*

= ~ve. (19)

MWRAEE w? > 42, I HAR TAETE R w2
(w? > 2) MIARHE iR (17), (18) AT (19) =X, itk
J 4 R BT FL B B s =
e~ 1 — (we/w)?, (20
&~ %(Wc/w)? (21
XA, 1E ARSI /N TG SR, o < we, 4
& [ A R H SR UL

W,

2.3 AFREENPIIEARR

H 2.1 01 2.2 5 B i R, Ol 22 R TR 1 A AT
4tk T B RS TH (0 PEAA o B AT AR ST 5 1 (S
Pi8) A U B, T L R A AR — S D
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AR ] N L 2 A L B ) S e R f L IX
FE, 7E FHIX 26 45 @ A 0 PR — M B i A o (o
AR L B RO TE S P 2E R S D b B RT
Jih AR I A AR RO R T . 2.2 T A, &
B U B A E F ERE T HRER
HH T X, X B E LY
(photon) UL T BT K SRR 4R ¥ (plasmon) Fir2H
K E&EMET photon-plasmon polariton Fft
IV 2 K Gl 2 SR THI I8 () ) B AR Joid P £

SRR b, 21 W EER ) O 57 2R TR
8 BT ST 0 R 0 A2 Bh 4 & A o R e R
FREGIRGMTRE LR, WE 2 s,

A
HAN
HE
Y s | .5 ) FE.
1] | | r
+++ - . +++ - X
H®  4p

2 IR E R G R PR Y G R B B R
]

Fig. 2. The collective oscillation of free electron gas in
metallic medium excited by optical electric field with

vertical polarization.

T2 3% 3) I 1R ' 27 2 THI I8¢ P 12 YRR 128 1 38
ST DA AR BT 4 TERE M T i
185, A9 3 T I A 1R R AR HLAY o A
B ICE B R R U8R, ZER2) Sibs LR
PR AL S T AT BT IR 1 3 YOG 22 R K (optical
surface wave) AR A——=&JE /B B B H TS
IAAAE.

2.4 NFREKHNHMES

FEHR 2.1 TR B R 3) SR B BB R EER
TAE 5 G AR AR FR A T m A R S T U 3 Ok
X Bl B R ATV B AR I A A
JOR RSP T ORI A R T . BT RA, 7R SK
I RSB B I R U R S R R R EM. T
A 2P P i LA SE IR & B
241 #EABE

MR A RS, UAGDOLIE ST 2w
LR TG A AN, HoKFahEl KT ES 4

B A 5T 2H 15 3 THI A% 47 S I ) FL A BT R B T T
BRI RE &, AT ' 5 AR 2 e 1) T A 36 3
R 5 I B S BEE S A A EIINR, 24
IRFE P /K P 3h 5 3R T E R R B =
FHUCHEC RS, WPEOR T 76 e S b A% 3 0 % R T
We, TN T AR R R I A S S OGN T B, X
A E A AR T I D' S R T A BURh.
PL, 6T B AR N 2984 [ (attenuated total
reflection, ATR) R, SCHR [5, 6] B RAESLH 5]
AN T #ERRERESTB, SSRGS
Jih, 4k 3 .

I

>SPP Spp

1

I

(a) (b)

K3 FREBHKBERMAT (a) Otto Al (b) Kretschmann
gt
Fig. 3. The coupled optical surface waves by prism:

(a) Otto and (b) Kretschmann geometries.

2.4.2 RAMFBE

Wit JEZ 8 1) R S 8 ) D' Al T L NS DY
RS CLATAN R K -F Bl i, TR D't 2 3% T RS A 2
H <6 & R R A BT AR e i T b T An ] 4 B
71 FR R BE R DA, X T — DB IR (TM) A
S P TET, FORE IR 4 ' H, T DUS

H, = Aexp {i[ (koncsin®b) z
— (konecos ) @ — wt] }, (22)

Forh A MR EE R A X T IESZ A RO, BIFE
MHE S A2 2 B RR A,

T = %sin <2TLAZ) ) (23)
JUES)
H, = Aexp {i {(k‘onc sinf)z
- (konc cos 6% sin 27};) - wt] } (24)
85 (24) 2Wt% Bessel B AETC M I T L JE T, 4T

H,=A i Jm (—gkonc cos 9)

m=—0oo
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X exp{i [(k:oncsiHH—i-mQ/T) z—wt] },

(25)

A LLE BDEME ST T — R E LR L,
Fs:

2
kym = konesin @ + mjﬂ (26)

ZHm =0, £1, £2,--- ZEMEIRTE FR. TR,
WERIEA Ky = ksp, WITESCHE ST FAE R G5
T vT LA NS R 5 S B, 1 e i)
AT . S2Fr b, Wood B & B /E 4 )8
LB YR T AT B BRI 2R 1) i i AR
JRAAE T B

B4 n] AR O 2 3 T PR e B T o) DY s o P
Fig. 4. Amplitude modulating grating for coupling

optical surface waves.

2.5 HFREFEIRFFERTRH

DA %o s 2 2 T 1) B0 WF 90 % B A W
F Sl N FRAR YT S S B R AR AR A R
RIFR T . SR R, 3T =208 A B o o7
AR AL (R BUREHAL AR AT Zom i B, T A K
b3 55 S JRAE S D ML R e S B A
PRI R A AR K E, UL m R 2L &
JEEARM T RO IS 3R I ) 2B B R AR L
HURAL AL F i BIA BRI R, AFERLUR =
73 T (R AEHLEE.

o, T EREeIN R R A, HE
P8 FA) A A 0 SR AN PT00 F) WR HAHE E ( ).
XRR TSR AL FTAE TT RO S B A L B
RS BN B R ALRE (< ARAEXS T AT W)
B, I EERIFE I S5 HEAT B 7 DA R R R 23 1)
RIPOE I RE NSRS JE AR, 0 T 22
SR MK REE SR T L.

LA, T BRSPS XA 4 Hh B S AR T P
I BLIBUN (T k. (HGZ, Xba Ly 7
AT RIORE T T 1S P 2 T AR P2 S M R B 7, 3 380 17 0
LA < R B R 5% 0 % ' L 37 W S (1 R

ANRZR, FEMAALF R EXANEZRENT —A
WK RETT 0], XA R AR SRR 1) T H LAl
FTE.

=, IR IR S UL G K T
FRSNAVORE. Xt BOME R e I P FE R . A — i)
YR, TR TH] B¢ R A7 AE S e A% 4k BT AT 000
G L, AN Tk Gt T K AR S S A
YERL, BOULZR TR (— 8653 ) fe G 4m ot SR T
FR A% 3k 1.
2.5.1 KABRFER@DE
2.5.1.1 KRR E 70t (long range surface

plasmon polariton, LRSPP)

N T WD R PR AR AR A, Sarid Y
JedE T AE I T PN KRR H A T 5 T
S AL S AR G S R T RS, AR S bRk
B0 sEB. Sarid B IR EL S, M 48 AR 2
g Iy, CE PN 42 - F A A T b O B R 1
HEER P AR B E N, FEE A0 BTG o 24
PR o 1 g SO RRAR S, 4 T SR TN
(1'% H 37 1 < JaB s e 1 23 B, AT KO B2 b /b 1
F I RE B AL AR b 1) & AR HAGRE, Wil 5 B
7. PRUNAE Sarid B84 rp B4 2 BT 45 5 1L
TUHRFE I 42 JE I, BT DL P R ' 27 3 TR A PR
Z N LRSPP. 1T LRSPP 15 B 37 1 4 )i T4 i
HE R K 4R, BT LLIX LRSPP #8531 4% 4 4 FE L
i — M) SPP B XA — AN EE 1) ek, AH AR
ERKEIRA — N HEL NS, WE 6 (b) H il
oA X 1) 3 9l 4 e S Wl i 3 i 1) i A A0, P s
(E16 (a) &5 T F T B0 AU, 00 P P s A o 45 4

H1Z%).
— éjj

>_ HLAMT 1
EIEA 2

KI5 < AR IR i 2B R P AR 2 T B S S AR R THI U 7E
RN 35 A

Fig. 5. The field distribution of long-range and short-

range surface waves as the metallic film thins.

