
 

 In this study, we show that localized ultrafast plasmonic 
field of nano structure can be spectrally or spatially 
manipulated under excitation of few cycle pulse. By 
controlling geometrical parameters of nanostructure, 
plasmonic response can be actively tailored.  

I.  INTRODUCTION  

Plasmonic nanostructures are versatile tools for 
coherently manipulating light on the nanoscale.1,2 One of 
major role of plasmonic nanoantenna is that weak 
nonlinear light emission can be enhanced on a 
subwavelength scale by taking advantage of high field 
confinement of selectively coupled resonant plasmonic 
modes with laser.3 Therefore, estimation of optical 
responses of such nanoantenna is important for utilizing it 
as optical tools. Here, we show that localized ultrafast 
plasmonic field of nanostructure is active-controlled by 
using few cycle pulse. By simply tuning geometrical 
parameters of nanostructure, the resultant near field pulse 
has either different frequency components or switchable 
characteristics, enabling lightwave controlled ultrafast 
nanodevices. This intriguing phenomena is attainable 
through excitation of few cycle pulse having broad 
spectrum. This can be exploited to various nonlinear 
experiments such as frequency tunable nonlinear optical 
devices at nanoscale without optical paramatic oscillator.    

 

II.  TECHNICAL WORK PREPARATION 

In this study, we investigated two different types of 
active plasmonic field control. The first suggested 
structure is bowtie like nano antenna to manipulate the 
spectral characteristics of local near-field. As illustrated 
in Fig.1, the bow-tie like nanoantenna is characterized by 
four geometrical parameters, the thickness (t), bottom 
length (b), gap (d) and height (h) of antenna. The radius 
of curvature (ROC) of 10 nm at the tip was considered for 
all geometry. These parameters are selected so as to 
determine the resulting field enhancement. 
Electromagnetic field around the nano antenna is 
numerically calculated by using the finite-difference 
time-domain(FDTD) method. The commercial FDTD 
software(Lumerical FDTD solution) is used in this 
calculation method. The polarization direction of the 
incident femtosecond pulse is positioned parallel to the 
height direction as denoted in Fig. 1. The spectral 
bandwidth of incident pulse is pre-defined by selecting 
pulse width of it and carrier wavelength is always set as 

800 nm in wavelength. The nano antenna is consist of 
gold having wavelength-dependent dielectric constant, 
referred in Palik data. 

Through iterative FDTD calculation, we found that 
height was most sensitive parameters for determining 
effective center wavelength shift. The graph in Fig. 1 
shows height dependent spectral shift of local field under 
different optical pulse excitation of 5 fs, 10 fs and 30 fs. 
In case of 30 fs pulse excitation having FWHM spectral 
bandwidth of 30 nm, no significant shift of center 
wavelength was observed even height of nano antenna is 
tuned from 60 nm to 450 nm. On the contrary, significant 
oscillation of center wavelength shift is observed for 5 fs 
pulse, meaning that antenna geometries affect not only 
the magnitude of field enhancement but also spectral 
distribution of plasmonic field at broadband excitation. 
At around h=90nm, the resonant spectrum is blue-shifted 
at maximum up to 724nm. For h>90nm, there is a linear 
decrement of the wavelength shift to the red-shift end to 
h<210nm. Finally, the spectrum is red-shifted up to 
~950nm.  For h>210nm, the resonance wavelength 
gradually decreases again which shows a continuous 
variation from red-shifted region to blue-shifted one and 
vice-versa. When, bowtie height exceed at around 300 
nm, two distinct peaks starts to be appeared in spectral 
domain and the separation of two peaks are wider as bow 
tie height is increased. This finding implies that the 
localized nano plasmonic field can be actively controlled 
by only changing spectral bandwidth of incoming pulse 
without modification of nano antenna structure.  
 

 
Fig. 1.  Geometrical parameters of bowtie nanoantenna(left) and 
spectral shift of near field by the variation of bowtie height(right). 5 fs, 
10 fs, 30 fs pulse is used in this calculation 

 

The second control scheme is spatial control of 
nanoplasmonic field by the control of light polarization. 
For that, nano-sized gold concentric rings have been 
investigated. By using FDTD calculation, numerical 
studies for the spatial optimization of concentric rings 
have been done not only to find the plasmonic resonance 
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conditions, but also to study the induced ultrafast 
magnetic field. Each ring structure has open gap to be 
plasmonically coupled with incident light. The direction 
of gap determines acceptance of only one polarized light 
status. As a result, the outer ring of double ring structure 
doesn’t react on horizontally polarized light field directly. 
However, strong field enhancement is observed in the 
outer ring due to the magnetic field induced by plasmonic 
oscillation in inner ring because the induced magnetic 
field modulates the charge oscillation in outer ring 
structure. Therefore, the magnitude and time response of 
local field at outer ring can be controlled by the 
resonance condition of inner ring. Fig. 2 shows FDTD 
calculation of concentric double ring structure by 
illuminating 10 fs pulse having center wavelength of 800 
nm. The localized field at the gap of outer ring has time 
delayed response to the field of inner ring, meaning that 
field at outer ring is induced by the plasmonic field of 
inner ring structure. By researching the time-resolved 
spectrum, it can be seen whether electro-magnetic 
coupling between the two rings occurs or not.  

 
Fig. 2.  Schematic of concentric double ring structure. The polarization 
direction is denoted as red arrow. (left) and calculated local field at the 

gap of inner and outer ring. (right) 
 

III.  CONCLUSIONS  

To summarize our findings, it is claimed that variation 
in the geometrical dimension of nano-structures offers an 
active control over the nonlinear behaviors that are 
considerably different than the bulk. Nonlinear Bow-tie 
antenna converts the frequency (wavelength) of the 
incident radiation, thus shifting the frequency of a signal 
centered at ω1 (λ1) by an amount Δω (Δλ) into a new 
frequency band centered at ω2 (λ2). It essentially 
emphasizes that bow-tie dimensions can be engineered to 
meet the requirement of resonance according to the 
source characteristics and vice versa. The increase in the 
bandwidth of the output spectrum and the rise of double 
resonance phenomena may help the community to 
explore more optical engineering of the nano-antenna. In 
addition to that, the plasmonic double ring structure is 
coupled by ultrafast magnetic field to tailor field 
characteristics indirectly. By changing polarization 
direction, different type and response of nano plasmonic 
field can be generated without nanostructure change. 
These efforts can be applicable various kinds of 
nanophotonic experiments that requires tunable lightwave 
field without change of nanostructure geometries.   
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