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The explosive growth of artificial 
intelligence has starkly exposed 
the limitations of traditional si-
licon-based electronics, creating 
an urgent need for more efficient 
computing paradigms. As neural 
networks grow larger, the ener-
gy costs have become unsustai-
nable, primarily due to critical 
bottlenecks in data movement. 

This development has spurred a 
hardware revolution, shifting 

research toward two revolutionary 
and complementary approaches: 
energy-efficient photonic computing 
and brain-inspired neuromorphic 
architectures. These technologies 
promise dramatic improvements in 
speed, efficiency, and latency, fun-
damentally redefining the future 
of AI infrastructure. IBM Research 
illustrates the immense scale of this 
computational challenge, noting that 
training a modern AI model requires 
the equivalent of 10,000 days of the 
world’s first petaflop supercompu-
ter. With compute power having 

improved 60,000-fold over memo-
ry bandwidth’s mere 100-fold gain, 
the solution lies in new architectures. 
IBM is pioneering analog in-memory 
computing using grids of program-
mable resistors like resistive RAM. 
Optical versions of this approach 
use beams of light manipulated by 
interferometers to achieve results at 
light speed, with systems achieving 
remarkable efficiency and nearing 
viability for the entire AI training 
process.

This hardware evolution is 
complemented by neuromorphic 
computing research highlighted 
by Zurich University of Applied 
Sciences. Their work emphasizes 
that neuromorphic systems are 
defined by brain-inspired algorith-
mic principles, not just hardware. 
This approach embraces biologi-
cal computation through parallel 
architecture with integrated me-
mory and processing that operates 
asynchronously, consuming power 
only when responding to meaning-
ful events. This makes it extremely 

efficient for real-time applications, 
extending beyond deep learning to 
optimization solvers and bio-inspi-
red models for robotics.

The revolution extends beyond 
specific accelerators to reimagining 
entire computing architectures. Ak-
hetonics is challenging the assump-
tion that optical computing is only 
suitable for matrix math by develo-
ping a general-purpose, high-per-
formance optical processor. Their 
approach replaces both electronic 
transistors and memory with op-
tical components, keeping data in 
the optical domain from input to 
output to eliminate conversion in-
efficiency. By simplifying designs 
to require thousands instead of 
billions of transistors, they achieve 
remarkable energy efficiency and 
low latency, with a design built on 
European supply chains.

Quantum computing is seeing 
photonic innovations that could 
make quantum processing more 
accessible. The startup Rotonium is 
using a photon’s orbital angular mo-
mentum to encode multiple qubits 
within a single photon. This creates 
multidimensional qubits that enable 
deterministic quantum gates wit-
hout needing extra ancillary pho-
tons, significantly reducing error 
correction overhead and allowing 
for compact, room-temperature 
operation.

Supporting these advances are 
crucial innovations in photonic 
networking. The company iPronics 
focuses on this area, developing 
high-speed, lossless optical circuit 
switches that create a reconfigurable 
photonic layer for AI data centers. 
Their technology can reroute con-
nections within microseconds upon 
failure and dynamically reconfi-
gure network topology to adapt to 
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Fig. 1  Akhetonics' next-generation optical computing chip consists of a fully inte-
grated photonic chip, tested with automated optical and electronic validation.
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live traffic patterns, enhancing re-
silience and training efficiency for 
clusters of GPUs or future photonic 
chips.

Addressing the persistent chal-
lenge of coupling light efficiently 
between chips and fibers requires 
the precision micro-optics develo-

ped by Nanoscribe. Using advan-
ced 3D micro-printing, they create 
custom micro-lenses that reshape 
light beams to perfectly match the 
different mode sizes of nanoscale 
waveguides and optical fibers. This 
technology drastically reduces cou-
pling losses and relaxes alignment 
tolerances, making the packaging of 
photonic systems more robust and 
scalable – a vital step for practical 
integration from AI accelerators to 
quantum computers.

Together, these developments 
represent a tectonic shift in com-
puting architecture. The conver-
gence of photonics, neuromorphic 
inspiration, and quantum principles 
is creating a new class of machines 
tailored for modern AI: faster, mo-
re energy-efficient, and adaptive. 
The race is no longer about tran-
sistor density but about unlocking 
new dimensions of computation. 

This foundational shift promises 
to decouple computational pro-
gress from unsustainable energy 
demands, enabling a future where 
AI can grow smarter and greener.

Fig. 2  Programmable silicon photonics 
optical circuit switch from iPronics for 
data centers and AI infrastructure. 

Fig. 3  Single-photon 
quantum processor from 
Rotonium: a 4-qubit 
processor designed for 
oracle algorithms and 
hybrid quantum-classi-
cal generative models. 
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