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1. Executive Summary 
The scaling of next-generation Physical AI and hyperscale data centers is fundamentally 
constrained by the physical limits of electronic switching and legacy mechanical systems. 
As interconnect speeds surpass 1.6T, copper-based electrical paths run into hard limits of 
reach, power and signal integrity. Voyant Photonics addresses these bottlenecks through a 
fully industrialized, solid-state silicon photonic platform. Originally developed to enable 
robust, high-yield 4D FMCW LiDAR, Voyant’s silicon-native switch fabric is proven, and is 
now being pointed at its next application: Optical Circuit Switching (OCS). By leveraging a 
scalable, software-defined photonic architecture, Voyant eliminates the mechanical failure 
modes of legacy beam-steering and the costly O/E/O conversion cycles that currently 
plague AI infrastructure. This white paper explores how Voyant’s unified technology stack—
bridging the gap between sensing and networking—redefines light management to enable 
the high-bandwidth, deterministic information fabrics required for the AI era. 

2. Introduction 
Two fundamental challenges of the next decade are to generate high quality data about the 
real world and eƯiciently route and process it at the speed of light. As they become faster 
and more capable, robots must be able to navigate complex real-world environments with 
increasingly high precision. AI clusters are synchronizing trillions of parameters in the 
digital world. Both of these share the same kind of bottleneck: moving past the 
ineƯiciencies and physical constraints of traditional electronics and mechanical parts to 
unlock the true potential of information moving at the speed of light. 

In the data center, the rapid growth of AI clusters is pushing electrical interconnects and 
conventional switching architectures to their limits. In parallel, the emergence of “Physical 
AI” systems that must perceive and act in the real-world places unprecedented demands 
on sensing systems, particularly LiDAR. In both cases, the bottleneck is no longer compute 
alone, but the ability to route, process, and act on data at extremely high bandwidth and 
low latency. 

In both domains, the core challenge is the same: 

How do we control and route light precisely, reliably, and at scale? 

Silicon photonics has emerged as an important solution to these challenges. At a 
conceptual level, beam steering in LiDAR and switching in optical networks are closely 



 

 

related problems. Both involve directing optical signals from a set of inputs to a set of 
outputs, ideally with low loss, high speed, and precise control. 

The switch-matrix architecture developed for LiDAR can therefore be viewed as a form of 
optical routing fabric. In the LiDAR context, it determines which spatial direction a beam is 
emitted. In a networking context, the same structure determines which communication 
channel a signal is routed to. Same fabric, same job, a diƯerent label on the output port. 

Our eƯorts to industrialize silicon photonics-based LiDAR sensing have synergies with high 
performance data communications architectures for optical circuit switching (OCS) that 
are becoming increasingly important for demanding data center applications. 

3. Our Approach 
Voyant Photonics has pioneered a fully industrialized, solid-state silicon photonics 
platform for high-performance scalable super-human perception. At the heart of this 
platform is a high density, high yield photonic switching network for on-chip solid state 
LiDAR beamsteering that is designed to the rigorous requirements of real-world LiDAR 
sensing. This is a leapfrog technology set to transform machine perception because of its 
combination of scalability, reliability, and performance. 

But we aren’t stopping there.  

As we continue to develop the LiDAR-on-a-chip platform for higher pixel count, longer 
range, and harsher environmental conditions, we see a parallel roadmap emerging to apply 
this technology platform to on-chip optical circuit switching (OCS) in datacenters. Many of 
the same advantages leveraged for LiDAR could be applied to an OCS-on-a-chip platform 
that would eliminate data bottlenecks and power waste due to legacy datacenter switching 
technologies. 

We frame this technology platform progression in two steps: 

 Phase I: Industrialized Sensing. We have established the product platform and 
industrialized it for demanding high reliability sensing applications. This is now 
shipping. 

 Phase II: AI Infrastructure and beyond. In parallel, we are using the photonics 
platform for developing other target applications, such as datacenter optical circuit 
switching. 