H M Sarid #2 th IF7E 5556 ESEIL T LRSPP 2
Jai ) TEIXAN R PR T T K B A BRI 90 S A
o0 R 5256 T A 125331 Berini P4 &8 N4 T 45
T IR T TH A,
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A =632.8 nm A\ = 632.8 nm
g1 = 3.0000 1 = 3.0000
Dy =110 nm
g9 =2.3103 Dy =45 nm
D3 =17 nm S AR
e3=—17.5 AR IR +i0.65
+i0.65
g4 = 2.3103 LRSPP g3 = 2.3103 SPP
(a)
1.0 4
0.8
&
< 0.6
43,\4_
= 0.4
=
= 0.2
] LRSPP PP o)
0
60 65 70 75
P/ (%)

El6  (a) BUEBARI P AR L S5 IS4, (b) KR
FTH P (LRSPP) Al — M R H B (SPP) H 3 84 K 5
Jilrif

Fig. 6. (a) Structure parameters of LRSPP mode and
SPP mode samples; (b) excited spectra from attenu-
ated total reflection of LRSPP and SPP.

2.5.1.2  KFERM T BT (long range surface ex-
citon polariton, LRSEP)

U LB, SRR B BT RN PR S5 A
REOR AN, £ YA T AR AR R 1 P A [ 2
MR A L E R, AN ARG T 70 2 M
AR AR AR SR A i & R LT
B 7 B R SRAE AN A SR AR R EE DR d K9 o T
JR I = g4 (DX 48k 1R 2 B Al s A i, Hok A
HLH KL il ey M ey B IESEHL. [X 48 2 /2 T
NI, HFA B E oo = eo, + g9y, Mg > 0).

7 A
d £1
€2
0 €3 )
X

7 EHBEN TR = EN A
Fig. 7. The three layer geometry including a very thin
film.

G R TH —FE R A R Wl S 2628, B 7 B
N Z R EEBOCR TR RN
_ egaa(er1a3 +e300)

tanh(agd) = )
£16303 + e3a1a

(27)

of =k*—kie; (j=1,2,3), (28)
k =k + ik;. (29)

XFF R, MR E R Re(ar) > 0F1 Re(as)
> 0, LAEAEL, 3PN HLA Jo X 38k ol HiL b7 2 B
FE ST R . X TR =R A A, /)
g3 =1, PIROECRR RN . — 32 BA KX
XIFRI) Hy, 3,

o —E109
tanh (aad) = v (30)
3N A RFR) Hy 5,
. —E&o0r1
tanh(aqd) = v (31)

ot T 1 L 35—, 01 L 5 7 2
Emd < 1, MEEHOTRT F

1 ~ —E201

*C(Qd =
2 E10

I IR o5 k B9R AR AR UL AL 10 R RO R,
R AR ke (RS- 5 R #B 20 T3

5 G

(32)

ke 2 koey!?

2 2 2 2.2
(652 + &y —€1612)" — i€l
2 2 \2
(51‘2 =+ 612)
2 2
mid 2. g9 <5r2 + &7y — 515r2>
koo koel/222 (29
i — 051 51 )\O 2 .
2 2
(5r2 + 612)

] : (33)

(34)

YT &N S, NA erp < 0 ey FHXTR
/J\, M |€r2‘ > €49, liEs)

~ . 1/2 e (md\? e\’ 1/2
k)r:kofl 1+5 )\70 1—; >k0€1 y

(35)
ki 2 koel/?e2 (T‘d)z el + 21 T, (36)
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ky & kget/ %62 () e (38)

BT ke > koey/?, X B R — AN, HE &
007 12 FL AR FR I RE I LG T IR A B A L
REFY SEPR b X BT 2 A A A
SRR T Z 00 R ORI, I R T
eI 2 Ah. A B B R ORI
VHE S o 47 Al D R B AR IR RE TR, (E
AT AR ) F S ek

1.0
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b O i
0.8 i} i
DCHLiE . |
o SRR |
0% 0.6 HAR +
~ T
= 04 14
t4
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8 TE& B 3.39 pm WK TR KRR T
P ATR % (252 E Sk [36])

Fig. 8. The ATR spectrum from a long-range surface
wave excited by 3.39 pm He-Ne laser in vanadium thin
film. Adapted from Ref.[36].

WRTHTIR, 4B G A i B S 6 AR
KERMERN. E-MEAESREFHBTZE
S5k 5 2 M EAE H B IR YT AE C. 1
W, —He S AR (A4 B fE T W B R R
UF I < JE” 1, HoOb e B E B R A BRI A sk
B B/ 1) I R R, T AE 2R A B U SR I <A
P, H A L O B A UK 0 E S A BN ) IR
REER. T L E e R, ek (Fe) £E R L B &
(V) ELL AN BEAE, R 06 22 A Wi 2500 R
AR /IS B 48 0 <2 38 R0 A 24 K I IE RS, 1R 4]
PART G A 8 E O 55 — KR 3R TR NS FL A it 45 4y
A S T B SR Kovacs P9 1 2 76 7T 06 9 B
(Ao = 540 nm) BFFT T FAEXS R A5 H 1) Fe i
R, IS HA L E LN 0 + 117, Yang
25 50 [t 5 7 5206 1T 47 AR B (3.39 pum) T ATR
BARBIE T I e xR HA 57 R VR R ) ok 2
R (A& 8 Frow), F45 3 H BA 3R &L 1A
HLH AL 9 + 148, T H BRI B4 TR K
(R Wk R A i P 5 S R B % LA o R
RN R, T AE B A BT (exciton)

PRATZRAL, FA L O AT S8 9 21T R 305 3R
KRR AE HOPE T (A0 & 9 Brow), Bt BAFE STHR [36]
Bt 5 — R A AR BT ) 2ol 2 KRR T
IR 2 K AER 70T (long range surface
exciton polariton, LRSEP). SCiik [42] X T 7E % 4~
FL Aot X 33 T) S A — AN A0 Joi M 1) = S A i
Fag v BT R A% % AR Ol 2 3R TR I 3 T 1 T 45
T BN RR LR,

Er €i

o

9 BT B M B BTG 2 A U BT e
FIER &5 HICHFIRRIR R

Fig. 9. The relationship between real part e, and imag-
inary part €; of an optical constant and frequencies

around the excitation frequency of an exciton.
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5 VAT o BURK, R 2 R R . X —
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WIEE | Ak 5 O 5 A R T AU A R AR 2 Ak,
— 7 T 1R T B LA I e R A R 2 THT A
(1) 7= B 20— FE R . X IO BRI (JLA)
FEURE 52 T 2 11 B AR 1 S A% 4% 1) 5 0 77 THI ) AR 9T
A%, X FEIE T8 — N BE 8 1 i Hh A S
06 45 SR B R AL BB AL () IR . 7EAS R 0 22 A
N Farias Al Maradudin 3] #5400 {15 7 AR 5 B
R REL S 5 L5 25 7 T 6T 2R T 90 A% 3R B2 1 52
Paulick ' U T — A FIF MR T, FF5IN
IR 22 T6 KH A 2 B0 A5 A0 R IR 25 AR ADLAE A
PR FEE 0T R T AL AR B 5om. 45 3 R 721X Ly
FRRE FE 51 AL 1 A% 3 rh 2R 1 I 400 FE, 7RI
V430 43 2% T U8 1) e = bR PR S 0 O AR S B B
TR A 2, AT I8 BT I 2R T U8 ) A 9 4 R 5 Rk
R, BEARFR RLRS FE AT LK 2 R T A & 2 H
B 7S [A] Hp 2, A AT LUK B e 2 A o R~ O A
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I 2H A 25 A R R R R OK T AE T BRI Ak A A
JE 1= fH R An 45 B — A 5 SR 4 RO AH
FEIBERI AL A5, R0 A HH 2 R A EEA.

2.5.2.2 SRR IR L At AR

1 455 R T B 1D JE R Ok /IS B T — AN s FHE B
F T 2 (0t B, 4 VAR T AN I R ) SR
Sy, G A BOX PR 4 T T D A A H
B 5 A AR T R R ACTR 45 1 6 22 A Fe R 3 (a7
SR UL SR & B AR A EEAE B — AN E B3
SIPAT R OE). — MUKk, B R 0 4k 2Rk
I, A B S A X T B, T R S RS
BT, T, #m e m . Yang &5 S S e AT
DL B (632.8 nm) T S5 b P 33 Ak 4R s B
T AR B AR, LA L% S
& —7.34+156.09 55 R HUH 20U R 299.0 nm 1
SRR RE, B 10 B A ie s 2 ATR BUih i K.
AR, IR — AR R TSRO LR B AR K )
b f 45 5% (1) LRSEP, R 1] B H %A HIE 3%
T . B G SCRR [49, 50) 782 5l S 1 4
B B R M AR B RO S R T AT T B A sk
AT

1.0

1 2=632.8nm
{ mab

1 PR
I
i

F5tE /Rpp
o

10 AU IR B L  R I K ATR B
P (e B SR [48])

Fig. 10. Excited ATR spectrum of an optical long-
range surface wave supported by a very thin silver film.
Adapted from Ref. [48].

