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Abstract

Surface plasmons have been used in many research fields for the unique physical properties. At
present, coherent control of dynamical evolution of surface plasmons and matter on the micro
scale is widely concerned. In this paper, the optical response of asymmetric gold cross nanostruc-
ture is simulated when the incident light is monochromatic continuous light, positive chirped
pulse and negative chirped pulse, respectively. It is found that when the positive chirped pulse is
used, two resonance modes can be generated, and the time evolution law of the plasmon field at
different positions of the structure is analyzed. To the negative chirped pulse, the excitation se-
quence of the two resonant modes is opposite, so the plasmon field can be effectively manipulated.
This study is of great significance for the design and optimization of plasmonic nano-devices.
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1. 5|15

baE BHERABIE D R, AT 8N B LS A T B8 i iE R, 3R T 45 25 ot (Surface
plasmon, SP)EH T HRFIPERT, AEH8 TRAEATIHAIR, EPURRE BT 28t KFHAE
Tt AWK A B DL B BRI A5 A B A B OK 9 S FH T 5 [1]-[8] T A U B P R 2 1 4 2 A5 B i
TUAE A AN A S ) G REDR 21, DAL &5 B e A TS 2 BT 2 I DT [8]-[16] . £E 2 R I 7L
HNATT R IR R 1) R 0 S0t &5 B e s 2 VA I A 20, Smdk. KSR FBAELL, A
7 ) BE 8 R IR e _E X 3R A7 B HEAT RO % . 2002 4F Stockman BN ER S EWTAE T ARSI IEKIRT V E
PR GRS IRA R [17]: SOEEX B AR AL S, v CLSEHE Rssaa e 8] VO IE4REE /I T
AAL, UEEH T ARSI AT EK RGP SR RE Rk . BEJS, Lee T. W.ilId FDTD 7y 15 3K B
1) PR Ak e 4D AR A T DA 1) 4 e 2 T PR A R PRI AT Ay 5 7 A 3 I B T 67 R S8 RE [ 18]« k4, Harada
TAEB 73T HARFE A L Au 0K+ 7450, Jo38i8E B 0T o e 21 m] LLd s b i e FER B2 1t
Wk KA ik b A IR 3 (R R 145 [19] . 2016 £, Manuilovich X Eb 7 NS ik g 1E IRk St o A7 R gk Fik
. STCWARKK e, HET AR a I (i s, R IR SORTAE R Bkt BRA R A BRHE 1S
BT KR 58[20]

ALBE T — R T 2N ) B — AR R S Ak i, ds A IR 2 4 B A% (FDTD - So-
lutions) [21]XF X FREEMIFEAT TR 5T, XF T NGHEOE 2 B T 0, 1 WRIBEK Ak i 5 A7 ROk fik
I, RSB B A AR, SEIL T RS B oA ) A R A T . RATR B FE NS
WU 155 BT EA A B AR, 3% AN [ PR A AR T 4 AR AR A [] S FH A ) 75 3R JEAT I B3 L

2. iHHIRE

AR FDTD Solutions 2445 & 1 Fos BIFEXS ARG GRS/ T T 78, iZ S5 M B YN 490
KR, Hd AL S A3 y S, A2 5 A4 B x fl5 A, #EK 2508 AL =80 nm, A3=50nm,
A2 = A4 =90 nm, EFMERITNG, FEFEN 15 nm KRR, SA9RER 52T 30 nm, #5 z %l
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Ji R BEA 30 nme DN T 5 B TSGR EE R T e, NSHESREY 2 BhNGT, y IR A3 EUR
(total field scattered-field, TFSF)J&ls, 4n/¥ 1 frax. FERSAEFE i e 9k &5 4 8 BBl oA B R 5 (n =
1), BRI 2% 2% 2 um®, £ 460 JE] R R X R RS 58 2 2 2 nm® , 38 T 58 SE VLI JZ (PML) R il A o
TR R B WA 0 IR TC T BB, 5 3 3 A A 18 1 8 e e B A A7 1) 7 ¥R S B

Figure 1. Schematic of the proposed asymmetric gold cross nanostructure: A1 = 80 nm, A3 = 50 nm,
A2 = A4 = 90 nm, arm width is 30 nm, and the height is 30 nm. The incident direction is along the z
axis and the polarization direction is along the y axis
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Figure 2. Optical response of the nanostructure illuminated by the monochromatic continuous light. (a)
Extinction spectrum of the proposed nanostructure. (b) Near-field distribution of the nanostructure when
the incident wavelength is 718 nm and (c) 852 nm