 

 

3.1 Photonics as a Key Enabling Technology 
The rapid advancement of Large Language Models and generative agents has redefined our 
expectations for digital intelligence. However, the next frontier of Physical AI requires these 
models to step out of the screen and into the messy dynamic reality of the physical world. 
For a robot to operate with human-like fluidity or for a factory to self-optimize in real-time, 
intelligence must be embedded at the point of interaction. 

As both sensing and datacom expand rapidly, they face a largely overlapping set of 
constraints that can be addressed with photonics. As these systems grow, they need to 
become more eƯicient not only in power per bit of communication, but also in use of 
compute resources which is a growing bottleneck in perception. Systems need to become 
more reconfigurable and lower latency to adapt to dynamic physical environments and to 
optimize complex compute flow. As our real-world systems become increasingly reliant on 
sensing and communications infrastructure, long term reliability is of the utmost 
importance, so legacy mechanical systems are giving way to long term robust reliable 
solid-state technologies.  

Photonics is a central technology necessary for fueling this growth. This transition is well 
underway for datacenter interconnects, with co-packaged optics (CPO) as the next frontier 
of leveraging photonics directly at the board and processor level. Physical AI is emerging 
next, where photonic integration is beginning to drive the high quality compact low cost 4D 
sensing to become a ubiquitous technology. 

Voyant Photonics is at the forefront of this transition, industrializing the photonic fabric that 
controls light on a chip. Whether it is steering a LiDAR beam or routing a data packet 
between GPU nodes, our platform provides the scalable, reliable bridge between digital 
thought and physical action. 

Table 1. Common challenges between AI data communication infrastructure and Physical 
AI that can be addressed by photonics. 

Constraint Physical AI (Machine 
Sensing) 

Datacenters (AI 
Infrastructure) 

Photonics Solution 

Manufacturability Complex optical 
alignments and 
calibration drive low 
yield and high cost  

Assembly and 
calibration of current 
free-space MEMs 
systems is prohibitive 

Semiconductor 
integration and scaling 
eliminates complex 
assembly, increases 



 

 

yield and production 
throughput 

System 
EƯiciency 

Battery and thermal 
limits. Compute 
resources needed to 
process data. 

Massive "OEO tax" 
(Optical-Electrical-
Optical) and cooling 
costs. 

Elimination of OEO 
steps. High quality 4D 
data requires less 
compute for perception 
than ToF. 

Reconfigurability Static sensors are brittle; 
software-defined focus 
is required. 

Mechanical 
reconfiguration is too 
slow for dynamic AI 
sync. 

Software-defined 
foveated sensing and 
burst-aware fabrics. 

Reliability Mechanical wear and 
shock-induced 
misalignment in field 
use. 

Mechanical mirror 
(MEMS) stiction and 
fatigue during 
reconfiguration. 

Solid-state design with 
no moving parts; trillions 
of proven cycles. 

Form factor Bulky mechanical 
sensors cannot scale to 
small-scale robotics. 

Massive cabling and 
port count limits 
throttle cluster 
scaling. 

CMOS-integrated PICs 
allow for chip-scale 
integration (CPO). 

Latency Velocity must be inferred 
by tracking objects 
across frames, adding 
100+ ms of photon-to-
action latency before a 
robot can respond. 

Millisecond-scale 
synchronization 
delays lead to "GPU 
idle time." 

Per-pixel velocity in the 
first frame and 
microsecond-scale 
solid-state switching. 

 

As the comparison table illustrates, the bottlenecks facing high-performance machine 
sensing and high-velocity AI clusters are largely the same. Both domains have reached a 
point where size, cost, speed, and power are the primary limiters of progress. The 
"mechanical wall" is not just a sensor problem; it is a synchronization problem for trillion-
parameter models. By industrializing a single photonic switching fabric on silicon, Voyant 
provides a unified solution that addresses these disparate challenges simultaneously. 
Whether it is protecting a robot from a collision or ensuring a GPU cluster stays fully utilized 



 

 

during a training batch, the solution is the same: moving from the high-friction world of 
traditional optics to a deterministic, CMOS-integrated fabric where information moves at 
the speed of logic. 