DS D9 5 SE 58 BT P B i 0 2 0 el IR
TR B T S AR (1 I U R AT 5 L R e p 4
S A DL RS ALK, 1K DLACRURE ] LLZIE 2 Bk &
Je RURE (T B2 e B A, AR HLA Y A e R ) ()
I B B A e A& B T A, 7R AT A

Maxwell Garnett P13 H4 i 56 T B ' 3 K 28
(197N & J@ UKL TE 77 70 A T B A R R I B, 5
XA RO R I S AN A, S SR B S
ASHOEYSSEAE IR 8

A A RPN AE SCHER [48]) R BT TS
Maxwell Garnett #8237

€ —E¢€p N Q (5a - Eb)

eb+L(e—eyn) ep+L(ea—ep)
& = 5b<1 + Q{ (gar — &1) [eb
+ (1= Q)L (e —2) ] + (1 - Q) L2}
x{lev+ (1= Q) Lew — 20l

(

+(1-Q)° L%ii}fl), (40)
Qaaigﬁ
leb + (1 = Q)L (ear — &)]” + (1 — Q) L2
(41)
He, QNESET, LATRET, e NEBIIE
AR, ey RTTTE R A PR B, & SR
(A AL

(39)

€i

3 ARMABAENARELETFE T
# 70 3k (localized surface plasmon
resonance, LSPR)

3.1 BANEEBRYKENA LSPR

Xof 4 B T KRS 5 3R T 45 3 0c A% 1%
PAFER R T, FECT T 1A &8 Ok 5 N
ST THT H R AR ELAE FH VR AR ZR . AR /N JBURLAT)
SRAE &R ALK, FTUAE R I B BT RAESN S
(%) BLHEIZ BB T, 38 e 4 B X s TS AT O
T ARG E SN SRR AL, 751X 4 8 ki 5
FE 92 (0 LA o A S T b R RS B o SRR, M
T 467 38 3 2 1 1) LR 37 B P T SR T 3 7 2 [X 45K,
{E2 B T3 Pl 55 B8 1 SO0 3R R BR T/ & J ok
P B Sl e 0 ST F DX 3, T AS B AR 4R TR,
WiFr 2 N LSPR. sZFx b F7E 20 22 4] Mie P2 5
R 3 Maxwell 77 2 %5 N G 21 [5 3R A2 1) 4 5 ks
{10V THI FEL B 385 TSRS Y R AR ST T BN R Gt
A HTE 7. Wl 1R, — B RNe, ENE
THON em AT A HFECN eq 1A T 1
BILI G A (S )8) B T8 2 5 A IR 3 F i 2 7
TFa) i 418 £ T T FELREG S8 29 (o) IS A T TG p o A (A%
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bR T, 0) BIEE R, & (42)—(44) SNERIAB I A
HAE BT BUN B 0gca~ TG T 0exe ARSI THI
Oabs ﬂé#’ﬂ* [53, 54]

Osca — |k|2 Z 2L +1 (|G’L|2 + |bL‘2)v (42)

Toxt = |k|2 Z (2L +1)[Re(ar +br)],  (43)

Oabs = Oext — Oscas (44)
X, kR AGHRIBR; L2, Kok, I
M B = 2 R RO 4 @, A1 by, A& HH Riccati-Bessel
BRI, M, TS,

by (ma) 8, (x) — ), (ma) b (2)

U g (ma) o, (@) — 0 (ma) x @) )
o (ma) 4, () — m) (ma) i (@)

b = G ma) vy (@)~ ) @) D)

AL, m = nm/ng, nm = Nur + inm £EBHE
P2, ng BN RN E, 2 = kga, a
(& )8) BRI AR, kg = 21/ N g RN IR
ERTHRIBR.

A\ 4

BI11 HAY o 4 R RN v sk P
Fig. 11.

metallic ball surrounded by dielectrics medium.

X TR B /N T K (o < Ag) BB DL,
DUV RIURE 5 38 A 0 L3 T DA R & RS 1Y), B FE HES
UL T 9556 1 F 2 < 1 Riccati-Bessel
BRIECRT DA R 4% R R T R T LRI AL, 2R3k
ATRARFF B 23 R, W] IR (45) 1 (46) P9 =X
A LA a4

Electromagnetic wave scattering from a

202 m2 —1
3 m242’
bl ~ O, (48)

FEAh B v AR K g, B by, 72 R DR 3 2% O A
T, #RE.
Fm = (e + inmi)/na RN (A7) X, WEH
223 M2, — 2+ 120, — nd

ay = —i— - . (49)
3 n2, —n2; + i2nmnmi + 203

a] ~ —

(47)

WREERMIEN B E e, = 1 + ieg (61 =
2 JB ) A R 2

Ny — nfnia € = 2nmrnm1) %DEE
ea = n3 AN (49) K, WFH

22% —ie} — ie1eq + 3e2eq — i3 + 1262
a; = — :

3 (1 + 2e4)° + €2

(50)
W (50) TARN (43) 20 RBUBRFEIR, Hin] LT 2
BT 32 51 IE B AN K < Ja8 UK 1 45 B8 o L9, R
LSPRJHGAL i 2RA 5
187’(63/2‘/ g2 (\) 51
Oext b\ (61 ()\) v 25d)2 ¥ ey ()\)27 ( )
H v 2& BB AR, Rt m] LIS 30T
AR B ok =X
o 32mleq Ve (El—fd)2+€§
o A (51+2<€d)2+€%'
JRUE PR LR, IR p AL SR RO TR N R4
JEMURL (B2 < 10 nm), {2 X T — LR )k
HoA L R ) 25 B 2 M 2 R 1 7).

HAE (51) A i 7 BB ME I BTEI] €1 =
—2e 4, WNHGHTE AR HROR. X H TAKE &R
BRGNS T 1T HE R 99 Y LSPR W A U 5 Bl 4% 1)
R BT L B G &R B8R (51) RBHRH T,
UL LSPRIE 5 & @ Bk 09 R S 4L e I o (06
LSRR, MUk, SRR E T HLSPRALT
A6 B, Pt LA oG = I i S . AR AR
T EA BN A ORI R B BN
I FE, H 2 &R fa e v S R 2 85,
A DRE SR IE M, AN KRTRLIE & 2 F A T
LSPR (556 M .

JAE Mie HUR B8 T A B ] S RORE ) RS
A PR BRI RIURE (1) TR 6 A5 [ SRR (). TS SRAE R
L RUEE 6 /N T NS G A /AN BRI AL, % T3k
SPRFIAM BRCIR 4 8 FURE 1) ¥ S a8k T m] T 3 e T AL

AR5 PR

181’(53/2V £2(N)
An(10) | (e1(A) + xeq)? +e2(N)?

(53)
HhZ 8oy = 200568 N B BRARBURL. 7T AE ¢
B v 20 LA AR B B A 5 i 14K SR B R A9 3Kk R
L 590 Gt SRR ) LR AS 2 [ BR oAb B, 84
A AR AT T AR B, 2620018 B TR T4
B BB AL T IR AL B

(52)

Oext ™~
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3.2 £EFNAKSPERLSPR

[FIFE 4, Mie B BEE 3 22 DUAL P L[5
ERPRPIURE S P 1H1 F 1 30 FF) RS D Bk 7 R A v e O
(K. 72 AL 5 R HER (1 RURE K] B [, 2 22
SRIX L TG 73 A BR8] FR) B I KT OB Y
P, TREIHIE TE X g b i s R ZO I IR DL
BRSO BURLAE 9 ST (07 BRI S Bs
[, XA RERL ] TSP S I AK S () FES
XN S5 S1- THT LR R N2 R E T o, B T B <
KBURL ) LSPR M 2 K2 305 377 8 9 R B0 7T A e 0kE
(IR I RS TR L A L e A i ) 0 2 2 B
SEAN (W 12), T 721X 28 G J JURL 1 94 K [ 1)
IR LA B P HEA 1 9K < i RURE 2 T8 )
BB AN TR, TTAETS BN 0K 5
L[5 B 0 N ST 1 THT FE F 906 P i 92 A 3K 4 B A A
7R R L PR AR T30 (LI 13).

