S5 A6 B 6 o F o M Vol. 46 No. 6
2017 4 6 A ACTA PHOTONICA SINICA June 2017

doi; 10. 3788/gzxb20174606. 0616006
SHL R 4> J 4 DK S5 1Y HL T BE AR R TG ST

iﬁﬁﬁga?’]‘/& 9:5:4:&}‘%'9%7}'@&
CEER%F B ESHES AT E S LEE, A8 230039)

B EAABKRIMEFHLBIRE ML FREMEAEGTENX A THBARZ S F LA
A LM BEAT AT B AR BAE B W B e 25 MR IE B R b R IE AR AT b T Ak B AR ki 49 R A
A b AERAN S me T EMKEHGIES . & T 3R AL EEBIKS Rk bR &G
BlUPEAT R AT FL B, 2 F AR TR RS AR A A R oAb, ik dh o9 R 400 A o B A ey B R A4E A A
M, Bitit Fl FRSMAENALBIKENAGFEFRALRFE L. ASZELLOFETFREL
ok L5 M T AR AR T B b R A,

KER L TRIREAEADFB TR BARESF F A REM R B

fE 4y kS . TN303 SCEEARIRAD . A X EHE:1004-4213(2017)06-0616006-7

Research on Electron Energy Loss Spectroscopy of Typical Metal Nanostructures

WANG Li-hua, LI Xiao-fei, HUANG Zhi-xiang, WU Xian-liang
(Key Laboratory of intelligent Computing & Signal Processing s Anhui University  He fei 230039, China)

Abstract; The formula of electron energy loss spectroscopy of metal nanostructures was deduced by Green
function. Several typical structural systems were simulated by finite difference time-domain method. The
regulating effects of the distance between the moving charge and the structure, and the liquid crystal
environment on the electron energy loss spectrum were numerical simulated. The simulation results show
that the electron energy loss spectral peak decreases when the distance between electron and
nanostructure is increased. When the liquid crystal material or isotropic substrate material is added, the
peak value of electron energy loss spectrum is redshift, but with the tilt angle of the optical axis changes.,
the modulation effect is limited. The surface plasmon resonance on metal nanoparticles can be studied by
calculating the electron energy loss spectrum, which provides a basis theoretical for the design of highly
complex plasmonic nanostructures.
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Fig. 1 Basic structure of electronic energy loss spectrum
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Fig. 4 EELS of gold ball with different distance

Fig. 3 Simulation structure of gold ball
between the ball centre and electron

K4 25l T ARTFIBE RS b % T 7 RE i B R3S AU S2 R . 6=0 nm I, KR i T G 9K BR A BR O 50 50 =
82 nm B, 1 TAERAYEAZ N 80 nm, KR F NG YOKRERSF A L5, T8 UE FDTD J7 2 115 f 7 i 5 fil
TG AT RO L TR 25 T BEM 505 BLAE L. 4 TR L T RE R R GG A BRI Ol 2.4 eV, FDTD 5
EIHA AR S BEM 45511 30, 3R W] FDTD J5 Al n] DUAL 3 e 28 38 B3l 5 41 24 ok A8 5 3 H fr 5 48 K
TIOR8 BE 2 IF L AT A9 0 (B0 1% B W (B2 A 52 e ol T SE SR A A T 2 IR 28 3 I H 7 B 0 R I RO
N A AR BR 55 1 2830 B L BB S A0 2R SRR AR