3.2 Foundation: A Silicon Photonics Library for Large Scale Integration at 
High Yield 
Voyant has developed a comprehensive, high-performance silicon photonics technology 
library specifically engineered for high-volume semiconductor manufacturing. 

This library is designed with a focus on not only performance but yield and robustness to 
fabrication process variations. Traditional photonic components are often hyper-sensitive 
to the minor variations inherent in wafer fabrication. Voyant’s components are built to 
maintain their performance across an entire wafer and across multiple fabrication lots.  

This library allows us to build very large scale densely integrated systems on chip. This is 
key to enable (a) high yield chips, and (b) high yield systems by packing significant 
complexity onto the chip and eliminating all complex and expensive parts of the 
surrounding system. Dense integration without compromising performance or yield is a 
significant challenge that Voyant has tackled and now demonstrated with our first LiDAR 
product. 

 

3.3 Core Breakthrough: The Photonic Switch Network 
At the heart of Voyant’s technology is a fundamental architectural shift away from the 
"analog" nature of silicon photonics. A prominent example of the analog approach is the 
Optical Phased Array (OPA), which attempts to steer light by manipulating wavefronts 
through precise phase control. While theoretically elegant, OPAs are notoriously unstable 
in real-world conditions. Because they rely on global analog interference to synthesize a 
beam, even infinitesimal variations in temperature or fabrication cause the beam to drift or 
dissolve into noise. 

Voyant circumvents these physical hurdles by moving toward a deterministic, switch-
matrix architecture. Instead of relying on global analog interference, we implement a large 
array of switch trees to route light to specific, fixed grating couplers (pixels). While the 
individual switches on the chip are interferometric devices, they are operated in a binary, 
path-selective mode. The switches are optimized such that a single “on” and single “oƯ” 
voltage can be used to drive any switch on the entire wafer, much like a digital system 
which is truly scalable and removes the need for complex analog control schemes. 



 

 

The result is truly scalable on-chip beamsteering that remains stable across wide 
temperature ranges and is natively compatible with high-volume semiconductor 
manufacturing. FIgure 1 shows the binary tree for LiDAR beamsteering alongside two other 
switch networks that can be used for diƯerent applications in datacenters. 

 

Figure 1. LiDAR beamsteering circuit consists of (a) a series of binary switch trees. 
Datacenter OCS switch networks have multiple configurations depending on use case, for 
example (b) a non-blocking crossbar switch network, or (c) a rearrangeable non-blocking 
network. 

 

Voyant utilizes a switch matrix architecture to drive a pixel array. Instead of "bending" a 
beam, our PICs physically route light through a series of discrete, solid-state switches. 

 Addressable Pixels: Each path in the switch tree terminates at a unique pixel in the 
pixel array. 

 Software-Defined Routing: The system operates in a deterministic, "digital-like" 
manner. By driving switches into digital 'On' or 'OƯ' states, the system achieves sub-
microsecond repeatability that is immune to the noise and drift of analog phase-
tuning. 

 Foundry-First Scaling: By integrating thousands of these discrete switches into a 
standard high-volume silicon wafer process, Voyant has moved complex optical 
routing from laboratory experiments to an industrialized reality. 

 



 

 

3.4 Industrializing the Photonic Fabric: From Prototype to Production 
Voyant has crossed the chasm from laboratory prototype to industrialized solution by 
moving photonic switching into the domain of high-volume semiconductor manufacturing, 
focused on reliability and yield. 

3.4.1 Shift to System-Level Integration 

A core advantage of the Voyant platform is the transition from discrete optical assemblies 
to fully integrated Photonic Integrated Circuits (PICs). In LiDAR, systems traditionally 
require the sensitive alignment of dozens of discrete components creating not only high 
cost but higher number of failures that limit the robustness of the system. 