(RSO
fhiffeos i Eo

K12 BAARFERE (15, 40 7180 nm) HIFREUR % i
G 5 A
Fig. 12. Optical electric field distribution near the

surfaces of silver particles with 15, 40 and 80 nm di-

—40 0 40
z/nm

ameters, respectively.

XRE, AALER T BN G K <5 R UKL A 5
FOT AR B B LAY R R 22 24, i HL IR R
5 14 Y e T 1 e UKL 2 (8] PR 4 AR DL, A 4K
< JeR UKL %R 510 36 NS P T R R 98 P i o7 52 B ) T
KRy VE 2 AERE. AUEUR LSPR LRI,
T HL ' H 37 18 UL 2 T8] ) 98 5 70 A1 S5 #8080 1 ¥
Z Al g, MM NIEARGIK G T2 T FT AT R S it
TN SES. B 14 Pras )y LSPR £ & & 41K B
RLRE 5 p (RS & S A% i,

FEPE VS b, AT DA 5 1 R ) A B A RO Ak
B K < J FURL 2 18] 1) B RS 5, AT DU B
ALK it e & SR, SEbs b, E2f
VF 2 AR AL BEGK & Ja UKL 51 5 LR 37 1A A L
100070 B, 33T DAL B i) 4 a8 JkL K
YUK SRR, A& R AR R 2R
FEANATRE Y, RS A 7 R SCRE R I AUE
B AT, Caf R 2 BUE R %, A
7 E AR AL (discrete dipole approximation). iy
WA PR 2 77 (finite difference time domain, FDTD)
M A BRICZ (finite element method) 284k ok
DL T 0 4083 1 A AL 95750 1 15 R 4
AE AT VR B 00 7R P A <6 4 K UKL 8] 52~ e
BRI LSPR JT 7 A2 (5 2 A FL 3754 588

B 13 PR e UK (8] BE 29 528 /1N T LG PR S
FEI IR AT

Fig. 13. The mode interference between two nano-
metallic particles separated by a distance far less than

the attenuation length of electromagnetic field.

K14 SRR MK LSPR MHEM & KA iH

Fig. 14. LSPR coupling and propagation between nano-metallic particles.
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BI15  LEPIA i RORL 2 [] f) e 22 ) FL S 3 1 i
Fig. 15. The strong enhancement of electromagnetic

field between two metallic particles.

TEFTA BB AL A b, #2 BOE & A Bl
PR J7 301 4644, Maxwell J5 #5225 SR A\ 571
FEL T 0 42 JB N oK B 7 (R 2. e DA, BIDASEAE: it (1)
RECZ/NRDEEK A 75 2 JLR TR, Maxwell
J7 AT SR AT LA T b A 1 1 H e S
52 B R Y BN R (B R RE) R AH
YEH.

A Bk v g0, RE ARG P T B TR
F AL 3% I 2R 102 BT UT LR (SPR) SE K &
JERIURL L BTl i) LSPR A %6 AH R I BEA 5, 5
& AT I AN [ 1) 12 57 2% AR 2038 1 1 A SR AN AT )
gER. Y Je A, SPRAILSPR MIFLIRMNER 52 & AN,
% ()3, A& B Re{en} = —eq, MHREHRT
& JE ALY BT A HURHG TTA% (51) 2, R E R
Re{em} = —2eq, HAMERGRT & @A B/
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AN )RR A IR s T A S B BT LR
PRI 2 ) B IR EEYE. B3, IR R A,
AU R S Mo A A2 ST b, W05 2 J A an 2
PR S FPAN ) 264, JUHR &R 9K BURL I T AR K
SIATIRAS, T AT B8 9 A T RO ) B LR
FrE. XHAVF2 MR 7R R & &
Ja, BEAR LSPR J& IR T4 J8 49 K Bk 380 A s 1%
&, (E2 BT e B A R 2 TR) A R B /N TR B
RN R S 5 F A I S IR, BT AR BORE 1
LSPR AJ ARG TR, JARH 2. IXFE, mimT LX)
EAITHE B S 3 ek 2R 2 mTEAT SR S, AR
2. X B LSPR N FERH 1) 5 27 1 ] 28 44 B
T BT R REE.

4 PAFETHTFEARLETFF
GRIER AL €T k=]

4.1 FF8iE & (extraordinary optical
transmission)

15 5 1 06 2 B e A% F 78 Abbe 74
1873 4F L 42 th 1 B iH /4 “Abbe 17 5 #) BR” ) 81
o BRI K N ET I O n A o AL iR
H16, E AT BARL AR 2 #2320 WL 88— U R AR 2
d = \/(2nsin ) (FH nsin @ FRZ N 8RB 15
EALAR). XX T o] WGk, % d ~ /2.
Bethe (1 4f5 U W 78 7 242 A r (9 /N FLIG B K A
OIS i S TR v gl L S [ v
Kng = 64(kr)t/(2Tn?), k = 2r/\, B 5 95 B
T o (r/N% B, Hr < AN, HFATHBT
e, FEH R AR /N, {H21E 1998 5E, Ebbesen
2 1760 H R AE 4 () TR - 2 ki 1 Py 4l > /N L
B, RN B 7 AH 4 e B S R . R AL
)42 S AH AR /N FL 2 1) TR) BE (9% 2710 5 450) #8322 /)
TG, AT AT A, % b
IR ) Bethe Y45 2R, 33 55 9 B2 i 2 AR H /N, B
&, 20— Ak 2D DE T 8 55 00 A /N L T AR I
SR B LT 2 1 IE S 5. Ebbesen &5 1 S0 50 25
Rl 16 s, A AR R A S 2, Hod
WNLEAE d = 150 nm, /NLA O EEE ap = 900 nm,
AR ML) J2 2 2 200 nm.

[=2]

SR/ %
)
-[0000

&
e
8

5(I)O 1600 1I500 2000
1 /nm

K16 HRE AR /N FLIRE 51 FA 3 S 9 5N DI B I ) 55 A

(54 E SCHk [76])

Fig. 16. The relationship between the transmission inten-

sity from a lattice of silver nano-holes and the wavelength

of the incident beam. Adapted from Ref. [76].

124214-11


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 124214

B, TR AR R B GOR G LI E
G AT L R AR AT T RO RGBT 0T
K17 B R RE dh 454, A7 9K 90 R (1 A 4[5
TE R 2 P A o L RN e R B KT
NG A % BRI A G 1 T b A B A  FLI
MBI =15

750 750
— _n IO L
330 tr
300 i Ni

:1 00 Ag

BT 9K IR] O B 2 4 8 R T b b g N FLIR R S 4
¥ (B2 09 nm, S H SCHR [77])

Fig. 17. Sample geometry with a central small hole
on an etched metallic surface with concentric circular
pattern. Adopted from Ref. [77].

K Br b, AR GUOKR P B A FLR &
S AT S5 T LT DL s iR O 18 . 18 (a) A2
1 < AR A ARG, 14 Bethe [
AT PR, R AR/ NROIES R, HaEd £K
JOW AR IMTHIT R, 1B 18 (b) A AE NS I —14
A YR PAEFE 2 vk S A2 /N ALK A B, T SPR

FAR AR, 45520 2 0] 2 8 hn, (HE 5 — 14
WA IRAZE LI SIRTHS TR A, B 18 (c) W AEIE S
i — 0 AR AR 2 v B SR A /N LI R B, (6459
BT LT JOAT 56 FR) R e A 48 e . X AR O I
WK TCATH (sub-wavelength diffraction-free) I 4,
X TV 23T 37 1 I AR A 1 BB RN R A
REERIEH].

