Silicon-Based Quarter Waveplates (QPWs) for Wide Range of THz Spectrum
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Critical need of reduced complexity waveplates and
phase retarders developed to manipulate the polarization
state of light is ever-increasing process in the fields of
optical imaging, spectroscopy and communication [1].
Waveplates introduce a controlled phase delay between
two orthogonal polarization components, enabling
modulation of EM wave properties. The main feature that
exhibits a phase delay between two orthogonal
polarization components in these optical devices is called
birefringence. Artificial birefringence can be created
either by producing electromagnetic structures or by
creating subwavelength gratings which makes the
material to obtain high anisotropy because of the spatial
asymmetry of structures[2][3].

In this work we developed a monolayer-dielectric-
based silicon grating waveplates for operation as quarter
waveplate (QWP) in wide frequency range from 0.3 THz
to 0.5 THz. In addition, the proposed Si waveplates
exhibits anti-reflective behavior with the inclination of
grating walls along the Transverse Electric (TE) mode by
reducing the reflection losses caused by Silicon-air

interfaces. The phase retardance of 90°1 10° between
orthogonal Transverse Magnetic (TM) and TE
polarizations within operational bandwidth of ~200 GHz
was confirmed both experimentally and numerically.
Three samples were designed and fabricated of a
subwavelength periodic silicon-air interfaces with a
period of p =100 um and the ridge height g =50, 100,
and 200um, i.e the height of grating ridge from the
groove on top of a HRFZ-Si silicon wafer with a overall
thickness of t =250 um. For data discussion, a TM (TE)
polarization was oriented perpendicularly (parallel) to
grating ridges as it is shown in Fig.1 inset. The Finite
Difference Time Domain (FDTD) simulations and THz
Time Domain spectroscopy (TDS) were used to develop
and assess the performance via analysis of waveplate
transmission and phase spectra under varying conditions.
Direct laser ablation (DLA) was employed to
fabricated the three grating samples on Si wafer having
different depth and shape of the ridges. The transmission
spectra of gratings with g= 50, 100, and 200pm were
measured by THz-TDs measurements. Phase spectra are
shown in Fig.1. Among three samples, the sample with
ridge height of 200 um showed a clear plateau region at

level of 90°+10° for a bandwidth of ~200GHz centered
at frequency of 0.4 THz. All experimental spectra were
numerically modeled to confirm QWP performance with
a good accuracy and possibility to scale grating ridges in
order to change the operation frequency in THz range.
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Fig.1. Phase spectra of fabricated Si waveplate
samples with grating ridge height of 50, 100, and 200 um.
Inset: schematic representations of waveplate along
XZ-axis with a design parameters.
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