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Selective CARS micro-spectroscopic imaging

employing dual-wavelength ultrafast nanofocused plasmon pulses
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Abstract

We demonstrate simultaneous nanofocusing of ultrafast
SPP pulses at 440 and 800 nm, which were coupled
with a common diffraction grating structure fabricated
on an aluminum (Al) tapered tip, to the tip apex with a
radius of ~35 nm. We achieved selective coherent
anti-Stokes Raman scattering (CARS) microscopy that
combined an 800 nm (w) SPP pump pulse, which

achieves selective vibrational excitation by spectral
focusing, and a 440 nm (2®) SPP probe pulse. Raman
intensity of this novel 20-CARS increased by a factor
of 3.96 at the G-band and 4.00 at the 2D-band
compared with that with @-CARS for the monolayer
graphene. The 20-CARS imaging method was applied
for imaging a multiwalled carbon nanotube at the D-,
G-, and 2D-bands. This dual-wavelength nanofocusing
will open up new nanoscale micro-spectroscopy and
optical excitation at the tip apex, such as sum frequency

mixing, two-photon excitation.
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Fig. 1. Setup for SPP nanofocusing and 2w-CARS measurement: (a) Experimental setup for the 2w-CARS

measurement. DM, dichroic mirror; G, gratings; SLM, spatial light modulator; HWP, half wave plate; OAP, off-axis

parabolic mirror; APD, avalanche photodiode; SPF, short pass filter; PMT, photomultiplier tube. Inset is the spectrum

of femtosecond laser and second harmonic generated by a Type-I BBO crystal. (b) SEM Image of an Al tapered tip

with diffraction gratings fabricated by FIB system. Inset is the cross-section of the tip. Scale bar is 5 pm.
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Fig. 2. Energy diagram for ©v-CARS and 20-CARS
processes. When the difference frequency between
pump and stokes light matches the vibration mode of
the molecule, it is resonantly excited. When o and 2
probe lights are incident within the dephaseing time,

2m- and w-CARS light is generated, respectively.
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Fig. 3. Conceptions of the spectral focusing and
20-CARS used broadband o pulse as a pump and
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selective 2w0-CARS excitation of a single Raman
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Fig. 4. The 20-CARS spectrum and Raman shift: (a)
20-CARS spectrum of monolayer graphene with
Fourier transform limited excitation at d > 1 pm (blue)
and at d < 10 nm (red) and selective excitation at 1596
cm_1 (green) and 2617 cm_1 (magenta) using
nanofocused ®- and 2w-SPP pulses and (b) v-CARS
spectrum using nanofocused ®-SPP pulse. (¢) The
20-CARS spectrum of monolayer graphene when

scanning from 1000 to 3000 cm_1 (blue) and ©w-CARS
spectrum (red).
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Fig. 5. The 20-CARS intensity of monolayer graphene

of G-band at 1596 cm |
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as a function of 2m-probe
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respectively.
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Fig. 6. Selective 2w-CARS imaging for MWCNT: (a)
MWCNT
simultaneously with 2m-CARS images. (b—d) The
20-CARS images of MWCNT for D-band at 1318 cm™!
(b), G-band at 1582 cm™' (c), and 2D-band at 2624

cm! (d). (¢) The 2D-band signal measured along the

Topography  image  of measured

line AB shown in Figure 6d together with the Gaussian
fitting curve (red). (f) Composite image of three
20-CARS images of MWCNT using 2m-CARS
spectrum from D- (red), G- (blue), and 2D- (green)
bands. Scale bar in (a) is 200 nm and image size is 1 x

1 um? (100 x 100 pixels).
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200 ms) in solutions mixed with HCI, HNO3; and H,O
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images of scale bar of 200 nm. (c) the distribution of

the radius curvature for Al probe.
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