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(R AE, W DA I BR 22 43 77 1 (finite difference
time domain, FDTD) ZEAT B4, Hrb, 123 1)
THEE ROV LR L, AR L, 7T LAl — &5
FEAS 1] b B H I TA) b B A AL SE AR B AR AR T
KA. TE BB 2 R R0 ) b SR A 22 v W 5 07
FEAH, KA T IO T REEH CLOGEWR N, 455
0T CL A 78 S AL P E IR 28 U gk
2 WA e i (12) 25 50— G JB 9 R 25 1 1) L 4R
B, BAKHL 1 NS 77 1) ) SRy SRAR 6 T 38 5
FE R UL BEE R IR, B 70 25551 5
RS AN OR R N STE 2 LN NI RS RS i
& BmTHRTEKEEBUTER 2 2 MR,
FME A LIRS B S W T I BOR AL E A G, DR
FF A% 72 't e e it th <6 8 4 oK 45 4 AN [F) T 22 UK.
B R R IOR < R 0 oK S5 R B AN TR B Ao
ISR % CL BHG 3t — D& p, ] L3RG 45
P = e A5 5 001 Ak, CL 3R AL A %
LA )T P 5 R P AR T T A = A 4 D18

2 AT EHER

2.1 ERARGH=ERRKARIE
HIE

I H - OR 55 B T R IR T T I B 4
MEEFERZ— W1 (a) s, B KETHEE
NSRBI RE i 2 TH D91 B TR X SR E T
b, Not IR 2 R AU PO Bl dn R U
T HECE T U T X L S A AR
AT ERIZL Ak B CLAE 5. 7 o R O 0
Al AT, RS R L R ELAE T BE UK B R 4K
ZERIRTE BT AR IR Y, P24 Sps h2122],
SPs HA MM 7288 - BT At L E0k, JF
WA T A%, PR O A% % Y SR T 45 5 UT (surface
plasmon polariton, SPP); 44 J& 44 KBk 1) B 1%
d < X (BORIERIPA) I, 5 i 7SR BRAE
20 K UREL ] [, PR JR) 38 3R THT 45 25 30T (localized
surface plasmon, LSP). @&l 1 (b) fia~, 1Rk 5%
B ot R AR CL 7 3 0F = #0291 1) B
KA LSP AEZE AR i AR g At CL; 2) B R T
LT IOR R (I H - O ARRE, T REE
L BOKREGL, (45 BT RRIE RIS, St R nl
B CL; 3) LT I3RS BRI BIBUR A, b4 2
BURREH R 2577 4 CL.

TS5 15 T 40 AR BORL (¥ 1% 5t 75 125 7 A T
B ARG A WO T LT ) W AT RO 8 R
WA, FLIAE AR BT M 3R 1)) SR T R
THT BB, AR R REMUR RS BT
X, v SN e T Bl AN UL BT R AR T
) FH B B e B F T ORMOR S B T 3R IR T AR
BX — R PR, SRATRL I T A DY AR, T 1 A% 5 7E
W R, CL A 5 B RE W s R H Y L 1o
L3877 10 R B0 1 3 % BEOF BR[Ok
ok w7 BB A ALV O R SEELOR SPP; X T T
Wk, ROEHE NG BT A R0 i 2 0 /NI O
T, AT DURR 4 2 o 1 R RN Bl R R SR AL
SPP [t it Hh £5.
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Fig. 1. (a) Schematic of different scattered electrons
and radiating CL under the illumination of electron
beam; (b) schematic of launching SPs and generating

CL stimulated by electron beam.