K5 450 778 6=82 nm I . SRR 0 h PRI G BT A . ol 7 BE B4R A9 AR AL B, i 181 5 AT LA
Wt 5 980 D' Tl A1 R 0 AR A L F T BE A R I AR A A TR AR LI PR BT I S BOG R f O 0°. T 6 4 T 0=
82 nm [, <5 BR JE] FE BR 5 0T v, 7 BB 01 2R 35 A S e L 0 BT A ORI S P FPERIE L oy BT LU L 2 4 KA F
A0 R 25 A LT B R R U X R AR 2.4 eV, 224 4 BR R 1B J5 A VA I R T R A i
XF R RIIRAE N 2.3 eV, R AR LR L O ELANOKORL - B0 A A 00T 107 ) J U 4 i, 0F 7 2 T 45 9 e ik B A A

i 7 .
25 6 - .
— =0 . N
— 9=45° L —Air F 4
N 0000 —e— Liquid crystal \
~ =
> 15 '__————J”’/ % { A
3 5 !/ N\
- ~\ :
5| o~ - S s 4 -
"\.‘,
1 2 3 1 2 B
Energy/eV Energy/eV
B 5 BBEHE T AR LA X B &2k F i 48 k% 6 FERNRT2HKEFREMRL
Fig. 5 EELS of gold ball in liquid crystal environment Fig. 6 EELS of gold ball with different environment

with different tile angle of optical axis

2.2 £#/5FIKAEH EELS 547

GAOREEAIE 7 AR =25 nmu RO h=15 nm.E 30 nm JRE RS IS L AR AR XS
HLH B30 156 2. 9K SR C BE B L 0 0=27 nm., HL T RYBURMEE N 1~3 eV, S 94K 3 19 25 1k
PIFS A A= Ay=Az=2 nm, LB S HE 590K S BRE —F

P8 20 th T = b AN [l Ff JER T <5 0 K 4 04 R 1 B 2 450 2K 335 A R2 W by L ] R B 2 A TR AR A R R 4
T BT RE R IS A 2T RS L N 2.4 eV BB B 1.8 eV. ML B4 K e 4 [ A: 35018 A A i 3 B 4
UnTEL 9. el I 9 AT, 24 5 2 oK 25 S B R S AR L G E 1 R R A O 3 A £ AR L T e SO A R [ 2R
S5 T LK <5 44 0K 45 Y 2 1T A5 B A G R S 3 ST 5 ) 3 R A .

0616006~ 5



EELS/(keV )

3

W7 &#4H
Fig. 7 Structure of gold plate
12 15
—Air
—— Liquid crystal
0
>
g
%)
b
A st
0
1 2 3
Energy/eV Energy/eV
B8 FREAEA KT EHR KL H9 AREFAETAEENE TFHRERKY
Fig. 8 EELS of gold plate with different substrate Fig.9 EELS of gold plate with different environment

b

=

ASCH Se il i AR R BN EELS B35 A AT THES AR5 3R T FDTD J5 ik 4545 L RE & 51 2K 1 AF

T T AN 4 Ja 44 oK 5 4 10 2 T 25 B T R SR . SO A 2R R T« 2 A s gl v A 5 A R R 1) I
O SE R AR T O EELS 3% 5 W8 e Az A8 Ak 5 5 A8 090 ot B et 2 4% 1 ) P8 54 4o TR A R IR R 7 B A G 3
AU 2> 20 A% . i 35 H 7 R i 400 R 1 O 5 JR A O IR 3 T A% B 1 BT IR B R I AT Ol i R R A ) A
BT R BEOT A OR S5 R Y R A BRI R

2% Uk

[1]
[2]
[3]

(4]
(5]

[6]

(8]

ZHU Yong-fa. Electron Energy Loss Spectroscopy(EELS)[M]. Beijing: Tsinghua University ,2005

k. BT RER B (EELS) [M]. b5 W4 K%, 2005.

HILLIER J, BAKER R F. Microanalysis by means of electrons[ J]. Jowrnal of Applied Physics, 1944, 15(9).663-
675.