By integrating the entire complexity of the LiDAR system directly onto the PIC, we eliminate 
nearly all the complexity, down to 1 single optical alignment between chip and lens, just 
like a CMOS camera. Additionally, this architecture strategically aligns with the industry's 
current shift toward Co-Packaged Optics (CPO). By moving the photonic switching fabric 
onto the same package as the high-speed electronics, Voyant’s solution can come to 
enable seamless compatibility with the next generation of integrated datacom and sensing 
platforms. 

3.4.2 Performance Without Compromise 

Switches in silicon photonics suƯer from an inherent tradeoƯ of speed and optical loss. We 
have partially broken this tradeoƯ with a small fraction of a dB of optical loss and 1 us 
switching time per switch. This performance enables us to easily cascade dozens of these 
components and configure large matrices of switches into a system fabric.This 
performance also comes with low power, compact size and solid state robustness. 

3.4.3 Reliability and Robustness 

Voyant’s switch matrix and control circuit is designed for stable performance over trillions 
of switch cycles. Because our switches maintain their performance characteristics without 
drift or degradation, they represent a maintenance-free solution for the most demanding 
24/7 environments. 

3.4.4 Thermal Stability and Uniformity 

Voyant’s switches are designed and validated to operate uncooled and remain stable 
across the 100+°C wide temperature ranges required by challenging LiDAR use cases. This 
is already well-positioned for stable uncooled operation in a datacenter. Furthermore, our 
switch components and switch matrix are specially designed for uniform output power and 



 

 

path length across the wafer, ensuring consistent switching performance which is critical 
for data communications. 

4. Industrialized Sensing 
Industrial machine vision is currently constrained by a compromise between performance 
and durability. Conventional Time-of-Flight (ToF) systems with mechanical scanning are 
prone to misalignment, while non-mechanical "Flash" LiDAR architectures are limited by 
power density and eye-safety constraints. 

4.1 FMCW on Silicon Photonics: The New Gold Standard 
Voyant’s platform delivers a transformative price-performance ratio for industrial sensing. 
By integrating the entire LiDAR system into a single silicon chip package, we radically 
reduce the bill of materials and assembly complexity compared to legacy mechanical 
systems. This photonic integration doesn't just lower cost; it unlocks the superior 4D data 
quality of Frequency Modulated Continuous Wave (FMCW) sensing at an industrial scale. 

The combination of FMCW and silicon photonics at 1550nm wavelength provides several 
key advantages: 

 Instantaneous Velocity: High-precision radial velocity data for every pixel, enabling 
immediate intent detection and motion prediction. 

 Interference Immunity: Inherent resistance to sunlight and cross-talk from other 
sensors, critical for high-density autonomous environments. 

 High Dynamic Range: Coherent detection allows for identification of low-
reflectivity "dark" targets and retro-reflective surfaces without receiver saturation. 

 Adverse Weather Performance: Optimized 1550nm window and coherent 
detection ensure superior penetration through fog, dust, and steam. 

 Ego-Motion Compensation: Real-time radial velocity data enables the sensor to 
instantly decouple its own movement from the motion of surrounding objects. 

By eliminating moving parts with a solid-state pixel array, not only is the LiDAR solution 
more robust, it increasingly becomes a software-definable hardware platform. The core of 
this software-definable control is foveated scanning. Utilizing our microsecond-speed 
switch matrix, the system can instantly direct its focus to specific areas of interest in the 
field of view. Rather than wasting bandwidth on empty space, the LiDAR can concentrate 
its resolution on critical targets—such as a moving forklift or a subtle obstacle—in sub-
microseconds. This ability to jump the beam non-sequentially across the pixel array 



 

 

drastically reduces computational latency and increases the eƯective intelligence of the 
sensing platform. 

 

4.2 Industrial Product Portfolio: Carbon and Helium 
Carbon (Available Today): Carbon is Voyant’s flagship LiDAR system, representing the first 
commercial step toward high-volume silicon-native sensing. It employs a hybrid 
architecture: a single-axis on-chip beamsteering switch matrix coupled with a low-speed 
moving mirror for the wider axis. Carbon is available today as a complete LiDAR system as 
well as the integrated photonic module (Figure 2) consisting of the entire LiDAR front end 
and 1D beamsteering for integrator partners to develop their own sensors using Voyant’s 
technology. 