AR, X ER BN, FriB ) EER e
FEOS T NSOGB 5 FE BT 7 i 1) /0 LA T AAH B B
H1 /LB ELAR AN 5 D 1 22 U T 4% Bethe 24 5K
BT E SR BN N FL DB S A B, A A 2R
HERIJINBERBOR. 1R, NEEE B T
K, ANTTREH a0 BUEE I 1R E ST . B
Ebbesen % " ff) JF @ ¥ TAE LK, 4B KEM
B R S8 TAR B X MRS R IT, BRI IR1E %
Tt RE il 45 4 TP AT BEAFAE /) SPR M LSPR J £ L 4%
IS A4 25 Ky v BT TIT RE A AE 1R T B AR 3 A B HLA B A
JH 4 178831 6 A Sy 7 SRS RN A4 T b 2R gk
o s 25 35 A R A0 B P BB AL A S ) R
<5 A AR KRR i S R TP R AE B T OT R G B AR R
VER R TAREM LR L B0 1 2 SR B it 7t
ZRERIRNBEAT BRI, 2 g 5 (0 B T4 B A
EIT I, JCH AR P A A 55 S A R R
AL AR %5 5 i 34590,

b ik

K18 =R NLREST - TS LR

Fig. 18. Three cases of transmission-diffraction from a single nano-hole.

4.2 TITHER

1968 4F, Veselago "0 75 3+ A8 4 15 & A 4 B AE
BRI R, SR H T R — AR R R R
A B B e R B RE 5: 28 p, G AT RETE LB |
E 5T S e 2 AR 0 . XA BAH 19 &
(54)—(56) 2N HY (FR I it & <3 IE 4 57 1) ) oL 4
TG 2 10 i T 0 S 1 S ).

e=¢e1+iea, 0<ex < le1|; p=p1+ius,
0<pp < lly n=£/Em (54)

€1 >0,u; > 0;

n=+/(e1p1 — eap2) + i (€142 + €2p11)
=ny +ing; ng >0,n9 > 0; (55)

e1 < 0,pu1 <0

n= —/(e1p1 — e2p2) —i(le1| p2 + &2 |11])

= —ng+ing; ny >0, no > 0. (56)

XEF— JBAE E AR TR AEAE A BOR B, HoAr
FLH B e G 3 6 p R IR S, S TR R
IR BT A TR, BTRME S OB
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WAL E A SN A E R S w5 HE, 3
SRFEH HEAAEAE B S N B G S R IR,
W& 20 fis.

AN Im

o ep
0 Re
ep

19 TR 5A R E e RS u FNIES B
ElESS

Fig. 19. The relationship between refractive index n

and permittivity € and permeability p with same sign

(positive or negative) simultaneously.
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SETW | KREHem
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BRR P ARk
BN FENL T i

—>

ERPE
B e<0
TL:—\/E—M n<0

K120 S5 IR v BORG = 3
Fig. 20. The permittivity and permeability of different

medium.
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. X, BUA AT BE AR MR AN T IS e A
Yo B R e AR T ([ LA B A U A
50 RES R, N B 6= 3 1R 2 [ <A
WL, X2 IS B A4 8L (metamaterials) )

Pendry %5 DU 52642 7 B AERE 5 1A 241 B 11
o3 IR LR DR (split ring resonator, SRR) HIME 4,
w21 fros. X B A RN R A RN
() 5] 0 B9 AF B 5 A4 1R B8 By 2H A%, Pendry 2 12
WFFCHE H 7 AT LA B SRR 7E ¢ %8 1 E Bl P9 O
HA BT poge, R H ARG HAME. B, 3
Bk [92—95] A\ BH IR 43 B S SEIG R R 45 4 U7 T 5
R SRR LG M 42 J8 28 45 & 4 B A RLRE 51, IF

B ARSI BB T AR OB B ) 3T S R AN
I RIVGER A AR 0 122 e 5 400 B ) R 28 33 R B LA
() A1 FL S ORI A7 R 5 109,

Bl21 SRR Hfip 1)
Fig. 21. The scheme of a SRR (911,

W ERTIR, ARk B SR A e R T S L]
PRG0N T H R ) AR, o6 T TAE T4
JaWE N GHz e &, BT Lk K g 1
JE KGR N, BT LI L6 BT e HL )R 2 v] DAFE 220K
BRI, R R 5 S, (B2, X T K
J9ILEA GBI AT WO, o0 R H A EE T L+
YK R BE I ELR 2 X aX 2 B e (A L i 7R
T2EME— . EZ2FiEae% K H SRR
RS BTN, T B % R Wit 0. B
PERFRL: R GKHIE T E AR R, 7TRL A7
7 35F 2 (RO FEAH R ) B REIB B AL, TRJ IR B )
I HLH EOR A B G 3 256 BB AR AR S KB
H B (GHz) PUK#6%E (THz) % 07 B pilin B,
RFEFNLTHh S =101 T f5 3 B n WL B (1021091,

Sof T 3T R AR =, 1E W Veselago 0 fir
S I, WX M T B (left-hand medium) £7
e UG, HF 2ok 2w N AT A [F T — i
1E H R FAFAE B4 F A Ji (right-hand materials),
DL 22 Fros. W48, 1872 F- 4 i Poynting K &
AR 8 B B A AH ) 1) 77 W], f#45 Doppler #2 3 Al
Cherenkov fa 5 #5742 1 5.

k
k
S
H S H
E E
#FAFREM AEFAHRLHAM

22 AHFNBAETF A BRI B K K Poynt-
ing K& [A]H)K R

Fig. 22. The relationship between electric field, mag-
netic field, wave vector and Poynting vector of left-

hand and right-hand medium.
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TEFCAE [ P 57 3T 5 38 A o B S B, B T
VI 2 5 B 6 S AR, DR B A 1 22 A R .
Jo R AE RBAT AR IR . B W m o R
f) 835 B35 (super lens) J7 10 i T 31 A w1100 4
Kl 23 .

Pt RER
K23 BA I G R TAREE S

Fig. 23. The scheme of a planner super lens with neg-

ative refractive index.

4.3 THRAF—FRTIEFNFIE

2006 4, Pendry 2 ''!] Al Leonhardt 12 [F] i}
FECREF ) FEESCHE H, BT LUR] FH AR AR 25 1A) AR 4 1) T
VO DG S HU A R, A R B
TG T R AL i K 1 BT T B AR AR, W] 24 B
AN IR IEERR ARG (transformation op-
tics), FHARPAEAHE H T v B &R M m )
N L (AR AR B AR, BRI IE (3 5 2 T2

(index engineering).

f

v
Y /f »
r Lu
(2) (b)
K24 Aol 2 OR8] AR bR i i ot 2 Bj 42 A2 AL
AR
Fig. 24. The scheme of varying beam path described

by alternating space frame in transformation optics.

MR _E Y, N TSR] AR — 5 BV A
R VFEERERICES R, XFE, %A1
i 2K (O ) MR 6 22 8] (R A% H AR B 20T, R

ARG BT VR IME T R B S AR A ]
oA, AR BATE A& AR 23 B %2 6]
B A G B A% AR LD 2 2 B R AR,
A2 26 R S BUBAT P Al £ il el i, -
AT 75 B 1% H T 37 18 22 18] 1) 70 A7 8 2 i A2l
HOR. IR, SEEEE MRS, MR R HIE T Z
TN EARH A ISR, A 2 BA T Re £ S L
PED' B 18 2 A AT A i B o A . 0B ok
OGS IT R TO IR 2 04 N AR ) o8 .
Hh R L NI ER ) — AN U2 06 2% 3£ (optical
cloak), 1Kl 25 FrR.

25 Mk (a) FI=HE (b) o SHE A B R
Fig. 25. The scheme of the optical cloak with (a) two

and (b) three dimensions.

