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Abstract: We demonstrate liquid core waveguides defined by UV to enable selective water 
infiltration in nanoporous polymers, creating an effective refractive index shift ∆n=0.13. The 
mode confinement and propagation loss in these waveguides are presented. 
© 2010 Optical Society of America 
OCIS codes: (160.5470) Polymer; (230.7370) Waveguides  

1. Introduction 

The major highlights in new fields like Optofluidics are the ability to combine optics and fluidics in same platform, 
opening new frontiers in detection of biological molecules in aqueous solutions. For a more compact and robust 
optofluidic lab on a chip, integration of liquid and optical elements in the same system is needed.  Liquid Core 
waveguides (LCW) in optofluidics offer fully planar optofluidic lab on a chip devices. The major challenge in using 
LCW is to use a solid cladding material with refractive index below 1.33. Most extended technologies in this field 
are Teflon AF cladded LCWs, ARROW waveguides etc [1, 2]. In this work we present UV defined selective water 
infiltration in nanoporous (NP) polymers, resulting in liquid core waveguides. In addition to an all NP polymer 
LCW platform, this method provides freedom in selecting clad material since the core index is higher than index of 
water (1.33). 

 
Figure 1.Schematic illustration of working principle of Liquid Core Waveguiding in 1,2-PB nanoporous polymers (a)  polymer self assembly 
of PB-PDMS, (b)  minority block etched hydrophobic NP polymer. ( c) Selective UV exposure using a UV mask in presence of oxygen (d) 
hydrophilic polymer in the region of exposure (e) device Immersed in water (f) Exposed region is infiltrated with water  changing effective 

refractive index 

2. Concept: 

The conceptual scheme of nanoporous (NP) LCW is illustrated in Figure 1.The starting material is a self assembling 
diblock copolymer of polybutadiene (PB) and polydimethylsiloxane (PDMS) (figure 1a). After selectively etching 
the PDMS minority block, the 1, 2 polybutadiene (1, 2-PB) nanoporous polymer with 40% porosity is obtained 
(figure 1b). Photo oxidation in the presence of UV light (300-350nm) changes the surface wetting property of the 
naturally hydrophobic NP polymer. Photo-oxidation in the polymer results in hydroxyl and carboxyl groups at the 
surface of the pores, making it hydrophilic (figure 1c, d). Increase in effective refractive index (∆n=0.13) due to 
uptake of liquid at exposed regions is exploited to confine light within the liquid core (figure 1e, f) [3-5].  
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3. Results: 

A nanoporous multimode bend rectangular waveguide is defined with UV, to demonstrate the concept of LCW in 1, 
2-PB NP polymer. When immersed in DI water for 30min, the pores in the exposed regions of NP polymer is filled 
with water, changing the effective refractive index from 1.3 to 1.43. Figure 2b demonstrates guiding of light within 
the liquid core in wet /water immersed 1, 2-PB NP polymers.  

Mode Confinement in NP LCW is obtained by analyzing the intensity variation at the output of the waveguide. A 
UV mask as shown in figure 2c is used to define a waveguide with 100µm X 100µm cross section. A source of 
632.8nm is coupled into and out of the LCW using multimode fibers. The detector placed on an XYZ micro 
translation stage is translated in X and Y axis, to observe the intensity variation (figure 2d). Figure 2e clearly 
pictures the confinement of light in LCW.  

                                            

 

                                               

Figure 2. (a-b) Light bends and gets guided in a wet device, while there is no guiding in dry device  (d) Experimental setup for measuring 
waveguide light confinement and propagation loss (e) X and Y axis confinement of light (f)Loss in dB in each waveguide vs propagation length, 

a straight line  fit to the data is shown. 

Four types of losses occur in bend rectangular waveguides: input and output coupling, transition, radiation and 
propagation loss. In our work, propagation loss in 1, 2-PB multimode LCW is studied using an inbuilt cutback 
scheme. The NP polymer is UV exposed using standard UV masks (see figure 2c). Loss in each waveguide is 
plotted against propagation length (figure 2d). Normalized propagation loss is obtained by subtracting the loss of 
similarly bend waveguides by removing coupling and bend losses. The propagation loss for straight waveguides in 
our device is 1,12±0,42 dB/mm. 
 
In conclusion, we present the concept for making fully nanoporous LCWs using simple techniques like UV 
exposure. Infiltration defined index difference in these NP LCW polymers, provide freedom of clad materials. We 
have also demonstrated confinement of light in these LCWs and have analysed propagation loss. 
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