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FOTD HISEF Bt R BUE AW 1A R KK maxwell F42.

Mmaxwell FFEHA: VxE =—-0B/ot 1)
VxH=0D/ot+J (2)
V-D=p
V-B=0
and D =¢E
B=uH
LR FERNERE, RE (O, (2 BIEH
EF H A BRI

V x Etotal _ _//laH total /6t . CT* H total
V X Htotal _ gaEtotal /at-FGEtOtal

Karl S. Kunz and Raymond J. Luebbers,1993 CRC press.



Etotal — Eincident 4 Escattered

H total — H incident 4 H scattered

K ERMHRNER: VxE™ =—1,0H™ /ot

MF—HITE

VxH™ =g,0E™ /ot

aH et __G_*Hscat _O-_*Hinc
ot H H
_(/U_zuo) oH . 1 (VX Escat)
H ot u
aEscat :—gEscat _z EinC
ot & E
(e—&) OE™ 1

- VXHscat
F o ot 5( )

Karl S. Kunz and Raymond J. Luebbers,1993 CRC press.
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OX  Ax—0 AX AX
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Karl S. Kunz and Raymond J. Luebbers,1993 CRC press.
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HH3KfF: Meep
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AX << A
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Karl S. Kunz and Raymond J. Luebbers,1993 CRC press.
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CDA (Coupled dipole approximation)
(Ve gl V)

iR : RHR TS SRR T, AR RS H
R% B ERAIEH .

EHYEE: 7B BB T HI0R/NBURLER B FAH RIS . BORLHY
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KT fERTDARIE : Rk TR, DL ERREE . R 8] R
BB (—RARTHENEKREE , —RAFEBEER. Hik
BT RREEMRTE, A RHBERR.

Incident wave vector

Electric field polarized
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Shengli Zou et al, Nanotechnology (2006)
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JLAT

L3R (Geometric resonances)
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Tuning of narrow geometric resonances in Ag/Au binary nanoparticle arrays

LiJ, GuY, Gong QH, OPTICS EXPRESS, 18, 17684-17698 (2010).
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4051 (2010)
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Jia Li, Yi Ma, Ying Gu, lam-Choon Khoo and Qihuang Gong, Appl. Phys. Lett. 98, 213101 (2011).
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Jia Li, Yi Ma, Ying Gu, lam-Choon Khoo and Qihuang Gong, Appl. Phys. Lett. 98, 213101 (2011).



DDA (Discrete dipole approximation )
B EUR R T

BER :  FEA N HYE SERURE 5 A PR/ 3,
AN/ N LTS SR R S AR R = AR — ME R AL R

BER B | Bﬁﬁﬁﬂ%‘* MR ER T SEADDAR
CDARJBE R FIA[HE]

EHVEE: WHES M UTRRES R ER, X
REBA RN ERZER
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DDA KE ST S5 CoARAHIF ), ME—AN[E T2 CDAH B
ToREARARE T, ERART U HMiEREERKE,
TMODAH BB T RATRI 7 1, BN Iu AL R AR B
7 iplin Y\

B 4] B ) 22 PurcellZE A K A B Clausius-Mossotti polarizabilities:
CM

3d° & -1
i dipole =
. A €] + 2

XH E'deEﬁT ﬁijﬂzliﬁjlﬁ% RILREE, T ¢; NRMALRINEYE

. %7 SIEAEZE T 4 T T R AN AR, T — e
, HIRZMEIEEEL,
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error in Q,.,(%)

[}

error in Q.. (%)
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=
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DDARIHERA E EL &5 B Iu iRl 0 I R/

i, DDAJFYEIE 1R HER )
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x=ka

ELVin 258N

EERBITHEN
1.33+0.01iF1 /N ER B RS
W, DDA S MieHE
WHI S

A AR H:
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m%ﬁﬁ% RERR /D

2. RERIG BT
ﬁz%o B /NBR A2 N
KH2f%, REWA 3%

I

Discrete-dipole approximation for scattering calculations, Bruce T. Draine et al, J. Opt. Soc. Am A,

11, 1491 (1994)
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TMM (Transition matrix method)
BRI

BEd: RS EAES 0 A HRERER BRI XM
ERITRABH—NMEBERRKR. @il A KT PR S
B RERE . BEMTSRFEEUR RER L EIaF R

EHWE: RN LEEATEAER, EARERNRS.
HERMABRIT TR, REXK. HEESREEMN
FEAE.

