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Anchoring study between subwavelength gold grating and liquid
crystal interface
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Abstract: To address the issues of abnormal liquid crystal alignment and efficiency loss induced by direct
immersion of subwavelength gold gratings in liquid crystal, we propose a novel anchoring scheme using
polymethyl methacrylate (PMMA) as the photoresist for gold grating patterning, the trench-filling

material, and the alignment layer for the upper substrate of the liquid crystal cell. This design simplifies
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the fabrication process, realizes uniform liquid crystal alignment, and avoids the liquid crystal infiltration
problem. To reveal the anchoring behavior of subwavelength gold gratings in direct contact with liquid
crystal and clarify the performance limitations of the direct infiltration scheme, we first fabricated two
groups of liquid crystal cells and experimentally investigated the molecular alignment via cross-polarized
optical microscopy. Two groups of liquid crystal cells are fabricated, with the alignment direction of the
bottom substrate under the gold grating was set parallel and perpendicular to the grating lines,
respectively. Note that liquid crystal molecules align along the grating lines on the subwavelength gold
grating samples, which induces a twisted molecular configuration in the samples. Such an alignment is not
the preferred parallel anchoring mode for classic phase modulator technologies. Furthermore, its
orientation is orthogonal to the polarization direction of surface plasmon polaritons (SPPs) excited by the
gold grating resonance, so the grating resonance cannot be effectively tuned by the variation of liquid
crystal refractive index to achieve dynamic tuning. Based on the interfacial alignment characteristics
observed in the above experiments, TechWiz 3D software is further used to simulate the changes in the
liquid crystal director on the lower surface of the gold grating under power conditions for two schemes:
filling the gold grating groove with PMMA and liquid crystal. , and the corresponding effective refractive
index variation of liquid crystal at the grating lower surface is obtained. The derived effective refractive
index data are then imported into FDTD Solutions software to compare the reflection phase modulation
and reflectivity characteristics between two schemes: gold grating trenches filled with PMMA and filled
with liquid crystal. Simulations demonstrate that compared with the liquid crystal filling scheme, the
PMMA filling scheme achieves a more complete O~ 2x phase modulation range and superior reflectivity
performance. This work demonstrates that the PMMA planarization layer is a promising technical solution
for liquid-crystal-tunable optical metasurface devices.

Key words: subwavelength gold gratings; phase modulation; liquid crystal cell anchoring; effective

refractive index of liquid crystal; PMMA planarization layer
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Fig.2 Schematic diagram of the alignment of liquid crystal

molecules along the grating grooves
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Fig. 3 Schematic diagram of three types of liquid crystal
molecular alignment under different applied voltag-
es. (a) Low driving voltage; (b) Medium driving
voltage; (¢) High driving voltage.
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(a) Top view; (b) front view.
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Orthogonal polarizing microscope observation image. (a) O'orientation when parallel to the gold grating lines; (b)

45%rientation when parallel to the gold grating lines; (¢) 90orientation when parallel to the gold grating lines; (d)

O'orientation when perpendicular to the gold grating lines; (e) 450orientation when perpendicular to the gold grating

lines; (f) 90°orientation when perpendicular to the gold grating line.
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Fig.7 Liquid crystal director distribution on the lower surface of the gold grating with different filling media. (a) The volt-
age is 0 V; (b) The voltage is 1. 5V; (c) The voltage is 5 V; (d) The voltage is 0 V; (e) The voltage is 1. 5 V;

(f) The voltage is 4.5 V.
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Tab.1 Structure parameterization

Structure parameter PMMA value/nm LC value/nm

ITO thick (m) 15 15
Au thick (/) 120 120
LC thick (2) 700 700
Al thick (g) 50 50

PMMA thick (n) 20 /
Grating period (Pg) 250 250
Grating slit (a) 190 190
Pixel unit 1000 1000
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Tab.2 FDTD simulation parameterization

Simulation parameter Parameter value

Mesh size/nm 4
Background material Si0O,

PML layer 12
0.0106139(default)
x min be: Periodic
y min bc: PML
y max bc: PML

Time step/fs
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Fig.8 Reflection phases when the filling medium is different. (a) Reflection phase when the filling medium is PMMA

and 1 = 448. 75nm; (b) Reflection phase when the filling medium is liquid crystal and A = 486. 25 nm.
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Fig.9 Reflection efficiency when the filling medium is different. (a) Reflection efficiency when the filling medium is PM-

MA and A= 448. 75nm; (b) Reflection efficiency when the filling medium is liquid crystal and A = 486. 25 nm.
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