2.2 PARTEIRMIRA

FESEM v, B A S ) HE T ARG o 45 2R
FEONGR R RO, %l & A il AR, 0k 55
BRI = 4R CLAE 5 1), & i1 CLAZ
SR 5 MR 8] R0 T B S S A8 B
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A (M2), JEiL— R 5E G TR A
BEN SPGB ST IR A IR OISR R, R

5T E A BAS T, AT BEAT BB D 1%
PRI, Hg G =0 32 B4 B 8 X (monochro-
matic mode) M4 41 R (panchromatic mode) P
i 290 3@t o YA AT Se B T AR AR b4, Bt
B S A 5 A AR I AOBME B, AEA R T
SRR B At 1 L B S U5 TR o B AR
L A TR BE USSR — 8 B TE B RO 5 5,
CL BB BB R i o B2 AR PRI 25 S AR 1) 1Y
6T RE. CLARIMECAR AT LLA P A [7) 4 b 21
773 B IE1E (CL spectrum) FT A B % 't 5
(CL image). B ZE6HE & LA K B fE & AL
B ROGIR I AL TR B E B B 5 B 2
I I3t 2 BB 0 B it 3R T AT 4043 (line scan) B(X
WA (area scan), HRIE L5 5 5REAR, Fib

DA ERERESATTID A
SEM
‘o1 > T~ a
(o : < Flip mirror Filter
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2 R AR SRR OGN Y S A B R
(26]
Fig. 2. Schematic view of the experimental CL detecting

setup equipped on SEM.

3 MBAKEE—2BHKENF
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AR & DL BE B R 3080 I R B T Ol A AT A AR
BR 127300 ] i [R] 3 4k 7K T A G5 e 2 28 AR 1 5 A0
P, NASKEE OGS B R FR O 1 AT AT A o
J7 G B2 G R oK SR A T A BT I OR S
HOLPRAE A2 3T AR M FE R L. CL R
AREEE R HEUR, (155 B Otk REZ 3R
MO AT RE. I CL 28 B oot 7t 1 22
S8 51— & R AR T, ang kel 48K
TFAIRR L SRS

K 3 (a) 7R B A ML 7 B I & R gk
S SPP A% B PERT 7E 159 |l i o RO S

7P S B O S AR, R SR oM K 3Rk
5 SPP (4R S 50, iR EER S OE I,
A SEELXT SPP HIRAE. 4 @, y ARHREIR R PRI 1
T, 2 HiE g s i, SRR Z =482 M AL E R,
BRI SRAT CL Ry 58 WA R 23 (B 98 70 AT B 2 1R A 5
5L AT A S

CL R B AIE R T W70 5 — e 9K b 4
BT IAERT 10, 183 (b) 7R T 7E HL T A
N S 9K 44 BT AE = A R K
FARB AT L X T 592 nm RIS, PSR
B PYASFE R 73 B G s AR KA, 10X T 640 nm A
J2 730 nm RIS, CL EEAE L T =Mk
BORAE, Ui BAE BT AR Y, SR LT
e 2 AR

ERIARL R EEHoT CLFT TR — K

Pt S B WO RS A E IR R, T 454
XPRRVE I BR ], T NG S BEHE UK AN K R 21K 55
BT LRI, T A A 0 75 B i o NS
FARERAT IR AR, I LT RO & R A K A
F4), T AT DA R BT 5 B ot 3R e X 121 4l
1, SPP u] AEGK R4 1) b F R A& 3 IR &,
7 A AR R PP AS [ () e A8E 2X, A% G iU
SEng HRE I 22 2 fE A2 SPP 3 58, {HAIH CL 4R
WAL 7T DL 22 BHAL (B3 (c)). K3 (d) &5t
T YK R 2 45 0 1) CL BB S SPP L3R 5% B (1) 44
KL TE L, THE AT S AN [R S5 /) 55 B 1Y) SPP A Ja A%
SPP ki fE. ik CL 5 RifE SPP n] LU i, 4R
MAF 2K CL 5 5 A 1L A& FAE SPP, I6A HAth 3t
PRAL I AAAE, IS NKFE SPP, 1H R A5 2 H 4
W, 5 SPP AE L4 &N, 3K1% 1 5 CL
o 2 ) E AT

