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Upconversion is a nonlinear optical process where long wavelength exciting radiation is converted into 
shorter wavelength emitting light via a two- or multi-photon absorption mechanism, typically through the 
use of lanthanide (Ln3+) ions doped in a solid-state host.1 These nanocrystal upconvesion are widely used 
as a new category in biological and photovoltaic applications. In this study, we merge the advantages of 
two very different but remarkably sciences, i) upconversion energy transfer in nanocrystals and ii) 
nanostructured fiber optics – an unusual but promising combination which has not been studied, for 
enhancing nanocrystal upconversion luminescence and other optical properties in a unique optical 
platform. In addition, we also study the 
azimuthal mode conversion in the magnetic 
fluid-filled nanobore optical fiber (Fig. 1a). 

The specialty optical fiber we used is a 
modified version of conventional step index 
optical fiber with a central hollow core2. The 
nanocore fiber is formed by a cylindrical silica 
step-index fiber with a GeO2 doped core and a 
central nanochannel with radius ranging from 
200 nm- 550 nm. The light is guided in the 
core with total internal reflection. While the 
light is guided in the Ge-doped core, there is a 
large portion of optical energy confined in the 
nanoscale central hollow channel (Fig. 1b-d). 
Thus, a strong light-matter interaction and long 
interaction length are achieved when the 
hollow channel is filled with the targeted 
nanocrystals. The advantages of the high 
optical field confinement and the long 
interaction length offer the nanocrystal 
upconversion processes to be performed with 
ultralow detection limit and excitation power. 
We have measured the emission from a Yb/Er: 
NaYF4 nanocrystal-filled fiber and studied the 
upconversion energy transfer. 

In addition, we also studied the broadband 
azimuthal polarization conversion in a 
magnetic fluid-filled nanobore fiber. We observed high beam quality and an azimuthal conversion by 
imaging the near-field pattern of the magnetic-fluid filled fiber. We will also explore the tunability of the 
azimuthal mode via external stimuli. The excitation of the high quality azimuthal mode could allow 
vortex generation in optical fiber for laser tweezer superfocusing applications. 
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Fig.1: (a) Schematic of nanobore optical fiber for enhancement of 
nanocrystal upconversion and azimuthal mode conversion. (b) 
Scanning electron microscopy images of nanobore optical fiber. 
(c) Simulated optical field distribution and (d) cross-section 
profile of the optical field showing a strong field confinement 
inside the nano-hollow channel. (e) Measured mode pattern of the 
excited azimuthal mode in the magnetic-fluid filled nanbore fiber. 


