#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 17 (2024) 177102

1) PR R Bk T A B e Bk R R £ S AR R
MR EEEHNTHEERBR
READE MU FHEDY BRI KEEUIY A

1) (KREHETRFYIZGE, B GHEINEF T s, K& 130022)
2) (KHFEH T REERBIEE, T 401135)
3) (KEHTARZEFILBIERE, il 528400)
(2024 4£ 7 A 12 HIF]; 2024 4£ 8 A 12 HUEEIEHHR)

YERR AR 15 7 75 U8 5 38 T 55 B 40T (surface plasmon polaritons, SPP) 4 4% i 4 1 X 3k T 45 85 ion R,
BT /N B R A B R . A SO RS T SPP 16 A [R] B B 4 I 3% 1A% 4 0% B o (e .
4 BREIEEE/INT 40 nm B, Bl 5 JEE E (13 O, SPP i1 B B2 €0, B S a0/ ) s 4 BEJEEFE R 40—60 nm i, SPP
PR OB A SR I AR KT 60 nm J5 R FE1E & . R B8R R 22 00 7 3, BUE R T AN F L
MG T SPP 1Y a3zt [R]yE £k . W ad bR RAG fr i B T SPP L 350 % 5 A S B 10 ¢ R 8 2 SPP 1)
T B i, I A5 B B2 e 4k S A 25 5L, T £ b R R 0 WA BRI i & SPP SRR MEE A% fi v ™ A 1 BEAE R £
W, LA RML s IR R SPP 4R iE . Wk 58 py R £ . e oh, IR 6l SPP Uk 4 J8 Aok K &, 38 i TR 45 A G ik
O S SPP 7E & B G55 7 A B A IR (AL G R PR AR 25 A 00 T B, SEIAE AR AR 532088 h RS 7
B Y Ls B ) R B s A T % TR A5 B T AR R T R O R AR R S B L

KR AmRIAFEROC, WHOLIkeh, FREE G, FRIER (AL
PACS: 71.45.Gm, 73.20.Mf DOI: 10.7498 /aps.73.20240973

T LR HR. L0 B IR 2 01

B = T 12150 F R 1 1 s 2 B (SERS) 017 4545

B EE EEAN FME. T IT RIS SPP )

Wil 5 FL 5 38 15 9 -5 A 3L Gk B FEREFRE R BT HAT 8 DGRt 1 e - /N b

B, RO K e R A B R A B RO R IR, X T HER AL AL AL 5 B S oT R

2 R ER A S B RS L RS [ W B R L REZ G E T, HIt, AT HAL SR 5 1) 08 200 fL4%

BT a i v AL i 58 i AE FLERE 07 #E 4ok TR 20220 D R A% 4 2k A v fok e ) 5 -5 R A6
Z BTz . R AE B MOT (surface plasmon % 2326] LB T TIRAMFSE.

polaritons, SPP) J&—Ff 7£ 4 J& 5 /i ot F i 1% #& (HASTE RS, R SPP e 4 8- AL

(1% LR I, ELAE I I K 1 2 ) Ry SRR 0 DA B A ST A% i e AR 2 7 AR R AT 20 1) A A R (R

* R E AT A (HEHES: 2022YFA1604304, 2022YFA1604303) . FE% HARlAdE4 (S 12374341, 62005022, 12004052)
EMERHTHE S (S 20230508143RC), FFE “1117 3R] (HEdES: D17017), TP HARBA3ES: (HHbfES: CSTB2023NSCQ-
MSX1026, CSTB2023NSCQ-MSX0302, CSTB2023NSCQ-MSX0708) Fl[E 5 %% B L S A se A 53tk (35 GZC20232234)
BB IR,

# [F A SRR

t BIE1EH. E-mail: linjingquan@cust.edu.cn

© 2024 FEYIEFS Chinese Physical Society http://wulixb.iphy.ac.cn

177102-1


http://doi.org/10.7498/aps.73.20240973
mailto:linjingquan@cust.edu.cn
mailto:linjingquan@cust.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 % 3R Acta Phys. Sin. Vol. 73, No. 17 (2024)