& B, 72 AR SPP LR B/ B A A A
RO G A6 BRI R BSOS, (R B AT AT R )
BB B DR A T R S R R R — A
HEHRER 5. & AR LED A0 B A5 68,
N T BTS8P3 YK s
HEITEM RS B4(a) Gt T 890K 38R
Ji A1 4 P B AR DL RO R R B CL B 02,
FLHR P e 01 15 PR T S 4H k., I CL 4RI
FORTT LU g 3R s g, 1 A IR 7T 777 (finite
element method, FEM) X} i P 55 B9 3t JLE 4R 5 5
BEATEAUAN 04T, B 4 (b) e T &8 -5k -4 )8
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FEAR 5 KAE SPP B BNt gt s sz (13]

Fig. 3. (a) CL image of Au grating structure (331, (b) SEM image of Au nanowire and the CL images of the Au
nanowire at wavelengths of 592, 640, and 730 nm [10]; (c) the relationship among the CL signal, the strip width and

the emission wavelength, four lines represent four resonant modes [13]; (d) CL images of the structure, the calculated

(13]

intensity of SPP standing waves for short-range and long-range SPP modes .

(metal-insulation-metal, MIM) g4 & 28 H4R s 45
s M R EAA N 2 um. JERA CL 5k
55 TR BOR AT BRI KO8 R e I AR
Ji 2 A R (Al 4 BT oR). R —Fh AR
(53] 5 L R s R ASE Y (7 R S 3 35T~ T MM 55
BT HOC R) o M IR IR X, BN AL
I 77 (boundary element method, BEM) fi# 32
SR TT R, RO I A F O A6 A RS ) A
XAT o, HEE R SRR G, S E i B
£ 105 nm I, JLHRME N RARE—Fis A, JLdR
55 Z PR 17 S 8 DA R A /N ) A A AR Aol HL 3
T DUZE /R BSR4 S Rt 9T

TE T = 1 % 8 40 K kL (¥ LSP 455 =X 1) F 9t
i 291 F OL X 45 Myt AT A i d% (K5 (a)), RS

FIFH FDTD X A = MR BORLBEAT T B 4
T AR = TSR I v B Ak, 45 31 1) CL 1% 28
SRR LT A, N T EOLER S TR
WOR BN, SCHERVEE 04T T AN E: 1) AP
THT 335 950K R B A RV D1, 75 9% K 300800 nm
90 ] AP 7 A LR 068 23 0 AR 3R = AR T O 2 o 5
B R B (677 nm) FTPYAR (400 nm) (T A
P 35401 iy B 4% 5 S SR HT S SR A KA 2
BB AR AE U 1) 20 8% , (R DU M3 52 m, i LA
T T A R, 7R AT WG B AR S B TN
(0 DU AR 5 20 2) FE 3R 43 Sl B S TR = A T R 2R
Uit 51440, R FDTD 4045 21 i e i 5 ih 28 an
5 (b) Bz, 600 nm & 45 P 5% i 26 #0H — N REE
g oF 7 T P AR AR ASE 2 380 . 7 A F) it 0 T %o
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2,7) (2,8) (2,5) (2,4)
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(b) (c)
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Calculation
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B4 (a) g9KFAR M M55l 8T UG AR R ER I K R i CL EHR 121 (b) MIM S i (MU () BRI HR 8 15 iy SR
BRIEIBAIRR, UL F ek A3 8010 CL S8, #F kAR AR (m, n) X RIGHK (11

Fig. 4. (a) SEM image of nano-resonator and CL images at different wavelengths indicated [12!; (b) schematic of the metal-

insulation-metal structure [11]; (c) the relationship among the CL intensity, electron beam positions as well as free-space

wavelength, and the CL intensity map calculated using BEM, the arrows denote the wavelengths of modes (m,n) (11,

T T T T

4r __Tip (b) 1
212}
g
10t
e}
2 stk
~
2
5 6 L
o
2
ER
2 -
0 i : ’ :
300 400 500 600 700 800
Wavelength/nm
Energy/eV
s 3.0 2.5 2.0
2 — — N *576nm (d)
= — —
=
. 6
e
—
<
~
24
w0
a
£
= 2

