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Abstract: A sol-gel based imprint lithography process has been developed to fabricate guided-mode
resonance (GMR) structures. The inexpensive process offers a rapid means to create sub-micron
grating waveguide structures over large surface areas. Both one-dimensional and two-dimensional
GMR devices have been successfully fabricated and characterized.

1. Introduction

Guided mode resonance (GMR) structures consisting of sub-wavelength gratings exhibit narrowband optical
resonances in a broad range of optical spectrum [1]. Undergone rapid technical developments, GMR-based devices
have been found useful for widespread applications [2, 3]. The existing methods to fabricate a sub-micron GMR
structure include e-beam lithography, interference lithography, and nanoreplica molding. These methods require
additional processes following the lithography, such as a dry etching or a thin film coating. The sol-gel method is
known for producing solid metal oxides from liquid precursors and it has been used to fabricate nanoscale features
[4]. This paper demonstrates a sol-gel imprint lithography method for the fabrication of 1D and 2D GMR structures.
Here, the sol-gel TiO, material was chosen due to its relatively high refractive index. The sol-gel based approach
offers several advantages, including: simplicity, low cost, tuning of resonance, and the potential to incorporate
optically active dopants in the GMR waveguide.

2. Sol-gel based fabrication process
The sol-gel imprint process starts with preparing the TiO, sol-gel solution following the procedure shown in [5].
Tetrabutylorthotitanate (TBT) and ethanolamine (ETA) were dissolved in ethanol (EtOH) and stirred for two hours.
Deionized water (H,0O) and ethanol were subsequently added into the mixture and the alkoxide solution was
hydrolyzed at room temperature. The amount of each chemical in the solution was TBT:ETA:EtOH:H,0 =
1.2:2:32:1.3 in molar ratio. As shown in Fig. 1(a) - (c), the sol-gel solution was spun onto the polydimethylsiloxane
(PDMS) mold, which was replicated from the silicon template with the desired grating structure. Next, the sol-gel
coated PDMS mold was pressed against a glass coverslip and baked at 200 °C under a pressure of 50 kPa. After
baking, the PDMS mold was peeled away and the sol-gel GMR structure preferentially remained on the coverslip.
The scanning electron microscope (SEM) images in Fig. 2 (a) - (c) show the fabricated 1D and 2D GMR
structures. The grating period (4), depth (d,,), and waveguide layer thickness (4,) of the 1D GMR structure are 400
nm, 80 nm, and 130 nm, respectively. The 2D GMR structure has a period of 500 nm and a depth of 150 nm. Fig. 2
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Figure 1. Process flow diagram for the sol-gel GMR structure. Figure 2. SEM images of the 1D GMR (a) top view
Schematic diagram of the 1D GMR shown in (f), where 4, and d,, and (b) cross sectional view. (¢) SEM of the 2D
represent the thickness and depth of the grating waveguide. The #,,, GMR structure. (d) Photograph of the 1D GMR.
Rgps A0 g, are the refractive indexes of sol-gel material, superstrate, (Scale bar: 1 um).

and substrate, respectively.
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3. Results and discussion

The fabricated GMR devices were characterized by measuring their far-field reflection spectra. The reflection
spectra were obtained from the devices under the normal incidence of white light. For the 1D GMR device, both TE-
polarized (electric field is parallel to the grating) and TM-polarized (electric field is perpendicular to the grating)
modes were measured. The measured reflection spectra for the 1D and 2D GMR devices are shown and compared
with simulation results obtained using rigorous coupled wave analysis in Fig. 3.

100 T T T —T— 100; v T 7 o 100 T T = —T—

i - =~ Simulation i Simulation ol v B~ Simulation |
= 90 — Experiment Q 90 h — Experiment S 90 : — Experiment
< 80f 1 <80 ' £ 80 : 1
£ 70} 2 70f : 5 70 :
= 3] M ] "

3 60 2 60 " S 60 nll
T 5 2 L I 4 ul!
2 50 & 50 5 50 :
B 40f 2 40 b N a0f :
N o= [ o = y
= 30[ g 30[..0.___._ E30f !
E L E 5ot S Al '
5 20 S 20 Z 20
Z 10t 10f ) 10 T
0 A PRV R S04 Y = 0 . L ey 0 : A Y "
500 550 600 650 700 750 500 550 600 650 700 750 725 750 775 800 825 850
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(a) (b) (c)

Figure 3. Simulated and measured reflection spectra from the 1D GMR device for a TE-polarized (a) and a TM-polarized (b)
white light. (c) Simulated and measured reflection spectra from the 2D GMR device.

An interesting feature of the sol-gel GMR device is its tunability. During the fabrication, varying the spin speed
resulted in different waveguide layer thicknesses. Fig. 4 (a) shows the change of resonant wavelength in a range of
30 nm by increasing the 4,,. The resonant wavelength of a sol-gel 1D GMR device can also be tuned by changing the
superstrate material (7,,,) as shown in Fig. 4 (b). As a refractometric sensor, the fabricated GMR device exhibits a
bulk index sensitivity of S, = AMAn ~ 50 nm/RIU. We also used the 1D GMR device to monitor the deposition of a
monolayer of polypeptide (poly (Lys, Phe)) in real time. Fig. 4 (c) shows the time evolution of the resonant
wavelength during the polypeptide deposition.
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Figure 4. (a) Reflection spectra of 1D GMR devices with the waveguide layer thicknesses of 130, 170, and 200 nm, respectively.
(b) Reflection spectra of a 1D GMR device immersed in different superstrate materials (air, methanol, water, acetone, and DMSO
with refractive index of 1.0, 1.327, 1.333, 1.359, and 1.359, respectively. (c) The temporal shift of the resonant wavelength
during the deposition of poly (Lys, Phe).
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