TMMARF R : —RUGCRITEE B K. S TRXRER
Zitt, WHEAMRSBFEA. TXTARXRER LA,
REANRREH TMREEMLTE CFHEMARREL .
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Z R —FHEAS

Einc (r.) _ E:)nceikl-r

2RI RIE, NSNS GE T A RN

£ ()= 3 [@Mh kr) BN ki) |

=1 m=-n

£ (1)=3" 3" [ 6M () @NSkn | r>R

n=lm=-n

k, R BN PREE, REESBEANBEH AR — M
BRI, PR BRSNS RN E =RREFRIE R

>
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NSO RIRIF R BT AR R H . TREZ w512
RIZRIERF R, BTG RIT REBR SR R EH —
PR R, ZXFEEBA A X —NEBERE (T-matrix)

Z z [Tr%l%lmn m'n’ "'Trrl]?lmnbmn]

n'=lm'=—n’

w I
22
— Z Z |: mnm’n’ m'n’ +Tmnm’n’bm'n’:|

A AR BRI N
epU_Teau e 11 12 ﬂeal‘l
gall~ &b eT21 122 b

INRFER HT-matrix, HB2 BRI RIT 2R B9t T ASK HiR
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Michael I. Mishchenko et al, Cambridge (1994)



KEBEFEZTMM T AP RXEGLEZRENG—F, 2
T R B SR 6 JUATIR, B B AR AR H &k, XER
A E % —f 6 ik EBCM (Extended boundary
condition method)

FUSA A P T B EEL Rt T DA gan R F T
E(r )=i X (Gt + GuyNG e
i Z |: 'MS]-’)n'(er)+Cm'n'NS]-')n’(k2r):|

( ) loLy nZymi—n
ATk E K B I RS AE V) 2675 ) L3 SE
AxE, (r)=AxE_(r)
AxH, (r)=AxH_(r)

Michael I. Mishchenko et al, Cambridge (1994)
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BB THEFER MR RIT 28, NBUH 4K — R 5
PERBLFTLORER T, Ehim.

1 o0 n * *
Cext — Y Re Z Z Im(amn ( pmn) + bmn (qmn) )
k12 Eg‘c n=lm=-n
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Plasmonic Resonances of Closely Coupled
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Gold Nanosphere Chains . Nadine Harris et al. J. Phys.

Chem. C 2009, 113, 2784-2791






MARRBOT A
He bk Sy v

B 5 AR, ﬁ@ﬁ%f%ﬂ)\ﬂ”&k%ﬁmﬁﬁﬁ%lﬂ%ﬁ
2 i v il = E D T Z e R E NGBl [

NERE T BHREUN, TERERRE. tEBEET)E, ?%EH
T B ATE ISR

An incident light E°(r)ei“t impinges on the following system,
the scattering field E(r) is a solution of the wave equation:

~V X V X E(r) + k’¢,(0)E(r) + k’g,(r,0)E(r) = 0, (1)

With e(r,w) = g,(w) + &(r,w)

In the scattering: ¢(r,o)
out the scattering: ¢,
In E(r), el“tis cancelled.

: : : : : : -0
Generalized field propagator for electromagnetic scattering and light confinement ,
Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)




Introducing the operators
L =-VxVx e, =k’s (w) e, =k’s, ()

r

Eq.(1) can be rewritten as

(L +e +e,)E=0 (2)
and EO(r) satisfies '

(L + e,)E° =0 (3
The Green’s tensor G° associated with the reference is
(L +¢,)G" =1 4)

— G°=(L+e)™
The Green’s tensor G? associated with the complete system
IS (L +e +¢e)G =1 (5)
. -1
—> G =(L+e +¢,)

31
Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)



If (2) = (3) ,then (L+e +e)E=(L+e)E°
=G 'E=(G°)'E°
— GG'E = G(G°) 'E°
= E=G(L+e, +e,—¢,)E°
— E =(l -Ge,)E®

In the r-representation
E(r) =f dr'[8(r — r') — k*°G(r,r',w) - e.(r,w)] - E’(r") (6)

Finally, we get Lippmann-Schwinger equation

E(r) = E°(r) — sz dr'G%(r,r', w)e, (v, w) - E(r)).| (7)

This is the main results of Green’s tensor method

32
Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)



JL = B B AR -

E(r) = E%r) — sz dr' G(r,r', w)e,(r', w) - E(r').

-l

(7

(1) MEXTTUEH, BiE A SREU A SMEM — R R

FEL7 AT DA B A PO RS RS
JIRR AR, KKE T GRBE A

) & o

FRAEE A N R R B
T B BE R R R AR 5

(2) BERNRERL B R OB AR B, RER

A BR324 A

AR SRR -

A — R Y, BELpmEy. X8

Lo

(3> R B3, FEHESEWUTTEE. BB .

{HTESEPRNK & B 45 F N -

I B F UM g B RRREFHBILILIR (SPR) .