GARCIA F J. Optical excitations in electron microscopy[J]. Reviews of Modern Physics, 2010, 82: 209-276.
RITCHIE R H. Plasma losses by fast electrons in thin films[J]. Physical Review, 1957:106-874.,

YANG W G, ZHANG X Z, YUAN ]. Optimization of the method to measure d electron occupancy in transition elements
from electron energy loss spectrum[]J]. Acta Physica Sinica, 2006,55(7) :3413-3419

T TUE L B, ZE R, —Fh i i 7 e B 2R T W A e T RO DAk s L) . M A 4R L 2006,55(7) 1 3413-3419.
LEE K S, EL-SAYED M A. Gold and silver nanoparticles in sensing and imaging: sensitivity of plasmon response to
size, shape, and metal composition[J]. Journal of Physical Chemistry B, 2006,111 (39): 19220-19225.

WEI Lai, LI Fang, ZHOU Jian-xin. Design of surface plasmon polariton nano-lase[ J]. Acta Optica Sinica, 2016, 46
(10),10141004

Bk 205, RS0, BT RS B BT MUK BOE A BT 6 7. 2016,46(10) , 10141004,

BARROW S J, ROSSOUW D, FUNSTON A M, etal. Mht anapping brigd dark modes in gold nanoparticle chains using
electron energy loss spectroscopy[J]. Nano Letter, 2007, 40 3799-3808.

0616006~ 6



FmAE A SO 4 900K 45 K Y HL T AR e R B AT 9T

9]

(10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

(19]

[20]

KOH A L., BAO K, KHAN I, SMITH W E, etal. Electron Energy-Loss Spectroscopy (EELS) of surface plasmons in
single silver nanoparticles and dimers: influence of beam damage and mapping of dark modes[J]. ACS Nano, 2009, 3
(10): 3015-3022.
HOHENESTER U. Simulating electron energy loss spectroscopy with the MNPBEM toolbox[J]. Computer. Physical
Communication, 2014, 185(3). 1177-1178.
REED N W, CHEN J M, MACDONALD N C, et al. Fabrication and STEM/EELS measurements of nanometer-
scalesilicon tips and filaments[J]. Physical Review B, 1999, 60 5641.
MATYSSEK C,NIEGEMANN J, HERGERT W, et al. Computing electron energy loss spectra with the discontinuous
Galerkin time domain method[J]. Photonics and Nanostructures-Fundamentals and Applications, 2011, 9. 367-373.
YANG C, MANJAVACAS A, LARGE N, etal. Electron energy-loss spectroscopy calculation in finite-difference time-
domain package[J]. ACS Photonics,2015,2:369-375.
BIGELOW N, VASCHILLO A, CAMDEN ]. P, et al. Signatures ofFano interferences in the electron energy loss
spectroscopy and cathodoluminescence of symmetry-broken nanorod dimers[J]. ACS Nano, 2013, 7(5): 4511-4519.
NOVOTNY L, HECHT B. Principles of nano-optics. M]. New York:Cambridge University Press ,2006.
GARCIA DE ABAJO F J, HOWIE A. Retarded field calculation of electron energy loss in inhomogeneous dielectrics
[J]. Physical Review B, 2002, 65:115418.
WANG H, ALEXANDRE V. Tunability of LSPR using gold nano-particles embedded in a liquid crystal cell[ J].
Journal of Quantitative Spectroscopy and Radiative Transfer,2014,146.:492-498.
EMMANOUIL E, KRIEZIS S J. Light wave propagation in liquid crystal displays by the 2D finite difference time
domain method[J]. Optics Communications, 2000, 177 69-77.
5E De-bao, YAN Yu-bo . Finite-difference time-domain method for electromagnetic waves M]. Xi'an:Xi'an Electronic
Sience & Technology University Press, 2005.
B 15 W AR I A B 25 3 LML PG 2 L VG 22 T R K A S At 2005
BERENGER ] P. Perfectly Matched Layer (PML) for computational electromagnetics[ M. Synthesis Lectures on

Computational Electro-magnetic, 2007.

Foundation item: The National Natural Science Foundation of China(Nos. 51277001,61471001), NCET (No. NCET-12-0596), the Key
Program of the Excellent Youth Foundation of Anhui Province(No. 2013SQRIL065ZD)

0616006~ 7