IR, FEARROG BT KU SRR, 2453
— AP 7 B AR A3 (] A g — [l =, Bk S
I — /N TE IS 25 (0] e 22 B B SRS 2 5 — AN 9
A5 5 N kAR, — M iR, T8 2R % A2 82 fa
FUAR A ) X 33k, B BRI M 1) Ol 2 2 2 B O
B, 2R A RZI & m) F i, TR T =4
FG SRR . B, A = e o' 22 1 AR AR
A T 2R (% 1) ) A IR BRI 5 2R
TRER A

E Pendry %5 U] Fl Leonhardt 12 (1 A5 R #H
[F) (1) 480 2 J7 3 P B2 5 1) AR e 0t 2 1) D B A GER A
BHOHERE T e E WSS, Schurig %5 [19]
TR AE R U S I TS B R R R R
i, CLALETIOE Ik B e A il T e O A
AR RRRE a5 L& L Wi Anag, i
AR B 23 1) FRUBE Py i 8, T 381 e 30 A 7 1 Al 41
Hb T ml WA B ST T 6 5 B B 2 ) SR B R
TAE, FHAs =4E 2 B A BOR B GG i S 7 8 ANAL
S B3 g 15— 118],

4.4 3k M 158 K B 80 5t (surface en-
hanced Raman scattering, SERS)

Wl 26 B, Ot UL T DAAE <62 @ 40 K R0k
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UK LSPR, AT A5 45 78 FIURE 3% 1 58 Ak 7= 2 )
P ER) R M . T SR <o AN KO L B A, R4
FEIE 2 ) s BEHRAT T, 0K 2 18] A TR 2 HH 3 B0 5
(LI G 58, TE BRI I IR0, FEIR L I AL,
HL 4 X % i ZUARRSE T HEL 37 ) 20 7 A WK B
58, G 2 HURAE. SERS kPR E R ER I
31 W PR R AR (1 <6 Je R T B oK RUBE 221 Tk ) <
JR &AL b TR L 5 Jm 4K S5 44 () LSPR A A
A BT A SR 30 2 e 4 4 5 25 B I K R TR
RARA IS I I hr 2 HUNE 5

A
¢ L

#k (hot spot)

26 EJBAUKBIR K R BT LSPR P> £ 1R
W3 o
Fig. 26. The local electric field enhancement created

by LSPR from a metallic nano-particle or its lattice.

P2 U B S AR EEALER ] 27 R, R
TR e AT 2R R 0 K R B 4 R M R B AR 2 (I
G VRSN F AT WO BY), T 2 B 16 A 8
SIS (s 8 e AN 2 U O B T e B gk
TR I LSPR AT 2R ML), A4 B &% BB 2 B
S8R 3 4 52 BN SO B B UG I P IR TH
R A0, AT -5 N 56 B A PO YR 5 B E L, B
oc BAULIXAE SERS AN TG 3 11 434 54 ) 388 4ir
U S 58 24 BRI 104101 UK,
HE T KR FE A0 2 T SERS 7EAK 2 AR W A5 A A
TS5 45 5 PRI R, AdE e N T AT LUK B <y
TR R K 1120122,

Wik SOMHE w4k
- AE=—hv AE=+hv
HESREDR ' AT AT r Y
fig
o
Ei_, = A 4
Ei—o y
il BLSHEUE St B L GHUR

K27 2 HUN I AN 3
Fig. 27. The fundamental mechanism of Raman scat-

tering.

F AR 29 K 4% BT 1) 2% (1) SERS AR AT LA T4
DR BEE Y o0 1 A7 AE, TR et 8 TR I A
w2 R 281 20) TR ROBER A rh AL 4y
fIRE ST, FE15 SERS JEAR FT LA R HI T 0355 70 #7
L5W 2 MORLRESE IRER S 25 AN L A B
Sy br4E 75 i 126,

4.5 T MOERERRIZH

4.5.1 AZRELGARFNAITH—LE
B At An i 4t 2 8 127)

U S — TR (T T 952 ) T ST 3 5 A3 5 R %
ny Flng AR B ST b, A e85 K4t
S 2 18 RN Smell 7EAE. (HIX H & X L 5t i
R W B I T 9 10 S T R R 7 2B B AR
L RAF WG LA R BB, W R — AP T R
T T TR AR B d o B BE S S AT BB I B A AL R
A de (K 28), BARTFAEW (57) T B A7 VTRS
KR, HMNFAE(58) TR i & 1 Snell
CINE/IR NPk

[kon; sin (6;) dz + (¢ + do)]

— [kong sin (0;) dz + ¢] = 0, (57)
ng sin (0 ) — n; sin (91) = ;—:{%, (58)

X ko = 21/ No. AR, WIER d¢ = 0, N (58) LB
[ U= 1) — A A 11 Smell 724

$+do

0y

B

28 HI AR AL FR A ST - T F AU S S B AT B ROt
FEREE (S E SOk [127])

Fig. 28. The optical distance from the reflection and
refraction of planar electromagnetic wave propagat-
ing along a boundary with phase disruption. Adapted
from Ref. [127].
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r/LLAYCr/
r/ LLNT e/
AL LA\

r7LL\\YCIr/
r/7LL\Iry
r/7LLASIr/
r/LL\N\CICr/
r/LL\\YIrrs

y RN B
(Ao =8.0 pm)

a9 T \
\ 0;

R \EE

1EH Bt

i AR B
T déldz <0

(b)

29 (a) FERRIIIEGI A, (b) 78 y WIROG (I TE BT NG S50 T 10 Seie s HE i P (25 STk [127])

Fig. 29. (a) Scanning electron microscope photo of the sample surface; (b) the experimental set-up for a

y-polarization exciting beam (electric field is normal to the incident plane). Adapted from Ref. [127].

PR, DI IR S A N A A Y LS
FEOLREF AR, ¢ 1 ¢ + do R HF LT
PIAOL (B BIRIZER)) B AR A AL R 3. 1829 (a) 2
FERE Fr EAIAE T RN R R S5 A B S B8 R A
LB IR, T BT 29 (b) JU)52 S 45 R A a7 181 i
AR G IR AR T RERA B (AT A2 AL T ML R A2 d o),
YU AT LA 208 R AN RIS DU IR B B S Je AT 5

452 @iL KR EAIKA 955 -55 %
A8 7 3% ) [128]

1218 Huygens JZ 2L, P ROBE B G, &
A2 G AT B W A 4% % B Rk M &% 7 1A
fE4E. B H — A0tk 61 5 — R A v Re 1
X — PR A A RBOL AL A TR ILLUE, A4
BEATAE. 5RO T LS e B i B AR e 1t HL A S
BRI FE T, DR A A5 B e 3 3 e A S — R
SR RIS B 9RO -9m 0 A B I A e i
il () 550, (HRTHESRAF 2 0 A mBOCMAEL
PESC 2R RIS AR AE. B, Zhang &5 D214 T
— AN RO S AR LM R S LSS G - 5506
FHEAEGI ) . %7 R E A ] 30 Fos.

AR, 4R LA A [ 5 R 58 R ) ST [
TR [l A% FEAH B B, 4 S A 7 JHCAH I8 2 o) T B B
W 2 JRREAZE /N T T U8 K PR T v R
Y LR N T 9 )8 1 A ER T S (R e AL e
YR ERAE, BT LA AR R K A, PR
WA SZAEATFE M % B 19 BT AL 4, 01 30 (a) Fios.
{ESZ, 2 40 b T B e N V3 P U I AR BT, T 2 %6F it
AE G LA P AR LR, 3 R — RO R
ARSI IR T LR, Wil 30 (b) Bros. X8, R

i P AL T OGO B, a2 7 — R
JeAE AR APRGS. XHSEIL T A s8e AELL
PESG 29 R A 550 - 95 D6 AH T A% il

B30 5506 -85 0t AH T 5 ) 1 5 R 218 (B B X
ik [128])

Fig. 30. Scheme of the effects of weak beams control-
ling each other. Adapted from Ref. [128].

B AR RO, BB % B 6 R S i
RN ORI RERE. IR, HE T A
ARG B AR AL T IR 1, 100% 96 -6 18 i T
DASEIL; T 24 f AR A0 SR B AR o BT s i ), 0]
SCHUE S A 50% FIR SRR, ek, EseBlse
A 556 -5 06 IR 1 RCR, B — AGE R B DR
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HA 50% 11 e 5 BT RE 77 P 3 e A X B T 7.
TG 5 A BUR ELAE A A R Al ) o T — N e bR
WA DT, B2 BRI USRS B e BT RO R
{1 — 2 f B 11291300 (O TE s 2 F s et 5 4= 1 1 )
). HAE, R AN AT A ) < Tk
Wi, 50% IR OK PR AR ME SR, 75K 2 Bt
AR, BN BE B 2 W S S e 2% m A% e %k
SR, Sl BT FEAIE S, FEOG I I OG 2 IR B,
() B AT 9K 2] b 5 4 1) < e TR T DA 356 P
PR B R 29 50% W B FR. 3 ROz KR
JEE T S 225 0 1) R T < R P A R A <~ T 45 8 T80T
8 #4 KL (planar plasmonic metamaterials, PPM).
B 31 it 9 SCHk [128] BT il 7E 1 PPMUAE . B 2
5L 9 50 nm R4 IR, CAFLE He-Ne WOt
£ (632.8 nm), HJFE R ZEKR)1/13, BRI L
IR FEE, ST VF 2 5506 - 55 6% i (1 52
T,

P =440 nm

K31 —A T 3500 -39 i K PPM SRS wh (T2
H Sk [128])

Fig. 31. One of the PPM thin film sample for weak
beams controling each other. Adapted from Ref. [128].