177102

(group delay dispersion, GDD), M T 5 Wi 2 T {5
FEAN [ A% B 25 A0 o 37 A 4R M L AR L Dk o o R
BRI BEAERRE. SR, AATTX T SPP (&4 h
FEAE T B, Yi A Houl) fff i
Tyl kAR BT SPP 3, R T 1L
X SPP 18 4 1Y 4f i A B[] W Bk 7 52 e, I AE AT
WA LT A X ) AT 3 Bl N & T SPP 1Y
THf 3 2 RN B 8 B (B (group velocity dispersion,
GVD)P. &z HHi, XFF SPP & Hdet: i it 524
PR TE A UK R EE AL 0720 Sapok ) M4 Jm
JEEAE AR B A5 4 KN T4 45 AT 9 A AR B A
R, W] R A B UOTAR IR S AT A A A
SR AL i o a1 4 Jim EIES 0L TN T v A R
B, b FREEAR SPP & &AM ERE, ok
AR SPP B R tE. R IL e~ 8 4 i T SPP
1 GVD., 52 AR % 5 [X % SPP 371 3 8l 2%,
Xt fs-SPP TEGAS G727 | il | AL R SU Yt —
A EA B {2850,

AR FHER S ST S A BR 22 3 )7 (finite-
difference time-domain, FDTD) 3k15% |~ SPP 74>
TR RS A s P2 AR ) G VD, SR A RENEDG
[k vhSE3 SPP U HE A R BE | ki 58 B A 2 B
it SPP 748 -5 F A B A AL R ) (B IO oK
it Espp FFxt kspp AT Bk 82kSpp/aw2 AR T
SPP 1 vl 4 55 9% IH0 1% i A Rl R . &5 2R3k
B, X SPP 1 GVD 3 i & 52 0. i i
FDTD i85 1 SPP 75 A [a) 4% i B 25 4b 1) F 37 58
B, R % SPP, REMS #MZA% 5 =
A/ GDD, A FE B AL SPP /) HLIZ7 3 B
TR SPP WM. e, Wit T —XA
[Fi] e B 1 4 A K (R AR S AR A oK R 2k Sl i 4

N
=)

(a)

—
ot
T

-
o
T

Real part of kgpp/(107 rad-m—1)

300 330 360 390 420 450
Frequency/THz

AGPL TS SPP AL AL & 1 F B, S8l
YRR TP Ry I S VI | VIRt 8] Y 3 Bl
i, FTHFET SPP B A b 5L 34 HiL & (1) 8 PR R
fiftJE A .

2 #X5ib

GDD $& HLRE I AE A o TP AZRR I, A [R50 58 B
A3 RO T PE B () 43 FREAE IR (0 R 0t A 7 (R
B R — e B S 5, AN RIII3 1 o BB ) [ 5
FPEL R, GVD A28l By K B A SR 1
B, BT £52/um. Ry T R4S SPP A 8 v 4 A L 1
bk, It TR R 1 B T 0% kg / Ow® B
FEHES LA T SPP Y GVD. SPP i %48 /H
A I ST A% A ) (OG22
tanh (Sah) (e16355 + £2,5153)
+ [S2 (6153 + €351) em] =0, (1)

b 2=k ek, SE=R - enhd, SI=
k2, —eskd, em NEJEBII HLPREL, TEASSCHIEHE
T A HE EUIE Johnson Al Christy®? 52
B aE R, e 5 ey AN RS T REAN B
AR RS ey =3 =15 h AEIRIEE;
ko=w/c; c=3x10° m/s. 24 h = 10 nm A},
P (1) KEISITEIRA T SPP 2K I35 S5 45K 1
KR, IFHIE— PR T T 20805, WE 1(a)
Fiim. X 1(a) o kg 2T T BT Z B
KT, AT B R T B 1 SE R 5 R
LIRS ME 1(b) Fis.

