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Abstract

Abstract

Hybrid nanostructures, which combine nonlinear dielectrics with plasmonics
metals, are of fundamental importance for enormous applications ranging from
all-optical switching to imaging or bio-sensing. Though nonlinear effects based on
hybrid nanostructures have caused broad attention from researchers, there are still
many unsolved major scientific issues. For example, because of dimension
characteristics of nanostructures, quantity of exciting light converted into nonlinear
signals decreases, resulting in the low use efficiency of exciting light. Meanwhile, it
has great scientific significance and practical application value to explore the relation
between the strength of nonlinear signals and nonlinear materials, and thus improve
the signal enhancement ability. To solve the above problems, we studied the
characteristic of the second harmonic generation in hybrid nanostructures.

The thesis is divided into four chapters. In the first chapter, the purpose of and
main tasks of this work were proposed after introducing the background and research
status of plasmons and nonlinearity. In the second chapter, the methods used in
characterize morphology and optical properties of samples, and three-dimensional
finite-difference time-domain (3D-FDTD) were described in detail. In the third
chapter, we designed two hybrid nanostructures combining nanostructures with
nonlinear dielectrics, and studied them theoretically and experimentally. In the fourth
chapter, we made a summary based on our experimental and calculated results, and
present an outlook of the future work that can be improved.

For our study, we designed two hybrid nanostructures combining metal
nanostructures with nonlinear dielectrics, and verified the role of plasmons in second
harmonic effect, providing an enhancement factor of approximate 33 times. We got
the same result in calculation with the experiments with 3D-FDTD method. Our
research not only deepens the understanding of hybrid nanostructures, but also guide

the design of local light source at the nanoscale.



Abstract

Key Words: plasmons; second-harmonic  generation;  nanostructures;

three-dimensional finite-difference time-domain



HEm i

11 RAFEATHERNARERER

LIl REFBHTHRERLR

FLAE a0y, RIS B BUT 2 2 T RFEE AN RO (E 1902 4,
Wood FRIE 1 4 42 JE SIS RS B R H LR kD B T RS A T AN
FAZRTH 5 B o0 — 7B AN AEAE, #% Wood FTULE2 21 (I 56 B 1 e i 45 4 1
1l 2 T 4 B AR AL IR . /E 1904 4, Maxwell-Garnett & J& T —BH 8N
HLE B B8 Maxwell-Garnett FRIE, fARE 1655 /)N 4 8 RIURL 1) 35 368 11 €24 1) 7
KNP, 75 1908 4, Mie i@t —MEREA/MHIERIEIRIKL B T —E6RIEU
AT ) LT R e, AR T S IR AL I B IR B R o X e kAT T — M)
WA, RIS G T R 2 THT 45 B W 1) <6 s /N TR 1K) 016 2 1 B AR P 9 S it 1 1 i
o3k

JUAN R TAREAR R A5 B Hoo s LR R g . #£ 1957 4F, Ritchie MEE

W B HERT A G B R T EAE B EoTBBOC R, T4 Powell AT Swan
MR B0 P T i AR R A T R s 50 148 PR 50, 1968 4E, Otto.
Kretschmann 1 Raether F— M8 A 45 AU 8 IR0 42 SR B 0%, RIBURK R
THI 45 B IOTTARAY, o S22 S5 S XA 7 VAR AIE S 0T <8 Ja8 2 THD ) 8- A8 A e Al L UK
(¥1, RAERE 24— AN A P B 14 114 T 5 R 38— ol AL il 28 T 58 B e e R A S 2
g, TR A 27U, fE 1974 4E, Fleischmann 25 AA4RIE T W B 78 4R F b
FERE 2 T (R ALENE 23 A BB 245 5 o MLATT ARG T 30U LA G T R T 2 2
SFSREG A, BESRALE ORGSR E I iRt 4K TR O P B

R G FATTHE BN B TRFE — SO o (38 52 i b 2 i
) SR I R AR SR, TR 2 U 2 B 3R A o OR SRR . AR, &
T34 5 7 2 WO SR — NI 51 T AR 22 78 N 53 PR SR 4