400 500 600 700
Wavelength/nm

K5 (a) ZMAAPKBURIAGA G CL B 251 (b) HF 3 7E = BRI SR 5 1 G A R /3 S BRI 29); (o) &=t e
B I (A1, (d) T AR AR A B B 3R CL 3% (41

Fig. 5. (a) Panchromatic CL image of the triangular nanoparticle [25]; (b) simulated radiation spectra of the structure with
electron beam position locates near the tip and edge [25]; (c) SEM image of the truncated tetrahedral Au nanoparticle [41];

(d) CL spectra obtained from different electron beam positions (41],
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JSETHT AN AR AR AR 3 24 L R FEUL L 4, 400 nm
Wb 3E 2 7 A A THT A PR YRR A 2 I R A U
Ub, FER GBI BE, X T i R R B =M
ANRAORE, L AR 3 B T A ) A R A T T A
HIPUARAR 2, X — &5 R 2B 73T LSP AR
WK SBAGIINR. T E&=fMkadiml g
TR I3 SRS R S R K s T SR 51 T b
(5 (c), M 1—8) 7= A0t B 1 5 = e SR AE A
2 — R CLOGHE (M5 (d)). MRIEAFPAKT
et CL MR, B AT RO L E I T8, 1%
OB Ok, BUMmARZ (R AR X, | T AT
SR IR BLRE BE R T T00AR A, PRI 28 T 5

Energy/eV
1.8 1.6 1.4
(a)
8
c
=}
g
IS
2>
‘@
c
2
£
-
O
0 : . :
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Wavelength/nm

@ e . 3
: : : QP
i p A
P m— ) i
= Rt

6 145)

900

JR 47 4 SR AR, R A FDTD R AL, 1 4% o 45 =K 1
FOEHE, KL T A=A G 1 LSP MmN #, N
SRIAN 73 A7 3 37 28 B BT A o DAL 78 4 4% 2 3
TCIH 5 [ K BH BE HEL L 5 T AR BOR SR B3t 1 35 ).
I, A e 2 B A i 3 A8 AR Xt R 1k A sk B 2
S B 42 R 40K S5 K [ LSPR 2440 b 7ok
GG ) R 50 AL LSP R A LA K 3k
JERX A G I LSPRA — 2 52, 2R &9
K G5 2 e rC DI A% 3 0 A DY A Kb R —
S THT (AR 3 4 B, W 6 (a) s, CLOG S 3 T
L RSN B A7 IR R ARG &, eIl A w
AN TRV, FL T ORI 2R i e A A 1) DX, K

Energy/eV
2.2 2.0

2.4
(b)

18

16

14+

12t

10

CL intensity/arb. units
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/()

(0 —+20 ==+30
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Simulated CL intensity/arb. units
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(a) HLT R AE R AN R AL B A CL 1 (b) HL 7 SRR AR O XA R B 1 CLOGHE, SED AR RS IEIE; (o) AR

WEAT ) CL EME; (d) Ztaliel LARAT RS CL OGRS, (e) ¥ A7) 8 LI 454 5 L gR K i i 20 A0
Fig. 6421, (a) CL spectra with different electron beam positions upon the tip; (b) CL spectra with different electron beam

positions on the core area, inset is the SEM image; (c) CL image collected at different wavelengths; (d) the influence of the