SPP 7EAE K RE P2 A AR AT Z% ) GDD, iX
¥ T30 SPP TEAL G L 8 v bk 55 55 5 B2 A B A8 Ak

24

(b)

20

16

12 -

GVD/(fs>pm—1)

st

300 330 360 390 420 450
Frequency/THz

Bl 1 (a) SPP RN SEFRE MR M Z T A (b) AREE T SPP 7€ 10 nm 4 596 If 14 1% 1) #F 15 (il
Fig. 1. (a) Polynomial fitting of the real part of SPP wave vector versus frequency; (b) group velocity dispersion of SPP propagat-

ing on the surface of 10 nm gold film at different frequencies.
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Fig. 2. (a) Schematic diagram of the simulation setup, W = 350 nm, H = 10 nm; temporal evolution of electric field of SPP with

the propagation distances of 1 pm (b), 2 pm (c), 3 pm (d), 6 pm (e) under the excitation of femtosecond laser pulse with the nega-
tive dispersion of 0 (black), =10 (red), -20 (blue), —40 fs? (green), respectively.
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Table 1. Dispersion of the incident laser pulse and

propagation lengths of SPP.
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Fig. 3. Dispersion relationship of GVD for SPP propagating on Au film with the thicknesses of 20, 30, and 40 nm; (b) group velo-

city dispersion of SPP propagating on the surface of 20, 30, and 40 nm gold film at different frequencies.
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Fig. 4. (a) Real part of ksp versus the thickness of Au film at 375 THz (800 nm); (b) GVD versus the thickness of Au film ob-

tained from theoretical calculation (black) and simulation calculation (red).
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Fig. 5. (a) Schematic diagram of Au cylinders with the excitation of SPP; (b) near-field spectrum at the hot spots of two Au nano-
cylinders; field profiles of the two Au nano-cylinders at 315.8 THz (c) and 370.8 THz (d) of excitation frequency.
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Fig. 6. Temporal evolution of electric field at the hotspot from Al and A2 nano-cylinders excited by 0 fs? (a), 40 fs? (b), 80 fs? (c)
and —80 fs? (d) laser pulse.
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evolution of electric field at the hotspot from Al and A2 nano-cylinders when the propagation distance is 12 pm from the edge of

the groove under the excitation of the incident laser pulse with a dispersion of 0 fs?.
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Abstract

Understanding the propagation characteristics of surface plasmon polaritons (SPPs) is of great significance
in designing and constructing on-chip integrated systems utilizing plasmonic effect. Accurately characterizing
and flexibly controlling SPP on thin metal film are indispensable. Here, we theoretically derive the group
velocity dispersion of SPP propagation on the surface of Au films with various thicknesses. The results obtained
in this work indicate that when the thickness of the Au film is less than 40 nm, group velocity dispersion of
SPP decreases significantly as the film thickness increases. The decrease of group velocity dispersion becomes
mild with the thickness increasing from 40 nm to 60 nm, then the dispersion keeps a very low constant value for
the film thicker than 60 nm. Using the finite-difference time-domain method, temporal evolution of localized
electric field of SPP is numerically simulated for various propagation distances. By comparing the field
amplitudes and the dispersions of SPP which are excited by incident light pulses with different dispersions,
group velocity dispersions of SPP on the Au films are obtained, showing a good consistence with the theoretical
results. Moreover, we demonstrate that by utilizing the tailored SPP to excite metal nanoantenna, selective
excitations at different frequencies on a femtosecond temporal scale can be achieved through localized surface
plasmonic resonant effect. Manipulating the sign and amount of the dispersion from the incident pulse, the
active control of the switching sequence and switching time of electric field between the Au cylinders can be

achieved. Manipulating the propagation distance of SPP, the active control of the switching time of electric field
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between the Au cylinders can be achieved. Therefore, those results provide a promising avenue for realizing
functions such as signal propagation, reception, adjustment, and encoding in on-chip interconnect circuit
systems based on SPP. This work shows that the dispersion can be used as degree of freedom for controlling the
amplitude, phase and pulse width of SPP propagating on thin film, and it is of great importance in designing
and controlling on-chip integrated systems through utilizing plasmonic effect, such as ultrafast frequency

demodulators and nanoantennas in on-chip interconnect optical circuits.
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