1, B R 45 HEUE A AR

33



KT cRlcop) i BH -

X H GO 3D R A KIGreen’s tensor :

1 — ik, R
G'(r,r',w)= - (1 g | (8)
~ —3 + 3ik,R + kERzRR explik,R ] ,
kZR*4 47T R
where R = |R| = Ir — r'| and kZ = E:,,(w)fcz

(1) " BLE 2, GO@%‘T%%*&E‘JJ&% l:lﬁ%*&ﬁwl%ﬁﬁ

(2) fEr=r’lf, GOFER KA. B B TERE N
%%%XﬁW%ﬁ T RA HBRHMERIE] . BARTT 5%

(3) FEBHAE, XEFREFERBIIFRITIEHHE—
I AL

Yaghjian A. D., Proc. IEEE, 68 (1980) 248.
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BT R ERHES, EBGHNGHIRAR:

G = GY — G%.G

(1) BRI TEHM,
(7) PHGHEIA.

£ (6) HHGRIAR, 1

(2) FETHEM B A5E SAHSRHT RN fF T He, U

FiBHE A AT AT

E4H AP IR FE R ) R

_ 0 2 e’
G, =G;; —k Z Grﬂ P Ap,

m o m— 1 2 m—
G" =G ! - K*G!,

]a‘ Gmﬂ
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Generalized field propagator for electromagnetic scattering and light confinement,

Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)
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Generalized field propagator for electromagnetic scattering and light confinement, 36

Olivier J. F. Martin et al, Phys. Rev. Lett. 74, 526 (1995)
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Optical nanoantenna F B THH AL Z GTM

Near-field int. enhancement §

WLC power (counts/ms)

o

Length (nm)

Au nano strips
A=833 nm
Size:250*40*45 nm3

37
Resonant Optical Antennas, 0. J. F. Martin and B. Hecht et al, Science,308,1607,2005.




REFE TR TG IR FE Bl e HI IR T

Lippmann-Schwinger equation is changed as

E(r)=E°r)+ j dr' GB(r.r’) - k;Ae(r')E(r')
vV

EB=2.25

ere Ae(r)=2(r)—ep AN
Wh j Ae(r)=g(r) E§§§§§§
GE(r.r') =[ L o

fZR*
3 —3ikgR —kiR? | ex (1ksR)
+ caled Y o sl
k%R4 47R

II
iml

A H P KRS E B ERSN D

38
O. J. F. Martin et al, PRE, 58,3909 (1998).



AR V] A FE AR & B IsPrR (1)

2D Silver ellipse
size 20nm X10 nm

Results:

FEE Y6 55 FHIAS [
SeIRKER Y, JEIRAT I
it AR

Scattering cross section [nm)

&%ﬁ EEI ﬁmﬂiﬁﬁﬁj‘“‘% - ﬂguelength [rlElrl'?;;I

400
200

Spectral response of plasmon resonant nanoparticles with a non-regular shape
Jorg P. Kottmann et al, OPTICS EXPRESS, 6,213(2000)
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2D Silver triange
size 20nm X20 nm

Results:

BEE JE A7 AN R

], LR

@%ﬂ SR [0 H 4 A

H. Z&it5 LR

, BJLAMA

%ﬁﬁiﬁ?ﬁﬁm&

-
=
(5]

L

Scattering cross section [nm])
=

-
]
A

—
D—l.

-
L]
5]

AR N FEAR €

EHISPR (2)

300

400 500
Wavelength [nm]

Spectral response of plasmon resonant nanoparticles with a non-reqular shape

Jorg P. Kottmann et al, OPTICS EXPRESS, 6,213(2000)
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IR IR IR I IR AL B R 454 v ) R

The Green's tensor G(r.r') for an arbitrary scafttering
system described by the dielectric permuttivity e(r) and the
magnetic permeability u(r) 1s the solution of the vector
wave equation with a point source term [1]:

VXu () VXG(rr )—kie(r)VXG(r.r')

=u"Hr)ld(r—r"), (1)
zz i
Girr')=——=48 R+ ?'j ja’kxdkyexp{i[kx(x—x'}
k% 8w

1 _
+k,-.,-'ll:r—y'}]}H[ﬁfﬂmlkzzlz—z’|3*

+ R exp(ik;.z) + R exp( —ikpz)
+mm exp( ik, |z—z'|) + R¥! exp(ik,.z)
+RPbexp( —ik,2)].

Accurate and efficient computation of the Green’s tensor for stratified media
Michael Paulus el al,PRE,62,5797(2000).
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Olivier JF martin et al, PRL, 82,315 (1999).



