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hBN is not only a bright, room-temperature host for quantum emitters but also a promising 2D dielectric material for photonic chip platforms.
Demonstrations of hBN-based high-Q cavities—including resonant metasurfaces [3,4], suspended microdisk cavities [5], and one- and two-dimensional photonic
(a) SEM images of fabricated gold crystal cavities [5]—as well as various integrated waveguide components [2,5], highlight its potential for integrated quantum photonics.
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In monolayer TMDCs, inversion
symmetry breaking combined with strong
spin—orbit coupling enables valley-
selective excitation and population

control using light. This intrinsic valley—

photon coupling provides a pathway for
optical initialization, manipulation, and
readout of valley qubits.

The valley degree of freedom of
electrons In materials such as
graphene and transition metal
dichalcogenides (TMDCs) has

emerged as a promising platform for L $

quantum information processing.

Arbitrarily structured quantum
emission  with  polarizing
beam-splitting metalenses [6]. @ __

(A) Schematics of B
different metalens
functionalities. The circles
represent desired positions
for  orthogonal linear
polarizations in the K
space. The doughnut-
shaped spots indicate the
generation of OAM.

(B) Far-field optical
Images of the fabricated
metalens. Scale bar is 30
pm.

(C) Experimental (top)
and numerically calculated
(bottom) results of the
SPE far-field back focal
Imaging.
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Schematics of waveguide-routed photon detection and the proposed on-chip programmable valley optoelectronic nanocircuit. The
energy diagram illustrates the nonlinear valley selection rule.
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