AR W] BEA 1% S W A2 3k
e IR 0 AR E AR T8 B LA B A 2 I8¢ B I ik vt [l
A EROR L.

46 XREFBEFTHTHNZHEFTMK
(surface plasmon amplification by
stimulated emission of radiation,
Spaser)

Spacer #2& Jt: ¥ 52 WUFE 5 UK (laser-light am-
plification by stimulated emission of radiation) 7
ARG T HOT IR X Y. S — RO RS AR
X, 7E Spaser H &5 B I UK U 7O A%
HERIETBOR, i e g2 J A RO I 2 06 4 114
R VR T (9K BRI R I | o e BoL s
WIRIE 2D EAE T ALK, HEEK). H2

HEOLZEAUNZ, 7E Spacer H HHCRHLER B RE &
RUFATI R A HH IRl )35 1 (JBOR) A a4 4R,
Wb (O6) 3 B 4522 0] BL5E 4 AN R T Spacer 18 #
HiZ. Bergman Al Stockman ['31] # 55 7E 2003 £E 4
BT AFAEFF 18 ¥ Spacer W AT RE 1. T B A Wtk o)
BE A28 R U 2000 4F 18 1 UCE A iF i) ok (192, 3
HAR TAR IR AN 32 Fio.

L2557

T FHFE THOT

Bl 32 RIS B T 32 W S RO 0 T4 J5 2 e
B (S E RSCHER [132])

Fig. 32. The schematic diagram of Spaser.
Adapted from Ref. [132].

1E Spaser ISR R AE TG AR Gk F
B A SR B = Re A S e A i o ke B R B
T (exciton) &. fEREJERIPIRRER R IR1e T, &
To4m 31 e = A 1 Ok LSPR B R LK T 448
S A ROR SO G MR LA BB 2. LSPR AR A
Hiy 37 5 5 SRR 25 /0 o BT RS, AT i E
ot LI T 5 25 S 55 B8 I 1) S R TR, 2
P 33 B (131,

HAGhEET

i GREET

133  Spaser [IE AL~ 5 B (4 B SCHR [131])
Fig. 33. The scheme of the positive feedback of Spaser.
Adapted from Ref. [131].
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Spaser < FIT UL e AP0 #% 254 42 LSPR 1)
2 VR S TBOR A2 DR R B AT B 0 3 A e o A 30 ).
56, LSPRIBOGT—FF, #MEAA BRMB O T
(Bosons). ., LSPR W & HPER]. 2=, LSPR
W bz T AT AR S AR BLAE . Rk, LSPR
A AR SZ ORI, AR BN REAE — A, X
H R WL 2% A Spaser [ HEA 5 AR A T £E 1199,

Kl 34 25 i T — /> Spaser £ 2 ST H 6
KEIB 5. B 34 7T LU Y, B S U Th 2 1)
BoR, i oG R B S RIE K, X SEPR Bl —
ANGRKBOE S (nanolaser) 1941,

700

OG-4483k}
600 4 AR

wn

'Té 500 e — e

5 ]

5 100 i v

™

b 300

+= 5

E 200 = §2§JH;J

—2'111[}
100 & 1.25 mJ
0 '\ .y T

490 530 570 610 650

34 i Spaser Fi AL IAKIOE (Bidh B SCHR [134])
Fig. 34. The nano-laser created by Spaser. Adapted
from Ref. [134].

Spaser A] LASEBR™ A A+ LSPR 1R /), 424t
T BRI &GRSl 2 DL RO R T
PUEKHIE T2 fE T s, [FIN, A4S ge e (M
LSPR & & 47 #8 1) 3 ) 99K 55 85+ BT % (active
nanoplamonics) % A N AT BE 19°), X {§i 15 Spaser
L9 A0 K 5 1 S SR IR A ) — N S Bk e
fg 5 i [136],

AT Wb EE T T — MR KX
(R R AE LA GK ) B IR S B, 40K
N T FIAE IEAL T — AN IE G K, L
T REAW A B IMES KR LS ANIRE 4R
H LA & PR . AT Il SRR R A
T T IR A LA B BB 45 1, A
Ui ARG KOG 15, TR AENKSE R 13T
*# (nanoplasmonics) 50X A% 45 s 7 [ 15 7 R A
M.

[FI, 7EIX RIS E i — PR 2, gk
M2 K S B o S E 25 T
PLF =5 1.

1) PIEEME & i Sk . 2R 3R S bR b2
Y& R HL AR ¥ 1 D' & ¥ (photon) A4 J& H H HHHL
TARAEGHI KRB T AR T B & T (plas-
mon) A MK E &8 F——SPP I LRI TE
X RERWDE TP — PR sifi G, KT N
H AR 72 58 A E T 2k BG4 11 1H DG HL
W, DT SRABR 1 T [ FEURG 38 7 A o o 2 R IR/
Z Rl

2) T ARGH K ] £ 52 AR B K Je L R
20l FEAE BT IR 200 S (A ) A 2 2 ik 5 2558 T
FE it 1) 26 PR 0 Jo 2

3) HLI R 5 U AR H AU (FDTD,
HFSS & COMSOL Multiphysics 2%) i1 i& N - &,
AU 5T () T 7 S T SR A A R SR R
fit 7oA I TR,

FAbh, IEQIETTH A&, LSPR I — /MR R
2 ABAE T, B AR E AN S kT2 Bl oK R
L ) <2 @ A o RN LA LA B BTG 2 8, T
Bt 5 4 8 ORI R/ TR K 5 A RIORE 25 B
() BEF (1) S48 2 HUE B A oG, X BRIt 1 g Hme
SLGEAT iz R B R, B R A T
PRI BTG A 28 2 gk AT I 8 sh A W r da U] 22
K. AR, AT R A8 K S5 B T 0T % (tuneable
nanoplasmonics) #5111 G BR 1 715 23 4 A< S A
TS FH B 4 58238 N F UL H S €5 % Bl ) 46 W

=hH B
A 5%

5 RN KEFE TR OTAEMB
(tuneable nanoplasmonic metama-

terials)

IEIRT TR, KA E T HoT A — AR
AR L S L B E 20 K e, 32 BT i
CLBEIL AR AR P AN S ET T . — A& 39N
KM KL (active nano-metamaterials), 73— &
ARSI 4 KRR (funeable nano-metamaterials).
> EE R R RAE GRS B T Mon A R
ZLEH RS B g B AR A RE R, H R
SREE T H Spaser JT = AL 2K B 41 5k e & b
BERME R, 0 EASPTfEaR. Ja—A, W3 ZE R
LSPR(FEF1) IR R e S5 # 2 KO0 b - N\ B i3
(i 7 A B I8 L, TR RT Bl A 1 ] (40 K
FARE, 3 00 B K b Jre A L 8 £ 2 2 o2 Y
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TR L 20 TR T M A JRE BN 2 T AN K A
W2 r AN B AT 057 AT R
o 48— SR e ARE L T AT O 4 KRR R
W TR A — e .

SUELE RN TR, A7 —SebrR o T a4k
P8 F4) P 3 BT 2 R 3 1 2EL SR 1) R URSE R TRD B, A
T3 S R AR 45 # 2 B0 H D, e 4k
B R ARG U8 1391ER i S RHE A2 AL
PR H PR SRR, X2 t AR AR B %
PE . RO T2 R d ok, AN 2 i ] A
VU H], S T AR AL A B, XA R A B R
1) B DG AR M N, 7 R BT SRS R A% $5f B R ) 3
LT s R 2 DA, BAT B AR 3L
I T A TR AL XA RR T B TS H
A LA SR R K FOEE A R 2 Ab, TR SAR 53 1
G FRENAS I (F 37 Wh37 SR LSS ) BRI R i Ae
FCAF S5 e LA (TS R AR O BN
FRAE IR A R 014,

5.1 HEHAE 5% & (nematic liquid
crystals) & 580

5.1.1 #ME ™ 348k ah 45 m) KX 5h 3% 69 eh
V% K35 5

IR BT A TR G 2 RN B A S T
Bh A% e SR, G 35 BT, HoOeH N 5
R TN 0 b R =R CTE N L S =0 L1 I 1 O 7
1) 1E 5 37 51 2% o 3 BT HORHh, W RCE T R,
W5 54T, IXFE, B NG 6L 077 1) K H
PRI 24k, W AT BAA AT Rlng, Z TEI T
AE A BT

K135 AN A F AR et e 1) SR I s =
Fig. 35. The external electric field and the director of

nematic liquid crystals.