Helium (Coming Soon): Helium is the world’s first fully solid-state 4D FMCW LiDAR. 
Advancing the foundation of the Carbon line, Helium expands the architecture from 1D to 
2D on-chip beamsteering. The result is a "camera-like" module with solid-state reliability. 

                                  

Figure 2. Voyant Carbon PIC and Carbon photonic module. 

 

5. AI Infrastructure and Dynamic Photonic Fabrics 
As AI clusters grow in complexity, the networking layer is evolving from a static utility into a 
dynamic resource. Today, there is a massive push to increase network bandwidth and bring 
photonics closer to the processor with co-packaged optics (CPO). This is largely driven by 
the energy bottleneck of ever-increasing data rates running over copper wires. There is a 
parallel need for converting electrical packet switch networks into optics, as well as a 



 

 

growing demand for more dynamic reconfigurable network capabilities to optimize 
eƯiciency. This is driving a transition to Optical Circuit Switching (OCS).  

This transition enables a new class of network behavior: topology reconfigured to match 
the workload rather than fixed at build time. Bandwidth can be steered to match the 
collective communication pattern of a given training phase, scale-up domains can be right-
sized instead of over-provisioned, and failed links or nodes can be routed around in under a 
millisecond. 

5.1 OCS Growth: From Datacenter Scale-out to Scale-up 
Google pioneered the first large-scale commercial deployment of OCS and demonstrated 
significant power and cost savings or 30-40% by replacing electrical packet switching at 
the spine layer of large scale-out network fabrics in their datacenters. This transition from 
electrical to optical switching even in one layer of the network requires not only high 
performance, reliable optical switching hardware but also significant changes to the 
network software infrastructure. Other hyperscalers including Microsoft, Meta and Oracle, 
are now actively moving to adopt OCS in their datacenters.  

Plans for OCS deployment beyond the spine layer are now growing. In particular, Scale-up 
of GPU interconnectivity within the rack accelerated by the needs of AI workflows is fueling 
significant growth of OCS. Within-rack OCS requires lower radix than the spine layer, while 
requiring significant reductions in form factor and cost. 

 

 

Figure 3. OCS use cases. (a) OCS today is primarily at the spine layer, connecting large 
blocks of racks together (part of the scale-out network architecture). This is currently 
served by MEMS and Liquid Crystal solutions today. (b) A growing use case for OCS is 
connection of GPUs within a rack (part of the scale-up network). This use case likely 
requires a compact, low cost, high reliability chip-scale solution. (c) A future concept for 
OCS embedded directly into the co-packaged optics (CPO) layer.  



 

 

 

5.2 OCS Technology Landscape 
The leading OCS architecture today is free-space MEMS mirror technology, developed by 
Lumentum, who is the market leader. The Lumentum solution delivers well on performance 
(low insertion loss, ultra-wide wavelength range, etc…), though it is a highly complex bulky 
system that take many days or weeks to assemble and calibrate. The MEMS-based product 
is highly engineered to ensure reliability and redundancy to meet stringent datacenter 
reliability requirements. Liquid crystal on silicon (LCoS) is the other main technology 
approach for OCS available today from Coherent, which provides a solid-state alternative, 
while introducing some additional challenges such as optical losses. Both solutions are 
large appliances primarily deployed today for the scale-out spine replacement use case. 

While today’s technologies deliver on performance needed for datacenter deployment, 
they face significant challenges in manufacturing, form factor, cost and reliability which 
will become increasingly prominent as OCS demand increases over the next several years. 
Additionally, as OCS use cases diversify into a variety of network types and applications, 
the large size of today’s systems emerge as a bottleneck as well. There will need to be a 
next-generation OCS technology platform that can address these challenges. This next-gen 
OCS architecture will need to be much more compact, either fitting within one rack unit or 
even a more compact form factor like a pluggable module. This next-gen OCS may not 
replace the current technology but instead it will extend OCS into enabling new use cases. 
For each use case, the winning technology will be defined by not only performance but also 
integration and manufacturability. 

