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Control of grating-coupled ultrafast surface plasmon pulse

and its nonlinear emission by shaping femtosecond laser pulse
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Abstract

We demonstrate a new nanometer-scale light
source. It is based on the grating-coupled
excitation of surface plasmon polariton (SPP) on
the shaft of a sharp conical gold taper with a tip
radius of few tens of nanometers. Spatiotemporal
nanofocusing of SPP excited by femtosecond
tapered tip 1is

laser pulses on a gold

deterministically controlled.

1. IXC®IT

IR ORI TEAN DI RIZEY, 7+ b=y 7
EHRE BB NREET 7Y r—y a i EOFEE
MARE L 720, SEDEHFIR LD /NS WEERTO
OB FNBHEELE SILTWND, £ 5V o 7o EK
IS Z2 D T2, HEROKD BT IR &8 2 7= DA
CIADNEETH D LA Sh, 7/ ZZMIcBT 5
WENTERFICHFTE STV D, Z OFFIFEIR~D
DOHACIADEZEBTLFEL L TEREIR TV
O, RETT7AE-KR7) o (SPPTH D,
SPP ki, &BEmICHITLEMIE L AHETO
LM RIRB NS LT — R TH D1, SPP ©
£ O I A IE T DI, TR & % 7
Z2[#] 53 R RE 2 b DT HE S A A R BAAN BT (NSOM) 73
Honbitsd, NSOM OA VI Rx—Tay - aby
va B RO, IS ORI &R H O 5 A

TE LM, K& LThhE R & AR F—RTL
DMTRIRNE WO IR B 5, Z OFEZ ET 5
eIz, F 7 A— X ThhiEE LMt & Bl &« D RTIT 2
HNSOM O X T N7 7 A N—=T m—T{ERERS
NTW5, ZOJEEZHWT SPP OT#HH O
WEIESNTHBI2l, L, NSOM DA /b3 %
— 3 U NI K Db i, 22 fReeIEm v
DA THY, 7 7 A NN BN R T
EEMER DD E WO RN EL D, 2D,
SPP # ) /NS5 Z LIC kA BEE, &
E, MR A IR COREIRAEZER I N TV 5
[38l, Z3FEBUL, -/ HEETORZER P72 R
T AERLNCTHI LI DN D, 6T,
S CIIEHE L7- SPP /L AT X D 2 Uk iE T 5%
ERFRE L 720, IFROG (&2 &K 5 SPP /XL 2D
RERARIERIE SRS ST b 4], Frxix, 7=
AN L—F RV ARBRICE > TET— T v 7
IZHEE L7z SPP 25 L 2D F 2 6 R ME 430 i
L, sz 1 SONERBCERBLTE 2 LIUE
L, it L—H OV R DI L 5 F 7 58X
IV A DY E IR B S 21T > 72, £z, T
AT HE T RE R SH), IEREA FWM) O
FERIE L Ol & [RERI AT - 72,

2. EBrEvy TS
Fig. 1 |2 W5 B BAASEE S HRIVE 2 N 7 A ALFE BA G



WOEE Y T v 7 ERd, B ERE, i
MOKH L2 R AF L2 X9 bk (< 20,

NA=0.35, {EB)EEf#=20.5 mm) & R HEIOxH L
A(X40, NA=0.55, {F#HFEHE=7.5 mm)% 90° @
(LA RAFRIC U CHREREFRHI 21T > T\ 5, SR,
J1— L > X% — K[A# Ti:Sapphire 7 = & NfbL—
¥ “VENTEON” ZAlifH L7z, A7 hL#i

600-1000 nm, 7~/ AME<8 fs, # 0 & LJE K 150
MHz T, F¥)3U—%150~180 mW TH 5, X
FHERL L 7247 — 3T v 7, SO AEN 15°
H R4 ~20nm TH Y, FH 1730 nm, HE 860
nm, FES 200 nm OIEN 8 AL FNTW5, bt
S, Bragg [EIT S %Y 7= A4 FE ClRIFTHE IR
WLz, NRHAEEZEZDHZ L TSPPHAEES
ZEbTx %, Fig. 1 OfEFEEEHIOE Y v T v 7
WCRENDH LIS, 7o ML —P L 2% —
LAFY o Z—(BS)T 2 OD, YL AITHITT, —F
D7V ATEE E L THWY, 4f R axidE->TC
NHATa—712 30° O NG THRET L T
HOBELEE X L v X% VT CCD I AST &+
7=o BHEESD AR > A X3 10 pm Th 5,
b —H O VLA, BRI E U CRIEREH % D

TCCDIZE#HAST 2 Z & TR T EET,

FEtZRtOENE DL, CCD U AT %A
RNOT TA A AT o T, BIERH 2 &R S
LT U RERMAAMBEREEE RO T,
BIERFT Y = — & &2 VT iRREDNK) 0.125
fs OIEFEREH] 72 % D1 T 5, CCD IX@EKH A 5.7
mm X 4.3 mm T 650 X480pixel TH Y, 1 A—

Sy EREIL 1pixel TKI 1 nm OOfiREEZE O,

) |
|
grating 1 grating |
U
SLM
BS
VENTEON e —

ND filter HWp %20
objective
lens @)
1

ND filter

delay I‘

Fig. 1 Experimental setup of cross-correlation

dark-field image measurement.
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Fig. 2 Experimental setup of single photon counting

measurement.
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Fig. 3 Spectral shift and broadening of the SPP spectrum

at various incident angles.
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Fig. 4 Measured Plasmon response function.
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Fig. 5 Measured SPP pulse excited by FTL laser pulse.
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Fig. 6 Measured SPP pulse excited by the femtosecond

laser pulse to generate a FTL SPP pulse at the tip end.
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Fig. 7 Control of SH spectrum at the apex by 34 —order

dispersion.
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Fig. 8 Intensity dependence of the apex emitted
light on incident light.
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Fig. 9 Time-spectral distribution of excitation pulse for

FWM.
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Fig. 10 Experimental result of FWM.
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Fig. 11 Intensity dependence of signal light on incident
light.
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