£E 1990 /Ay, RIS B WOTIX AN U 46 58 2 (1) W) B FH 9 B 4a 40 e



A

w2

AEE B M AZ SCRIEFE A0S, AR o AR AR A 2 N T THT . 3 3R T 48 B TR oT
1R E B — AR 3R R R A B O I 6 AR R B R . A HE Y
2R A R 35 2 BB Fischer A1 Pohl DL A% Inoue Fll Kawata Bt i
S REFRMM, NI LLG, £FR ISR A e 1 2 DL RO S K R 5] T R4 %
263, RIMEHFUCE T RIBE R L E SRR MHIGE R (B,
T AOGZIBOR, REE TIRZI L R SR 2 a7 i) FRil B R R .
T, AER BRATT SRS U0 T B BT A AR OR R Bl A < s 5 A 1) HEL R 37 1 7 L
1.

R RIS B HoT R R 5 W FOR I BE A B BIAE, B
CHR BB ). 9Bl S fh e EI8, R s Bont 75508
MR, 335 2R T 45 B OTHA 1) &M S B AR AE AR B AR R . B 2
WAEft . KPR E . Rnas ek o2,

112 BEREFSHTHEREL

RIMFEWOT (SPs) RNFHCAE BRI H HBFAHHEAER, £FTH
A2 TR G4 ST, 4 e B T 3 B 57O e 4T SR 0 — PR T g, Lo B 23 1
53 e R PR R ) 7 1) A R R AL R DR (A A, AR R R AR A
RGAFUMERE T 2 A BRI Boot & —Fo T 5 SR H AR ELAE
11 45 2 T8 452 38 (R TR T 30 RG22 270 A AR AR, 24 NS Y6 O AR R
S B A AR SO, st AR — PR R I SR I G- R TS T
AR (SPRY P,

— A, R BT N R AL I 3 T A BT (Localized surface
plasmons, LSPs) FlI4% 1% i) % 1 2% 25 7t (Propagating surface Plasmons, PSPs )32,

FERRNS A 55 BT R I SRR T, Bl st & @ IERIE . =M%, 99K
7o WIS C AP . PUKIRAHRFEERIR, EEER TR 4
S5t T HURE ) Tk (IR A o R A, & AR 22 R MR A A AR 14T Dy A 1 i
F) B3 7E HAR IR A AR R T AR AR B e S T RROIR B2 Fir B 4% A IR S 3,
[ B A9 T TR T R R el (0 2R T 55 B s, FRATTRAIE] 1.1 s 38 53 1 4 JE 4
KERAGIRIAT W, 24— F RN o, JRIEA E 1 RS R 5T 4 8 4K Bk,

2



HE i

R AT 4 P LT S BB 26 R 3 5/ I PO R 3 2 5 5 IR Bk o
B BRI AN, E RN T — AN SR8 7.

J L

Metal sphere Induced electric field

& 1.1 RREREEEET A,

IEWAR (LD R, BT CpO FR/NRE BRI Ce, ),
SRR (o) DEAFHEYGEE (E(o)) FIANRIER.
p=s.aE (1.1)
45 Drude Bifll, FF5G— AP/ N T AFEKR/NER (a<d), Wik
KA LH AR (1.2) KEoR.

3 g(a)) —&n
e(w)+2¢,

a =4re,a (1.2)

Hrp, o REZMNHREL, &, KREBIINBFLL KT a< A B OHER
ASIEABh AEIXA AT T 5 FHAL R 5 G0 R FIORL AR X502 1T A 2 A2 A /2 TE 1
XA ) AT AL — AN I AR R, (Uil 1.2 fos). —H
By A CL, I R PR R s T AR I B s % B,



