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Abstract Nonlinear optical effects, including second- and third-harmonic genera-
tion, and multi-photon luminescence, are found to be excited much more efficiently
via evanescent wave coupling. Taking this advantage, we establish a microfiber-
based compact device to extract the magnitude and phase information of ultrafast
pulse laser. The sensitivity of this configuration can be down to femto-joule level.

1 Introduction

Semiconductor nanowaveguides (NWs), such as ZnO nanowires [1], CdSe nanobelts
[2], and GaSe [3] nanoribbons, have drawn a widespread attention as nonlinear
optical (NLO)media. The large refractive index and scale effect offer them the ability
to strongly confine the light within a sub-micron scale. Recently, the evanescent
wave coupling (EWC) technique is emerging as an efficient method for NLO optical
excitation [4, 5]. We here demonstrate enhanced efficiencies for second-harmonic
and third-harmonic generation (SHG/THG) and multi-photon luminescence (MPL)
via this waveguide excitation. Particularly, second-order stronger MPL in intensity
can be obtained from a single CdSe nanowaveguide, in contrast to that generated by
free-space excitation, which can be hardly seen under the same excitation power.

2 Materials and Experimental Setup

TheNWsused herewere all synthesized via vapor-liquid-solid processes. The optical
image and scanning electron microscopy show the nanostructures with smooth
surface and good uniformity along the longitudinal direction. EWC technique is
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Fig. 1 High-efficient generation of SHG, THG, and MPL via evanescent wave coupling

sketched in Fig. 1a. Briefly, individual NW was picked up and placed on the edge of
a MgF2 substrate, protruding out for tens of micrometers. A microfiber tapered from
a standard optical fiber (SMF-28, Corning) was attached to the NW firmly via Van
derWaals and electrostatic attractions, as shown in Fig. 1b. In this way, the excitation
laser can be coupled from optical fiber into the NW with up to 90% efficiency. For
comparison, a spatial light excitation regime is also implemented by focusing the
laser on to the suspended NW through a 50× objective lens, which also worked for
epi-detection in both excitation regimes.

3 Results and Discussion

We compared the NLO response of the two excitation regime, and the spectra results
under the same input power are presented in Fig. 1d. It is obvious that the intensities
of all three NLO effects are stronger under the EWC excitation. Specifically, the
MPL from an individual NWwas hardly observed under spatially focused excitation
regime, while under EWC excitation, theMPL emission showed a bright and distinct
pattern, as shown in Fig. 1c.

The enhancements of NLO effects can be attributed to two reasons. On one aspect,
after coupled into a NW, the light is confined in a scale beyond the diffraction
limit, leading to a much higher energy density within the nanostructure. On the
other, the light–material interaction distance is largely augmented as the light guiding
along the NW. Both aspects will benefit the generation of NLO effects. Provided the
high signal-to-noise ratio by waveguide excitation, we thus observe a fourth-order
excitation power dependence of three-photon luminescence, and we attribute it to
surface defect mechanism based on the recombination of free carriers [2].

Taking the advantage of the high efficiency in NLO generation, we further devel-
oped a configuration by coupling pulsed laser from both ends of a NW simultane-
ously, so that a SHG-based frequency-resolved optical gating method for ultrafast
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Fig. 2 Pulse measurement and retrieval results of 810 nm pulses by microfiber-nanowaveguide
configuration

pulsemeasurement can be practiced in this compact device. The phase and amplitude
of a pulse series are extracted as shown in Fig. 2, and the sensitivity can reach down to
femto-joule [1, 3]. This microfiber-NW geometry is compatible with standard fiber
system and may promote the functionalization of nonlinear optical circuits in the
future.
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