
All-optical digital logic and neuromorphic
intelligent computing based on wavelength
auxiliary & competition

Fig. 1 Schematic of the multi-wavelength photonic

spiking neuron based on microring resonators.

Such passive photonic neurons and

networks promise access to the high

transmission speed and low power

consumption inherent to optical systems.

CHENGDU, SICHUAN, CHINA, October

9, 2025 /EINPresswire.com/ --

Traditional artificial neural networks,

exemplified by large-scale models such

as ChatGPT, have been widely applied

across various domains. However,

these models commonly suffer from

low computational speed, high latency,

and significant energy consumption

during training and inference, posing

critical bottlenecks to the further

advancement of artificial intelligence.

Photonic spiking neural networks, as a novel architecture integrating neuromorphic computing

and photonic technologies, combine the spatiotemporal encoding and event-driven nature of

spiking neural networks with the advantages of photonics, including ultra-high bandwidth, ultra-

low power consumption, and large-scale parallel processing. This architecture represents a

promising direction for achieving breakthroughs in intelligent computing.

Microring resonators, with their compact structure and low static power consumption, are

considered ideal devices for emulating neuron-like dynamic behaviors, enabling the realization

of photonic spiking neurons for brain-inspired intelligent computing. However, there has been

no systematic investigation into multi-wavelength microring-based spiking neurons, nor reports

on their use for implementing complete digital logic operations and related intelligent computing

applications highlighting a critical need for further exploration.

This section should explain the strategies, results, importance and contribution of your work in a

broader context in the third person. In terms of words and expression, please consider how to
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Fig 2. Illustration of all-optical digital logic gates using

microring resonators. (a) AND gate; (b) OR gate; (c)

NOT gate; (d) NAND gate; (e) NOR gate; (f) XOR gate;

(g)-(h) Full adder.

attract both specialist and non-

specialist scientific audience. 

Recently, Prof. Kun Qiu and Prof. Ning

Jiang from the University of Electronic

Science and Technology of China

proposed, for the first time, an all-

optical spiking neuron model based on

a multi-wavelength auxiliary and

competition mechanism in microring

resonators. This model reveals the

nonlinear spiking dynamics exhibited

by microring resonators under

wavelength-division multiplexing, and

successfully enables the

implementation of complete all-optical

digital logic operations. Building upon

this foundation, the neuromorphic

intelligent computing capabilities of the

proposed photonic neuron were

further demonstrated through a case

study on image edge detection.

Figure 1 presents the architecture of the proposed multi-wavelength photonic spiking neuron

based on microring resonators. Utilizing wavelength-division multiplexing, optical pulses at

distinct wavelengths are simultaneously coupled into the microring. Within the cavity, the

combined influence of free-carrier dispersion and thermo-optic effects gives rise to multi-

wavelength auxiliary and competition spiking dynamics, enabling binary spike-based

representations of Boolean logic.

By exploiting the spiking dynamics of microring neurons and integrating both intensity and

temporal encoding schemes, three fundamental all-optical digital logic gates AND, OR, and NOT

were successfully realized. Building upon these basic gates through cascading, more complex

logic functions including NAND, NOR, and XOR were implemented. Furthermore, a full adder,

serving as a key component of the arithmetic logic unit in all-optical computing architectures,

was constructed to validate the approach’s potential for large-scale digital logic operations. The

corresponding results are shown in Figure 2.

Building on the previously demonstrated logic operations, the research team validated the

neuromorphic computing capability of the proposed photonic spiking neuron through a

representative application, image edge detection based on binary convolution, as illustrated in

Figure 3. All-optical logic gates, constructed from microring-based spiking neurons, were

employed to perform binary convolution operations. A binary gradient estimation algorithm was

used to extract image gradients, successfully enabling edge identification.
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Fig.3 Demonstration of image edge detection

based on microring resonators. (a) Time-

division multiplexed all-optical binary

convolution architecture; (b) Wavelength-

division multiplexed all-optical binary

convolution architecture; (c) Principle of image

edge detection.

This work, entitled 'All-optical digital logic and

neuromorphic computing based on multi-

wavelength auxiliary and competition in a

single microring resonator', was published in

Opto-Electronic Science, Early View section.
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Natural Science Foundation of China under

Grant Nos. 62171087 and 62475036.
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