A

HEm i

(a) E_Ia::trlc field )
E=E, exp{— mf}.r
A

F=rn

:

g ’

o -

=

m

o ——

v En
y X

Time t = mTy Time t = (m+1/2)T}

B 1. 2 =N ERBBRLE 6 RNV KR R B, a B— M5 PKERE— R FEA
SOCHES, b ERETEAFREGFRMALR, AP HRERT, RidRHE
SR T RESE ARG AR R, i IR AR AT

4 p(0) +2, > OB, HHRIEHHIIL, TP oo, EIHBLHRNFBIL
o TSR BT . R T BT I — AN A h TV S 1
YE&IRER EX ST IR, SR HAR 0 AL AL I R B R, X
R T (13) i E,, FER L.

g, —E+ NPl (13)
Areye, T
% S HIZAE R B ER A F AL BAL R TR (T (L3) AU T &kt ()

F B A5 T R T Uk, 32 1T 3 350 0 1 5 0 SRk o IR U BT, 2 (o) 51D -2,
I, e R ER I R AL I S5 B T At 2 K 2R » 49 HUHE B0 IE R AR v AR ' Jot (451

4



A

HEm i

NP ) WA B, XASFAIR R 2 . AR, &)@ i Hue 5
1, AT PLH & AN e KR R Bok R R, BT (1.4) - (1.6) R

2

g(w) =1l-———=¢(0)+ig,(0) (1.4)
o° +iyw
a)Z
(91(6()):1—1+a)p21_2 (1.5
2
g(a)):L (1.6)
? o(l+ o’c?) '
e (1.7

o e,
S, o R AT OB, = Y REWIBIOIE, o, RS
S AR R S BT T
B, ST £ () =25, HEHS g, ()= 0, AT DUBE JE4R 10 2% ),
SEHRBE 0 REIBIAT (18) KA

i (1.8)

@D gpg = PR
m

RUIE, o g /&R EEERIFE T BHE R Co, ) FH BRI HL 2L

Cep ) PIB e FAINZEAEAL T EirsEa, BOSEr A BiHEA S T Drude
TR 1 2 A7 AE A HERE ST BOREAT I . 2RI, EEIRAR T 1pm i,
T RS TR A 5 P PR N0 7 5 I AT 82 IR )

ST R A, R ANOKER (RO AR ST AR B AR TBOK o AR S S R
Rk AE @ N7 (1.9) 1 (1.10) HENEREKRRIE.

2

4
Conm i 2| =2 | Llo) e (1.9
67 3 e(w)+2¢,
C.s =kIm[a]=4r7ka®Im slo)=e, (1.10)
e(w)+2¢,

Horh, k =27/ P,



A

HEm i

o T A< A [RGB, WRSCSCR B AT R LA, ok B g ) O R
TSR XS, BRI A T A2 AT TR () BREK
(A BB BRI BRI &, B AR % 7. ff Cy, /Cyy 14
GUKIR BN RS, 7E 1.3 . 24 a<sonm, C,/C,, £ 0.1 LAF, B
B SRR : 29 a 55 80nm I, C,,/C,, ~0.65, MU 23 LUK Wik ik
Fffy T,

0.7
06:
05;
Q4;
03:

Cvcn/ Cafm‘

0.24
0.1+
0.0

'0- ] T T T I ) 1 I Ll
20 30 40 50 60 70 80
Nanosphere diameter D (nm)

Bl 1.3 ZURIRERKIREC,, /C,,, MIAEEAL,

TEANETI P R 1, SR R R 5 B o i — AN R S A BRI 5 T2
HAL G R R MR I0 R B350 . R saE 1 (LFIEF) 32 750 f s
AN B RS [R) AT 4 S I OB S (%o b, LA 2 e VPN 10— AN . [RAY
TE R FLAR S0 J5 437 568 B2 BRI A A0 F 3 4RI (7 7 BROE LG, W s R

(LFIEF) #E Rk

2

E(r,w)
Eo(r, o)

LFIEF(r, )= (11D

HoAp By (r, 0) fRENSHH,
BT LEE AT (110 HEWTH, GLE AR R K Ak, R



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