structure’s rotation and substrate to the CL spectra; (e) structure and image charge distribution with different rotation angles.
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9 550 nm AbFIFLIRIEELGE, MK 750 nm 3%
PRI R 55, > T o R A A O XS ) =N
FZ P RO XA AT AE = RE UG, T 0 A 00 2R 0 5
AL B 2 5 7 T —AMIKREE I (6 (D). A
s CL B R Al LUE H, H - SRR o X5
i, 550 nm &b CL 2= 2253 A0 fEAZ 1) X 3N, Bl o5 %
KGN DL K H AR B 20, CL MR S5 4% 0
[1R) A2 G A 328 3 Bt % 1) 0 i 00 L 98 B 8 OK T K
(K16 (c)). FIHFDTD BT 454 CL 152,
ST E A LR R CL B2 A: W Bk Ar
BIRFEAAE A TohEAef RO I R, Hokt CL
S R, A A R SR P kS 1/3. SO AR A
X I O IR A R S T B A vy, A AT IR CL U
E BRI A E LIRS, J5 T FEAR I S 24 - Af
15 SR IBAE 250 R TH R 6 R AR AR B, B BRI AR B8
HSRFERRAR, ok I A B Ak, G £t e %
B HL R 06 R A 4 24, TS 50° LAY BT 0 5 4 iR
(1) A 18 T Rk 55, VA R AR W A% 50° DL B HL TR
51 I i, HARum i it B 5L, X CL
P A% DX 38 BR A A A LSP A :0 E §, #£ 830 nm 4
FEAE— AN H B A LSPR & A0 (B 6 (). BFFiER
B, il LSP AR 5B 54 IR A & B K
R, FLT O RS A X S 1) R U A 00 2 el PO A
LSPR 5l &H). #F— B 5450 54 I8 &,
FAAG Ha 7 455 5 43 A7 285 44 45 A JEC 1) A [ 8] 5 B 4] 4
HAEH, WSS T2 54EN B & G EM
HAER. v AH T T4 TG R e I, AR S A N IR
A AN 77 TR A SR BE B S5 AR AR, N T RS
FIE AR A, S 80H # R CL 38 B /N T T4t JE It
(PSR . R BT TR I, S5 548 2 TR) WA A LA
AR FNA EAE ), SEUEAL R A AR, T
B e 2 N TE R S, FL AT A JR) S 38 B A S ) o B
15 W A7 35 72 (16 (e)). BIF 9T LSP 54 JiE 2 [a] (1
IR FNT 1 T 2 THT 3 6 1% 2 L AR K R RO
M e st LR AR MO A E R X,
Horbt CL =140 #E38 UR B XA 78 LSP A5 38
P AT N B BRI B,

4 FABRNE & B AR A LA P E A

A CL WU 46 e T a5 M i & SRR 1R 5T, L
g SR AL O R H AT T — A Ty
). A SRR 5 I 7 AU e SR AR S ik sE
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Fig. 7. CL images of a nonamer at (a) 660 nm, (b) 700
nm and (c) 770 nm; (d) CL spectra with the excitation

at the center and outer of the nonamer.
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Fig. 8. CL spectra collected from different ex-
citation spot, the inset shows SEM image of Au
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Fig. 9. Symmetric and asymmetric nanowire-nanoantenna coupling structures (491 . (a) SEM images of two

coupling structures; (b) CL images of standing wave plasmon mode.
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Abstract

Surface plasmons as the collective electrons oscillation at the interface of metal and dielectric materials, have induced
tremendous applications for the nanoscale light focusing, waveguiding, coupling, and photodetection. As the development
of the modern technology, cathodoluminescence (CL) has been successfully applied to describe the plasmon resonance
within the nanoscale. Usually, the CL detection system is combined with a high resolution scanning electron microscope
(SEM). The fabricated plasmonic nanostructure is directly excited by the electron beam, and detected by an ultra-
sensitive spectrometer and photodetector. Under the high energy electron stimulation, all of the plasmon resonances of
the metallic nanostructure can be excited. Because of the high spatial resolution of the SEM, the detected CL can be
used to analyze the details of plasmon resonance modes.

In this review, we first briefly introduced the physical mechanism for the CL generation, and then discussed the
CL emission of single plasmonic nanostructures such as different nanowires, nanoantennas, nanodisks and nanocavities,
where the CL only describes the individual plasmon resonance modes. Second, the plasmon coupling behavior for
the ensemble measurement was compared and analyzed for the CL detection. Finally, the CL detection with other
advanced technologies were concluded. We believe with the development of the nanophotonics community, CL detection
as a unique technique with ultra-high energy and spatial resolution has potential applications for the future plasmonic

structure design and characterization.
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