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Tan Kah Kee Young Scientist Award in Information Technical Sciences

Optical Chips for Quantum Computing
and Networking

he 2026 Tan Kah Kee

Young Scientist Award in

Information Technical Sci-
ences recognizes the breakthrough
work on integrated optical quan-
tum chips led by Professor WANG
Jianwei and Professor GONG Qi-
huang at Peking University. Their
team has built chips that combine
quantum light sources, optical cir-
cuits, and light detectors all on a
millimeter-scale chip. This makes
it possible to generate, control,
and measure quantum states en-
tirely on a single chip, providing
a hardware platform that can be
scaled up for quantum computing
and networking.

Quantum information tech-
nology uses quantum superposi-
tion and entanglement to achieve
exponentially faster computing,
secure communication, and pre-
cise measurement. Among the
main quantum hardware plat-
forms—such as superconducting
circuits, trapped ions, and neutral
atoms—photonic (light-based)
systems have unique natural ad-
vantages. Photons act as “flying
qubits™: they keep their quantum
properties at room temperature,
are hardly affected by environ-
mental noise, and can operate
and transmit data at very high
speeds (Wang et al., 2020).

For decades, laboratory quan-
tum optics experiments relied
on bulky optical parts like lenses,
beam splitters, and external lasers.
These tabletop setups, however,
are sensitive to vibrations, hard
to reproduce, and difficult to ex-
pand. Scaling them up to handle

millions of quantum modes is
practically impossible. Integrated
optical quantum chips can solve
this problem by using standard
semiconductor manufacturing
techniques to pack complete
quantum optical circuits onto tiny
silicon chips. Around the world,
research groups from the Uni-
versity of Bristol, MIT, Xanadu,
and PsiQuantum have pioneered
photonic quantum prototypes. In
China, many universities are also
carrying out research on silicon
and lithium niobate quantum
photonics. The Peking University
team launched a systematic effort
to build large-scale integrated
quantum chips, aiming to advance
practical quantum computing and
wide-area quantum communica-
tion networks. They have achieved
a series of important milestones
in both integrated optical quan-
tum computing and large-scale
quantum communication.

On-chip Quantum
Optical Devices and
Hardware

Quantum light sources are the
starting point of all photonic
quantum systems. WANG’s team
developed three different types of
integrated quantum light sources
for different applications. These
include entangled photon sources,
which use optimized nonlinear
waveguides and resonant cavities
to produce photon pairs with high
purity and identity—a basic re-
quirement for high-quality quan-
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tum interference. They have also
demonstrated ultra-low-noise co-
herent frequency comb sources to
support large-scale quantum key
distribution (QKD) networks with
many chip-based nodes. In addi-
tion, they have realized squeezed
light sources and arrays with con-
sistent performance across entire
wafers, and achieved monolithic
integration of squeezers with
high-fidelity quantum gates and
projectors, opening the way for
continuous-variable universal
quantum computing. These on-
chip quantum light sources elim-
inate the need for bulky external
optical modules. They are com-
pact, stable, and compatible with
standard wafer fabrication.

To implement quantum
logic gates and dynamic control
of quantum states, the team de-
veloped on-chip technology for
manipulating various quantum
properties, including polariza-
tion, path, frequency, time, and
orbital angular momentum. For
reconfigurable quantum proces-
sors, they built fully program-
mable photonic mesh arrays that
can perform any linear optical
quantum operation, as well as
fully reconfigurable recirculating
linear optical lattices. Single-pho-
ton detection is essential for
reading out quantum states. The
team also integrated supercon-
ducting single-photon detectors
directly onto silicon waveguides,
achieving over 99% on-chip de-
tection efficiency, which removes
the photon loss caused by using
external detectors.
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With their mass-manufac-
turing process, thousands of
optical components can be fab-
ricated on a single chip (Wang
et al., 2018). This enables precise
generation, programmable con-
trol, and high-fidelity readout of
multi-photon, high-dimensional
quantum entanglement states, as
well as both discrete-variable and
continuous-variable quantum en-
tanglement states.

Integrated-optical
Quantum Computing

Optical quantum computing op-
erates at room temperature, with
high operating speed and excellent
quantum coherence, making it a
promising scalable platform. The
team has developed fully program-
mable Boson sampling chips for
specialized quantum computing
tasks, such as solving combinatorial
optimization and graph problems
(Bao et al., 2023). They have also
built discrete-variable and contin-
uous-variable quantum chips for
universal quantum computing.
In discrete-variable systems, they
experimentally demonstrated on-
chip cluster states, graph states,
and hypergraph states, construct-
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ed measurement-based universal
photonic quantum computing
prototypes, and realized a set of
quantum logic gates and main-
stream quantum algorithms. In
continuous-variable systems, they
achieved on-chip generation, ma-
nipulation, and measurement of
multi-partite cluster states, bring-
ing China to an international lead-
ing position in continuous-variable
photonic quantum computing (Jia
etal, 2025 & 2026).

The team has also worked on
both digital and analog quantum
simulation. They proposed a new
mechanism for topologically pro-
tected quantum entanglement
based on anomalous Floquet to-
pological insulators, which shields
quantum states from fabrication
defects (Dai et al., 2022). They
developed fully programmable
topological photonic chips to sim-
ulate non-Hermitian topological
phase transitions and quantum
transport processes (Dai et al,,
2024 & 2024; Ma et al., 2026).
They combined Al with photonic
quantum hardware to optimize
quantum circuit parameters and
learn unknown Hamiltonian op-
erators (Wang et al., 2017). Their
chip platform supports variational
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quantum simulation of molecular
energy levels and dynamic evo-
lution, offering new experimental
tools for quantum chemistry and
quantum material design.

Integrated-optical
Quantum Networking

The future quantum internet
requires miniaturized quan-
tum chips that act as terminal
quantum nodes, enabling secure
communication and distributed
quantum computing. Quantum
teleportation is the core method
for transmitting quantum states
over distance. They achieved
high-fidelity quantum telepor-
tation between two independent
chips, overcoming phase instabil-
ity and low transmission fidelity
at the chip interface. They also
developed vortex entanglement
chips that support the manipula-
tion of orbital angular momen-
tum states (Huang et al., 2025),
which could help build space-air-
ground integrated quantum com-
munication infrastructure.
Multi-chip entanglement net-
working is the key to overcoming
the scale limits of single-chip
quantum systems. By developing
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Alarge-scale-integrated optical quantum computing chip: the Boya Quantum chip. (Image adapted from Bao et al., 2023)
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hybrid multiplexing and Al-as-
sisted entanglement self-recovery
technologies, they built the first
multi-chip high-dimensional
entanglement network (Zheng et
al., 20238). This network achieves
synchronized control and high-fi-
delity entanglement distribution
across multiple independent
quantum chips, providing critical
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Alarge-scale quantum communication network comprising 20 client chips and a Hz-level microcomb
source: the Weiming Quantum Chip-Network. (Image adapted from Zheng et al., 2026)

technical support for distributed
quantum computing. Their most
transformative achievement is a
large-scale multi-node QKD net-
work built entirely with integrat-
ed photonic chips (Zheng et al.,
2026). Equipped with microcomb
quantum light chips, the network
supports simultaneous communi-
cation among 20 chip nodes, with

a maximum transmission dis-
tance of 370 km between any two
nodes and a total coverage capac-
ity of up to 8,700 km. This breaks
the distance limits of traditional
QKD protocols and accelerates
the transition of quantum secure
communication from laboratory
demonstrations to large-scale re-
al-world deployment.
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