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ABSTRACT

The evanescent coupling effect between two nanoflopdic waveguides is demonstrated and studiece Th
nano-optofluidic waveguides can be easily conttodled tuned by changing the flow rates of the flaw streams
such that a nano-gap as small as 50 nm can bg easieved. The evanescent coupling patterns udifferent
conditions are analyzed to determine the nano-gap the refractive index contrast of the nano-opidft
waveguides. Novel and tunable photonic devicesbearasily designed and realized by using the natafiaidic
platform for biomolecular detection and manipulatapplications.
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INTRODUCTION

Optofluidics can provide new solutions and oppadties for a wide range of traditional micro-opticaimponents
and devices by tuning, reconfiguring, and manipagasmall amount of fluids (I&to 108 liters). To be specific,
with the development of various optofluidic compotseranging from microlens [1] and gratings [2ptisms [3] and
waveguides, the hindrance imposed by solid coneeratioptical components can be easily solved. Rexggnfluidic
research is focused on the study of light maniputaand the realization of novel photonic charastes, e.g. an
optofluidic waveguide as a transformation opticsick, which leads to the first observation of ckilpgfocusing of
light and interference in an optofluidic waveguugiederpinned by a unique bi-directional GRIN profitea flow
channel [4].

Previously, we have demonstrated the coupling pimemon between two tunable nano-optofluidic wavegsid
[5]. In this paper, we further demonstrate hownheo-gap and the refractive index contrast of tn@oroptofluidic
waveguides can be measured with super-resolutinanometer by analyzing its resulted evanescemtlicmLpattern.
The nano-optofluidic waveguides can be used fombiecular manipulation and detection in near future

THEORETICAL ANALYSISAND SIMULATION RESULTS

Figure 1 illustrates the design of the two nanapidic waveguides system, which consists of fibanw streams.
Each optofluidic waveguide is realized by using fleav streams via Dean’s flow in a curved microcheln With the
sufficient flow rates (or Péclet number), the inguid (red) can be encapsulated by the outeidigblack). As the
two curved microchannels are joined into a straigitrochannel downstream, two parallel circular fled streams
with a gap in between are realized. When the réfaindex of the red liquid is higher than thatloé black liquid, a
pair of 3D optical waveguides is formed, such tihat gap can be varied by tuning the flow ratesheffour flow
streams. When the gap is sufficiently small («nd), the light injected in one optofluidic waveguidgthe input fiber
can be coupled into the other optofluidic waveguide
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Figure 1: Schematics of the two nano-optofluidicveguides system tuning by tfigidic flow rates via Dean
flow.
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Figure 2: Coupling patterns of the two nano-opidittwaveguides under different conditions: ¢aupling gap of
um, (b) coupling gap of 200 nm, (c) asymmetrical eaguides with the core refractive index contrashiof= 0.00:

andAn = 0.002, respectively, and (d) symmetrical wavdgsiwith non-circular crossectional profile (a triangul
shape profile).

Figure 3: (a) Confocal image which shows the foromabf the 3D nano-optofluidic waveguides. Thaing of th
nano-gap between the two optofluidic waveguidedifdrent flow rate conditionsQore: Qeag (B) 70 : 704(c) 53
107 and (d) 45 : 135. Unit jg./min. The measured gaps are (b) 200 nm, (c) 80@man(d) 1.4um, respectively.

Figure 2 shows the coupling patterns under diffenditions. When the gap between the two optditui
waveguide is decreased fronufn to 200 nm, the coupling length is reduced frofr@m to 5.5 mm as shown in Fig.
2(a) and (b). For symmetrical optofluidic wavegyitiee coupling pattern is identical between the typbofluidic
waveguides. On the contrary, for asymmetrical waids i.e. the core liquids of the two optofluigiaveguides have
different contrast (0.001 & 0.002), the couplindgtem is significantly different as shown in Figc® For optofluidic
waveguide, a triangular cross-sectional fluidicfiieas achieved. The coupling pattern of such pea$ shown in Fig.
2(d), which is significantly different from the cirlar one.

EXPERIMENT RESULTSAND DISCUSSIONS

Figure 3 is the confocal images, which show thénmiof the optofluidic waveguides by varying thewl rate of
each flow streams. Fig. 3(a) shows the formatiotheftwo optofluidic waveguides after the liquicfile of the flow
streams are reshaped by Dean'’s flow. When theflowestreams and the cladding flow streams havengesflow rate
of 70puL/min (1 : 1), a measured 2Q0n gap is achieved as shown in Fig. 3(b). The csessional image shows that
the waveguide has a triangular shape. When therfitee of the core and cladding flow streams aamgéd to 53 and
107 pL/min (1 : 2), respectively, the gap is reduce®®® nm as shown in Fig. 3(c). The cross-sectiored af the
waveguide is reduced at the same time. Subsequestiin the flow rates of two flow streams are cleahip 45 and
135uL/min (1 : 3), the gap is further reduced to apjrately 200 nm as shown in Fig. 3(d).

Figure 4(a-c) shows the coupling patterns of tliegHlow conditions as illustrated in Fig. 3(b-@he coupling
length is increased when the gap between the opdafl waveguides is increased, as predicted insthmilation
results. Fig. 4(d) shows the comparison betweesithalation and experimental results when the ftate condition
of the core and cladding flow streams are fixeB3aand 104iL/min, respectively. Both results agree well widtk
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Figure 4: Fluorescent image which shows the cogpfiatterns of the 3D naraptofluidic waveguides when t
flow rate condition Qcore: Qciad) IS (a) 70 : 70, (b) 53 : 107 and (c) 45 : 18.Comparison between the stimula
and experimental results under the flow rate camdivf 53: 107. Unit igtL/min.

other.

CONCLUSIONS

In conclusion, a 3D optofluidic nano-waveguide dmgp system is designed, demonstrated and studibd.
nano-optofluidic waveguide is realized by using Dedlow and can be easily controlled and tunedbhgnging the
flow rates of the four flow streams. The evanes@nipling patterns under different conditions dreotetically
simulated and experimentally analyzed to deterntine nano-gap and the refractive index contrast haf t
nano-optofluidic waveguides. With in-depth undengiag on the photonic coupling in the nano-wavegggstem,
novel and tunable photonic devices can be eass#iigded and realized for biomolecular detection myachipulation
applications.
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