B 2. NG A R EEESER, YREHINEEME. (2) HREBWRELE. (b) ANGHEKA 718
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WEEN T, @RRMAEREAHB T, BREHBTFRE, UANESE&EAKEEWRTTE H
LS R B0 R AR R I 3l A i T 36 T 2% 28 Bt L 9% (surface plasmon resonance, SPR) [22], 24774 SPR
B 2R R — /N e . ARSCRALL T NG 2 BN, y FlRIRES, JEXSFREGIK 451
PIEHE, il 2@) BT . WG AALERTNIEAE, RIS ASOGHT 2 BN,y BhimIR , fEER AR LR
R, FEPRBE K0 718 nm F 852 nme SR AR 718 nm I L ARG BRI R S5 AR, T DA
KRR, T oA 20)Fias, v LLE ki Bdg R EAE R 7R A3 MR Tl . SR A KN 852
nm {14 B 68, T SR IR I IO HE o) — RS, g AR 2(c) R, BRI g B TR AL
T . BEALRIL, AR B EIELSOCIRG I, POREE MR S B IR AR, X R H A
RIRIEER o, RR e B B ARIFMEREE, X Rt R TS5 B o e R Y sy 8 HUH
(Surface-Enhanced Raman Scattering, SERS). A=W 57 25 5 T fie W6 3E 4T 584 R S -
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Figure 3. Optical response of the nanostructure when the incident beam is the positive chirped pulse. (a)
Schematic diagram of the positive chirped pulse: «=0.17, 1, =70fs, o, =374741THz , and spec-
tral range is 644 - 1064 nm. (b) Time evolution curve of the localized electric field at A1 bar and A3 bar.
(c) Near-field distribution of the nanostructure at time of 148.9 fs and (d) 182.4 fs

3. HAGIEAIENEM KRS, HREHPLFME. (2) EVEMBKHRER: =017,
1, =70fs, ©,=374741THz , HXiLSEEA 644~1064 nm. (b) EVEAMKEKHREZHET, Al #EiRES
A3 Hif i I8 B A BB EE (L 4% . (c) 148.9 fs BRI, 4K EHIBIR 1A F & . (d) 182.4 fs B %,
AREHRIEIA S R E

WE 2(b)s B 2()fm, K B OESHCIRE gk AT, HAEEOR R R R R8s 5
BOt. NGRR3R 6 O Bk b st U0 vy DR B HE B I R e IS . 4 R ORERA T
FE T N6 8 WABRK R O Bk iy, SR sk (AL R

Ok R IE N -

E(t)= A(t)cos| at+o(t)] @
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Horr oy NEEIAE, A(t) e A(t)= g W) o =7 /N2IN2, 7, FIKITERSEIT ], koA
35 AL ) B AR A SR i i (O B, 2 A Ak [23], RIS RIS B A E AEE, Y]
GEAEAT AN FEARIR], kv (1 B 0025 o B [ (1) AR AT AN W A8 A o ZEASEAOLAR, AT I8 S T 4 R O Bk v 1)
RS >R ST BRI WK ' 5 <
o(t)=awt’ [z, )
A LUIE IS 2 o BOAES R AR o I IE A7, IF LB b B D 2838 AN b5 7 5 1 o A2k .
3(@) B N IE kR = B, B, a>0, 7, =70fs, @, =374741THz , Jtilk il N 644~1064 nm,
A8 T AR SR K . 15 3(b)4h T IE WA KO I 9K 2 AL Bt S A3 Bt R Ik L
(TG Bh £, AT DLE Y AL f5ET A3 fAE 148.9 fs AR T i Kz igse, e An B 4 3(c)Fr
s HIRBA 852 nm B FISERIE UL A — 8. A3 SUTE 182.4 fs 1A R T e K ag, T3ponAi
BNkl 3(d) AR, SRR 718 nm MSLIRIE AT /0 A — 2. @& U 24 IE VAR Tk rh RE SR B, B AR
HARBE R, IF BRIy 852 nm LR L ARy 718 nm (LR e ik . X2
BRI A 224 T ALK ik ekt N SR BT, ko 4 i B A3 2 [ B ) 328 T 18, R R B IS TR0 sk ), 4 B O A e
5 & BYUKRRLZR T B BT IRBN05 AR AR I 227 AR SR R T 55 B WOT R, BEI R 37 5 B
B, HT 852 nm BFEARIEK ST 718 nm (RILIRIE K I, i LARK A 852 nm I SLARBE A e UK -
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Figure 4. Optical response of the nanostructure when the incident beam is the negative chirped pulse. (a)
Schematic diagram of the negative chirped pulse: a=-0.17, t,=70fs, o©,=374741THz, and
spectral range is 644 - 1064 nm. (b) Time evolution curve of the localized electric field at Al bar and
A3 bar. (c) Near-field distribution of the nanostructure at time of 145.5 fs and (d) 172.0 fs
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AR, 5] 4(a)gh T AR KR B, a=-0.17, ki o S b5 S I W Rk Tk b i — 3.
Al Y5 A3 B a Rk L BT TR A R a1 A(b) B, &1 4(c) 5 ] A(d) 25 H TR R B K 37 i
B ZIIE 37 50 A B o 5 IE AR R A e, FEHRIE D 718 nm B SEHRBE K EE IR AR %K 852 nm (1)
FLPRBE R o I A PR g 21 S R ORK kb NS BT, B o A5 25  F ] 177 28 47 k), B 718 nm (R SR AT
J6 T 852 nm FILARATZ I,  FrLh 718 nm [ LARAR UK S UK

W R Pk v 8 Bt 7 o SRR AR AR RE M IO, I FLE it SR WA K ik o AT LE 67, BB A TR 4% R P R AR
WO N, ] SEEAT 5 BT 71 2 A A R % o X —RePE AR S LR AR ML AR S DL SO d
W THAF 2 o

4, 4Eig
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