H T 17 7 At B4 06 Fib 4 1 T DA 5 A
Yy AL = (A 1, BT CAR AR 24 45 T T iR

A AT R o SR VR S AR N B AL
Pic B3 = R iR, A s AT BA R AR A I 3 1
RN R 8 o B 17 % ) S TRV G L, AN T3 3811
ORI H B, il 36 s, X2 A R A
(OFEAS AR B R PRt X BB A kit AT 2 [ 3
FRP A R ] 0 I SR

K36 AR 1] o i R R DG R0RE
Fig. 36. Electro-optics effects of the deviation of liquid

crystal directors.

5.1.2 W ® IR F) @ 7 48 ik ah A F 69 A R
FHTHAEMN

s s ORI C L i A LA RN e T . PN
K G5 R (R A R A5 L BN R AR B — 84y, B
W b 2 BT AUKAB R — 0, F AL R
BE—80 4. B G4 KB AR ol 2 i B 4
S L B IR B AT S R (AT (AR A R
T ) 470 K Y & P 22 T 4 T 2R 0 A SR 5 50k b i
A0 Gt R AR I e, 2R T S R FE KB [ A
RV e 11 T 8 i 0 oK 5 B s R A sl gy
G 2R EL 2 R T OB A, BV A ) T R R
T 55 3 (AR F 2K /)N Bt et JEC BT e o 10 590K 3 . 3 1 A3
BRAG AT B, R AE B A R MR e S ) R A
P 1149150 A7 e SR TAE LA BN RN A 28 T
X 5 T ) s ik g [151,152]

TERN— M7, 15X & A~ — AT K
FER R BT RENE 58 A RSN S FEL T 30 i s R T .
E AR 24 55 1) H R0 DX I, 8 48 43 T A SE G
ST X ATl RE 1931550 R ARl S B A 1
AE I G HE 2 Ab7E T, Reig il t BA e 1A
B e (w) FIRE S R pu(w) BIATRL, DL A 44 K] 1
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P Z(w) = /u(w)/e(w) 5 H 23 A I AH DL
Be, AT AR G i, AR SRR A 72 AR T AR
KEJH I8, 2B/ AR FE e 2 FER 7 A
B [100157] R 3 T L AR R R AT DA SE B
iAW B D ge, (272 i T H IR AN, SR T
T — AR AN 5L N, BT LK R iy
VA BE 7700 T 284 1 S s B SR o2 R 0 B
B 37 & — ™55 B T A A B A 25 1) Ji B 1) 7R
(58] e L RS T B 7 T 38 ] AR A4 K
CIYSREU Lo P 71 =

(c) M (5CB)

* Ebias Ebias =0
max | s min

37 R B R )£ 8 T R D B R SR T

WA R BN = (2 B SOk [158])

Fig. 37. Scheme of a SPP device that fully absorbs

wide-band electromagnetic wave energy and is modu-

lated by electric driving liquid crystals. Adapted from
Ref. [158].

& 37 () BT, WU 2 B R 8 23 42 )& T
PERT R R, IR A R BRTE. R &R
TCA A2 4% T BB T SR 20 ) BORH R 1 45 A4 A6 R,
DA 908 N R R DR S ROl L R RS
K37 (b) fi7R: a = 50 um, ¢ = 20 pum, d = 16 um,
w=w2=4.5 pm, w3 =5 pm, FZNETFHER4E
JE A . RATRIGE, — SR IR o ) e R I8 )
Yyt oy iR S A R LU 5 1Y, 11 221 ) 2 2 i o5
T 25 K E A PR R A4 Bl 2 N Oy i 189 5 25 1 5 1K
W MRS AR, 2 & 8 2 I A5 A A0 B A
Bl PR A HL PR 58, 30 8 1A 1) A5 80 R R Rk g 2 2 4,
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Fig. 38. The scheme of nano-structured colour filter modulated by optical driving nematic liquid

crystals. Adapted from Ref. [170].

B39 ) & 7 1 B 2 A AE O BOR & R )
BMAB(4-butyl-4-methyoxyazobenzene) /x X & Jiit
A AR ks E39R BLE B, KR
- A A 0 W W A AR 4K AP B9 350 nm Bt i, T
it =X - S A A% 1 W S g DU 3= 2 AE T DL ) 450 nm
Ab. e - AR R IR E RS, RR S BRI
W 56 b Ol B A B 20 -5 A AR AR R L O R
S B A A T, M-SR A A RT BL AR (8] B
X-FaERER, XA EAELTBEA S
FE BRI nT s M. XA OGIR BN I 55 55 10T
FAAJE T EME BoR REM 55 B H T
T E A AR R S A5

5 ¢

\N hv', kgT Ns

OCH3

\

A

SRS T)s

ITEE AT

460
P /nm
E139  fEAMEIRS T BMAB ()5 -5 544 th % HAb 2
S (S5 1 SR [170])

Fig. 39. Anti- and cis-isomerization and molecular
structure of the BNAB under UV radiation. Adapted
from Ref. [170].
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Fig. 40. Scheme of (a) the device structure and (b) working principle of microwave frequency selector

modulated by liquid crystals. Panel (a) is adapted from Ref. [171].
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Fig. 41. (a) Experimental results of microwave frequency selector modulated by liquid crystals and

(b) the relationship between effective refractive index of the liquid crystals and external applied

voltages. Adapted from Ref. [171].
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Fig. 42. Scheme of the working principle of liquid crys-

tal elastomer modulated by temperature.
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Fig. 43. Scheme of the working principle of ferroelec-

tric liquid crystal elastomer modulated by electricity.
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Fig. 44. Fabrication procedure of a structured colour filter modulated by liquid crystal elastomer

driven by electric-heat conversion. Adapted from Ref. [182].
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Fig. 45. Scheme of a colour selector modulated by liquid crystal elastomer driven by electric-heat

conversion. Adapted from Ref. [183].
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Fig. 46. The modulated results of a colour selector modulated by liquid crystal elastomer driven by

electric-heat conversion. Adapted from Ref. [183].
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Abstract

This review is intended to be a fundamental lecture. It focuses on systematically introducing the reader to the
physical and optical background to certain basic concepts in nanoplasmonics, before devoting attention to the many new
developments at the frontiers of modern photonics, such as tuneable nanoplasmonics. There is a special discussion of
the advantages and applications of liquid crystals in this area.

First, in optics according to the special requirements of an optical surface wave propagating alone a smooth bound-
ary the concept of surface plasmon polariton (SPP) has been introduced from physics. After discussing the influences
from more rough surfaces upon the SPP and the response from larger metallic particles to the optical electro-magnetic
waves the results from interaction between the optical waves and metallic particles with dimensions much small than the
wavelength of the optical waves—the exist of the local surface plasmon polariton, i.e. the base of nanoplasmonics, has
been confirmed.

Secondly, this review describes many new and interesting aspects from this important branch at the frontiers of
modern photonics—nanoplasmonics, which are supported by metamaterials consisting of metallic particles with various
shapes and nano-scale size from modern manufacture technologies and more powerful and functional software. Many
device system based upon these aspects have broken through the limitations of classical optics and developed in many
special new directions, for example the quantum coincidence of lasers—Spaser (surface plasmon amplification by stimu-
lated emission of radiation) etc.

Finally, we address tuneable nanoplasmonics, which is a very important topic that has warranted great attention.
by reason of liquid crystals’ many special advantages in optical responses—for example their larger optical birefringence,
which can be easily modulated by applying electric and/or magnetic fields etc.—the application of liquid crystals in
tuneable nanoplasmonic devices is a more practical research direction. This review introduces recent developments in

this area, and also discusses various challenges and possible research topics.
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