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Abstract: We demonstrate fabrication of tunable flexible refractive Fresnel liquid-crystal lens 
using PET for Smart Contact Lens System. We show focus tunability of 1.9D at 1.1VRMS using 
voltage and pulse width modulation lens tuning techniques. 

1. Introduction

With progressing age, the biomechanical properties of the crystalline lens within the eye change, which cause the 
lens to lose its elasticity. This causes the eye to lose its accommodative abilities and results in a refractive error 
called presbyopia, which currently afflicts 2.1 billion people worldwide [1]. Traditional methods of vision 
correction, like multifocal/ progressive eyeglasses and contact lenses only provide a fixed offset, but do not 
reintroduce accommodation within the human eye. Therefore, tunable-focus liquid-crystal contact lenses are being 
considered as a solution for the correction of presbyopia. We chose a Fresnel based geometry for our tunable-focus 
liquid-crystal lens in order to reduce the thickness of the lens, as the liquid crystal is a scattering medium [2]. Such 
innovative lens provides similar optical properties as a conventional solid lens yet, offers a much thinner alternative. 
This lens is meant to be controlled with a low-power, 1.8V control electronics, integrated within a Smart 
Autofocusing Contact Lens System alongside other sub-systems such as low-power oculometers, and innovative 
power scavenging technologies, connected with flexible wires and mounted on a flexible substrate with soft, flex 
packaging [3]–[7]. It is crucially important for the tunable-focus liquid-crystal lens to be flexible to some degree for 
seamless integration with the flexible Kapton substrate.  

2. Fabrication

Here we report the fabrication of a flexible refractive Fresnel liquid lens chamber filled with 5CB liquid crystal. The 
aperture of the lens system is 5 mm and comprises of ~25 µm grove thickness. We used PET film sourced from 
Toyobo (Cosmoshine A4100) as a substrate and used the PET substrate as a rigid frame to make a reverse mold 
using PDMS. The Fresnel mold was coated with a thin layer of Fluoropel 800 to facilitate easy release of the cured 
reverse mold. The other side of the lens cavity is fabricated by coating a thin layer of polyimide (PI2555) on the 
PET film. We make two holes on the polyimide coated PET substrate for filling the lens cavity with liquid crystal. 
Both the PDMS reverse mold and the PI coated substrate is buffed using a rayon cloth and sealed using a ~3.5 µm 
double sided tape (Nitto Denko NO. 5600).  

Fig 1: Schematic of the fabrication steps. 

We also fabricate a Twisted Nematic Cell (TNC) to change the polarization of the incoming light. The TNC is 
comprised of two thin ITO coated glass substrates, that are then coated with polyimide (PI2555). We make two 
holes using laser to make an inlet for liquid crystal to be filled using capillary forces under vacuum. The PI coated 
glasses are buffed in a particular direction using a rayon cloth, arranged orthogonally, and sealed using double sided 
Nitto tape. Both the lens and the TNC are then vacuum filled with 5CB liquid crystal. Figure (1) shows the 
schematic of the fabrication steps of the lens and TNC [2]. 
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3. Results and Conclusion

(b)
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Fig 2 (a) Schematic of Shack Hartmann wavefront test setup, (b) Image taken through flexible RFLC lens, (c) 
Voltage vs Optical power of RFLC lens, (d) Duty cycle vs Optical power of RFLC lens.   

Figure (2a) shows the Shack Hartmann wavefront sensor setup. Figure (2c,d) shows the optical tunability with 
respect to the voltage and pulse width modulation techniques. Figure (2b) shows the image taken through the lens, 
using a commercial DSLR camera (Canon 1200D). As shown in the plot, the maximum change in optical power 
observed in 1.9D by using only 1.1 VRMS across the TNC, hence making this lens compatible with low voltage, low 
power 1.8 V control electronics in the smart contact lens system.  
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