R FH 5 7 VAR W spp R TH] H 2N K S0hL U5 i) A

P23

L.!-'.:-{l} I"-“SPP{I} + I"".s:'{r}

where Effp and Eg; are the electric fields of the scattered
SPPs and the waves propagating away from the metal-
dielectrnc interface, respectively. Here.

Eff”’""(r:r=kﬁj Gsppn(r.r')[e,(r') — e, JE(r )dr’,

v

Surface plasmon polariton scattering by finite-size nanoparticles
A. B. Evlyukhin et al, PHYSICAL REVIEW B 76, 075426 (2007).
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%%ﬁ&zﬁ&‘ (Green’ s matrix method or GMM)

FERMIF R TTIEERR_E R R RHTT%, RN &
JB& 3% K S5 ) B SR T S B BUT LR . B R
RIGAARBES R FREMIERER AL EMAFER, PUKEX
LRAENMS, ERGSHERNIEREEESHER.

‘l-

M BRTERYKREHNRTFEE
TR RIEIX — R R, — 77 TH 0l B
NIB/NSPRIGIEE, H— AN EBY
MM EBT . LIREH KBS li
HFHE T RAETE . ,

Resonance capacity of surface plasmon on subwavelength metallic 45

structures ,Y.Gu et al, EPL, 83 (2008) 27004




Starting from Lippmann-Schwinger equation

E(r) = E%r) — sz dr' Gr,r', w)e,(r', w) - E(r').

If the clusters subspace V 1s divided into N pieces with ,
the volume 8V (with §V < V'), eq. (3) becomes 2% l'élﬁ 5] ﬁiﬁg‘

- o Ay e
Z les(r,w)GY(r, 1", w) — &, | E(r) =—E"r) (4) / ZIS{EE[I:I

el

with Efﬂ(r, r',w) =6VE2G"(r,r',w). Let us rewrite it in
the form

Es

—_— - L
S (@0, w) —slB(r) =— 2 (5)
EslT, W)
reV
where s= . : Efn! a 3N #3N matrix, is called

elrw |—epnw)

Green’'s matrix,

Resonance capacity of surface plasmon on subwavelength metallic structures , 46

Y.Gu et al, EPL, 83 (2008) 27004
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s =

1

e(ryw)—eplw)

ATEZHAAERZ R B, BTy,

Electric fields in the nanostructures :

sl E":'|1|

E(r)= Z

— (5 — 5,

Electric fields outside the nanostructures

E|[|—E|l|-|—ﬁ z

il L, E]m

(5 — 8]

Y.Gu et al, EPL, 83 (2008) 27004
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Resonance Capacity (RC)

Definition in view of the inside electric field energy of the
nanostructures

where

Cn

_ Jvdv]e fres| EQ)R
fy dr @) [ 1B )

i ':'“1-"
res| B )[l, = |25 Rl

Enf T

€n = i + eplw). I:E-i'EdJ_ — E-m.EmJ_}:-
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Y.Gu et al, EPL, 83 (2008) 27004



Physics meaning:

(1) RC guantitatively expresses the ability to gather the
electromagnetic energy from the environment for free
electrons in metals.

(2) the larger RC means the larger value of ¢E,,, so the
more enhanced near field E

(3) by RC distribution, we can select those SPRs with the
strong near fields in the subwavelength metallic structures

(4) the extinction peaks of far field should correspond to
those SPRs with the high values of RC

Resonance capacity of surface plasmon on subwavelength metallic structures ,
Y.Gu et al, EPL, 83 (2008) 27004
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Comparison with the nanoantena experiment

-Hz
C
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00 300 400

- 0
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Science, 308, 1607 (2005)
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0.006

0.002

1 0.000

17.50
35.00
52,50
70.00
87.50
105.0
122.5
140.0

WLC power (counts/ms)
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nm

Nanoantena effects : at the wavelength GMM results
830nm, a nanostrip 260x40x45nm?3 has no

SPR, while with a gap, SPR happens.

Resonance capacity of surface plasmon on subwavelength metallic structures ,

Y.Gu et al, EPL, 83 (2008) 27004 50



Resonance capacity distribution of rectangular

nanostrips

A=632nm
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Y.Gu et al, EPL, 83 (2008) 27004
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On the other hand:

RC distribution has

a little modification

with increasing the wavelength
for an example

GMM &7 £k & :
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Y.Gu et al, EPL, 83 (2008) 27004
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,J. Li et al, Journal of Modern Optics, Vol. 56, 1396-1402 (2009).



Comparison between GMM and DDA
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Good agreement, DDA data by Li zhi-yuan

,J. Li et al, Journal of Modern Optics, Vol. 56, 1396-1402 (2009).
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