Next-generation OCS approaches are now in development. Several companies are 
developing on-chip switch fabric implementations in silicon photonics, including Voyant, 
Salience Labs and iPronics. Another new chip-scale approach involves waveguide-
integrated MEMS developed by NEye, which promises both high speed and low power 
consumption. There are several more exotic integrated material platforms being developed 
such as Thin Film Lithium Niobate (TFLN – Hyperlight) and Barium Titanate (BTO – 
PsiQuantum, IMEC) that could also be good candidates for PIC-based OCS since they also 
deliver high speed, low loss switching. The integrated MEMS, TFLN and BTO approaches are 
relatively new, but have yet to prove their reliability, yield, and manufacturability at scale. 
Additionally, Lumotive is developing OCS capability using their light controllable 
metasurface (LCM) beam steering also adopted from LiDAR technology. The LCM is still 
free space, so not a planar solution, but provides significant size and power benefits 
compared to existing solutions.  



 

 

Table 2. Optical circuit switching (OCS) technologies. 

 Incumbent Next generation 

Metric Free-space 
MEMS  

Liquid 
Crystal  

SiPho   Chip-scale 
MEMs 

 

Electro-
Optic (e.g. 
TFLN, BTO) 

Controllable 
Metasurface 

 

Architecture Free Space Free Space  Chip-scale Chip-scale  Chip-scale Free Space 

Optical Link Loss Low Moderate Low (incl. SOA) Moderate Moderate Moderate 

Reliability Mechanical, 
proven 
reliability 

Solid state Solid state Moving 
parts, 
unproven 

Solid state Solid state 

Manufacturability 
& Yield 

Low 
(Mechanical 
wear) 

Medium 
(Bulk 
alignment) 

High 
(Statistical 
yield) 

Medium 
(Complex 
fabrication) 

Medium 
(Scaling 
challenges) 

Medium (Bulk 
alignment) 

Size Large (Free 
space) 

Large (Free 
space) 

Compact 
(Chip-scale) 

Compact 
(Chip-scale) 

Compact 
(Chip-scale) 

Compact 
(Free space) 

Cost High High Low Low Low Low 

Switching Speed 100ms 100ms 1 µs –  
100 µs* 

~1µs <1ns  50 µs 

Power 
Consumption 

Medium 
(<1W/port) 

Medium 
(<1W/port) 

Medium 
(<1W/port) 

Low Low Low 

* Voyant achieves < 5µs switching time 

5.3 Case for Integrated Silicon-Native Switching 
Voyant’s switch matrix architectural advantages center on a waveguide-based eƯiciency 
that confines switching operations entirely within the silicon domain. The architecture is 
directly compatible with embedding the switch fabric at the co-packaged optics (CPO) 
layer, forming a reconfigurable fabric for optimizing GPU and memory connections. The 
hard parts are known and are being engineered: thermal budget alongside a switch ASIC, 
fiber attach and port density, testability, and yield at the package level. Embedding the 
fabric inside the CPO layer imposes stricter reliability requirements than an externally 
serviceable switch appliance, which is precisely the bar this platform was built to. 



 

 

6. Conclusion 
Controlling light on chip is a powerful platform: it is set to replace legacy electrical and 
mechanical technologies with solid-state connectivity, enabling systems to manipulate 
information more eƯiciently at the speed of light. Voyant Photonics has built an 
industrialized silicon photonic switching platform that brings solid-state control of light into 
high-volume manufacturing. In physical AI and machine perception, this platform is 
already enabling robust FMCW LiDAR with the speed, stability, and scalability required for 
real-world deployment. Building on that foundation, Voyant is now deploying the same core 
switching fabric into other high-impact domains such as datacenter optical circuit 
switching, where faster reconfiguration and tighter integration can help reduce bottlenecks 
and improve eƯiciency as AI infrastructure scales. 

 

Voyant Photonics: Industrialized light. Proven at scale. 

 

Contact 
Visit us at voyant.AI 

For more information, contact us at info@voyantphotonics.com  

 

 


