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Demonstration of edge transmission path switching by heater-loaded topological interference devices
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Fig. 2 Scanning electron microscope image of the topological
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Fig. 3 Infrared camera image of the device when current is
injected into the heater. (a)10mW (b) 38mW.
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Demonstration of highly-efficient topological vertical coupler
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Fig. 1. (a) Optical microscope image of topological vertical coupler with defect
structure. (b) Scanning electron microscope image of the area circled by the

yellow dotted line in Fig. 1(a).
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Fig. 2. Wavelength dependence of coupling efficiency
with/without defect.

Fig. 3. Propagation characteristics of topological waveguide with defect
structure when different circularly polarized light (LCP or RCP) is incident.
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Slow-light modes with a large mode area in a valley photonic crystal waveguide
with photonic graphene as the core region
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Photonic crystal (PhC)-based slow-light waveguides have been realized in various design configurations,
including W1 waveguide [1] and valley photonic crystal (VPhC) waveguide [2]. The slow light modes in
these waveguides are highly localized along the interface, which would restrict energy transport capacity. In
a recently proposed photonic valley-locked waveguide (PVLW), topological guided modes can distribute
broadly over a photonic graphene layer inserted between two VPhCs as the core region [3,4]. In this report,
we demonstrate that such a PVLW can support topological slow-light modes when a slight structural
modulation is introduced.

Fig. 1(a) presents the schematic of the PVLW investigated here. A graphene-like PhC layer, PhC C, is
sandwiched by two topologically distinct VPhC A and B. The projected band structures of TE modes in
PVLW with layer distances d = 1.4a (without modification) and d = 1.15a are respectively plotted in
Fig. 1(b) and (c). The dispersion curve of the topologically guided mode (colored in red) at around k = 0.33
(corresponding to bulk K point) becomes flatter for d = 1.15a. Fig. 1 (d) shows the out-of-plane magnetic
field intensity distribution of the slow light mode at f = 0.252. The field distributes almost across the
entirety of the graphene-like PhC layer, verifying that a single-mode slow-light mode with a large mode width
is supported in the modulated PVLW. No such single-mode slow-light state is found when the PhC C is

replaced with a uniform material, indicating the importance of the graphene-like structure.
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Fig. 1 (a) Schematic of photonic valley-locked waveguide. Right panel: Unit cells of VPhC A, B and PhC C. The unit cells consist of triangle
air holes (¢ = 1) and silicon slab (¢ = 11.56). The side lengths of air holes are L, = 1.3a,L; = 0.7a in VPhC A and B, and are L = 0.95a
in PhC C. The layer distance d is the distance between two different unit cells near the interface. (b) (c) Projected band structures for TE
modes in PVLW with d = 1.4a and d = 1.15a. The calculation is in two-dimensional plane-wave expansion method. (d) The out-of-plane
magnetic field distribution of the mode marked in Fig. 1(c) with group index ng; = 50 and normalized frequency f = 0.252.
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Chen et al., ACS Photonics, 8, 1400-1406 (2021). [4] Y. Sai et al., Photon. Res., 11, 1021-1028 (2023).
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Control of current injection distribution in large-area photonic-crystal surface-emitting lasers
and realization of high-beam quality operation
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Analysis of lasing characteristics of 10-mm-diameter photonic-crystal surface-emitting lasers
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Design of post-based triangular-lattice topological photonic crystal
with broken time-reversal symmetry
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The realization of topological photonic crystals (PhCs) with broken time-reversal symmetry is one of the
most attractive topics in topological photonics due to their ability to support chiral edge states and to
resultant topologically protected unidirectional propagation. However, studies on such systems in the
optical regime have been limited: they are based on square-lattice PhCs [1,2] or on hole-based
triangular-lattice PhCs [3]. Here, we propose a design of triangular-lattice topological PhC with broken
time-reversal symmetry using a post-based hybrid structure, which can have a topologically nontrivial band
gap in TE-like modes.

Our structure consists of silicon (n=3.4) posts with a thickness of 250 nm bonded to a thin film yttrium
iron garnet (Y1G, permittivity tensor [4.84, 0.002i, 0; -0.002i, 4.84, 0; 0, 0, 4.84]), with a thickness of 50nm.
We arrayed triangle-shaped posts (side length: 700nm) with a small cylinder (radius: 40nm) at each corner
in the triangular lattice (lattice constant: 1125nm) (the inset of Fig. 1 (a)). Applying an external magnetic
field perpendicular to the structure lifts the degeneracy between the 3 and 4™ bands at I point and opens a
~85-pm-wide gap in the near infrared (Fig. 1 (a)). Without the small cylinders, no bandgap is obtained
because the bulk modes at around M point overlap with the gap around T point. The distributions of Berry
curvature and the Chern numbers for the bands below the gap are shown in Fig. 1 (b). The total Chern
number below the bandgap is -1, indicating the gap is a topologically non-trivial complete bandgap. We

expect the proposed structure can be fabricated by using the technology of making a thin YIG film [4].
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Figure 1. (a) Band structure of
topological PhC composted of
Si posts on YIG thin film.
Chern number are labeled on
each band. A bandgap is
r shown in the enlarge figure.
(b) Berry curvature of each
band below the bandgap.
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Design of photonic crystals with a topological photonic bandgap below light line using a
semiconductor-magnetooptical material layered structure
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Photonic chiral edge states hosted in topological photonic crystals (PhCs) with broken time-reversal
symmetry can transport light unidirectionally even with structural disorders [1,2]. So far, in the optical
regime, a topological bandgap capable of supporting chiral edge states was realized only above the light
line [3]. A topological bandgap and chiral edge states below the light line would be more useful for their
waveguide applications. Topological PhCs with a topological bandgap below the light line were
theoretically examined [1,4]. However, the proposed structures requiring the in-plane hybrid structure
between dielectric and magneto-optical (MO) materials are difficult to fabricate. In this study, we designed
air-suspended topological PhCs with a topological bandgap below the light line using a layered structure of
dielectric and MO materials [3,5].

The unit cell of the investigated structure is shown in Fig. 1(a). A triangular-lattice silicon PhC with two
triangular air holes in a unit cell (Period a, side length of holes L = 0.9a) is bonded on a thin uniform MO
layer. The thicknesses of Si and MO layers, d; and d>are 0.67a and 0.33a, respectively. Figure 1(b) shows
the band diagram for TE-like modes when bismuth substituted yttrium iron garnet (Bi-YIG) (sx = 5, &y
=0.002i) is used as the MO layer. A topological gap below the light line is observed. The gap-mid gap ratio
is 0.004%, which corresponds to 62 pm at 1550 nm. The gap-mid gap ratio increases up to 0.035% (540 pm
at 1550 nm) when a FeCo-BaF nanogranular film (s« = 4.4, &y =0.01i) [6] is used as the MO layer.
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Figure 1: (a) Schematic of air-suspended PhC structure consisting of a Si PhC on a uniform MO layer. (b) Band diagram for TE-like
modes in Si PhC-on-YIG structure. The right panel show the magnified view around K point. In the calculations, we use the refractive
index of silicon of 3.48.
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Optimizing Waveguides in Photonic Crystals for High-Efficiency Surface

Emission in Terahertz Quantum Cascade Lasers Using High-Index Contrast
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Surface-emitting terahertz quantum cascade
lasers (SE THz QCLs) that incorporate photonic
crystal-based top waveguides present considerable
benefits, such as amplified power emissions, single-
mode operation, and reduced beam divergence
angles. However, designing these devices with
analytical or semi-analytical method such as plane
wave expansion method (PWEM) and conventional
coupled wave theory (CWT) are arduous tasks due
to the extreme mode delocalization and permittivity
of metallic or heavily doped semiconductor
waveguides. In our antecedent work [1], a semi-
analytical technique termed the TM mode high-
index-contrast three-dimensional CWT (HC 3D
CWT) was developed to grapple with these
challenges.

In this study, SE THz QCLs equipped with
metallic photonic crystal waveguides are put under
scrutiny. The unit cell maintains a constant lateral
dimension of a=25 pum. Concurrently, the air-node
filling factors, which represent the proportion of the
air-node area relative to the unit cell area, are
experimented ranging from 0 to 0.12. The photonic
crystal waveguide characterized by a cylindrical air-
node structure has been previously demonstrated
the efficacy for SE THz QCLs [2], serving as the
foundational design in this research. Antecedent
findings in semiconductor-based waveguide SE
lasers have indicated that configurations with right-
angled triangular air node and double lattice
resonator yield significant improvements in the
efficiency of surface radiation power extraction [3-
4]. Galvanized by these developments, we adopt
three quintessential waveguide air node designs for
simulation, each exemplifying unique symmetry
properties: cylindrical (C), right-angled triangular
(RT), and double Ilattice (DL) structures.
Respectively, these choices embody symmetric,
antisymmetric, and half-wavelength phase-control
characteristics.

Our attention is directed towards the outcomes
involving antisymmetric-like modes at the band-
edge of the 2™ -order I point for they are typically
preferred for lasing due to their lower total loss. To
bolster the reliability of our computations, we also
employ the finite difference time domain (FDTD)
method for frequency simulation. The apex
deviation in frequency is in the vicinity of 2%. This

© 2023%F [SRYEES

variation can be ascribed to computational
inaccuracies in the HC CWT's perturbation
algorithm and the virtal scattering sources during
the spatial segmentation in FDTD. The results from
these calculations attest to the exactitude of the
simulations, capacitating us to adeptly steer the
engineering of the photonic crystal waveguide for
integration in ensuing experiments.

/I v [ 1

™ Edge radiation

Fig. 1. Typical structure of (a) edge-emitting THz QCLs. and (b)
SE THz QCLs. (c¢) Unit cell and vertical dimension to simulate
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Fig. 2. Working frequency obtained by HC CWT and FDTD. A,B
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Fig 3. (a)The radiation constants obtained through the HC CWT
method are presented. (b) The absolute intensity distribution of

the z-component of the electric field for the fundamental waves
is shown.
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Increase of CW output power of 3mm-diameter photonic-crystal lasers
and application to metal processing
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Kilowatt-class high-peak-power operation of large-area photonic-crystal surface-
emitting lasers driven by high-current pulse source
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