


2

Advances in High Performance 
Optical Circuit Switches

Nick Parsons
nick.parsons@hubersuhner.com 

February 2023 | TOP Conference: Advances in High Performance Optical Circuit Switches | Nick Parsons 



3

About HUBER+SUHNER Polatis

Leading manufacturer of software-defined all-optical switches

Enables transparent network automation directly at the fibre layer

Applications in remote network provisioning, protection, monitoring & test

Global customer base in diverse and demanding markets

Established in Cambridge June 2000, acquired by HUBER+SUHNER in 2016

Strong revenue growth since acquisition

280 staff worldwide; ~100 in UK

Production locations in Krzeszowice (PL) and Changzhou (CN)

Significant investment in assembly automation

New PL facility opening in 2023 to enable 10x capacity scale

Strong links with academia on emerging technologies – SDN, 5G, quantum

Partnered in EU FP7/Horizon projects on advanced optical networks

Acquired Cambridge spin-out ROADMap Systems in May 2021
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May 9–11, 2017  |  Title of Presentation

4Complex networks need automation !

Unstructured Unclean Undocumented

Manual adds, moves, changes don’t scale well…



Optical circuit switching enables software-defined connectivity

Cable once, reconfigure in seconds

Maintain accurate inventory of cross-connects in software 

Create transparent optical paths with speed-of-light data latency

Monitor and protect critical connections 

Enable automated, remote fibre layer provisioning

48x48 LC-HD

384x384 MTP-8
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Optical switching technology spectrum

Robotic

patch panels

Micromechanics

MEMS/Piezo

2D MEMS Integrated

SiPh

Integrated

InP

Reconfiguration time 100+ Seconds Milliseconds Microseconds Microseconds Nanoseconds

Radix 1000+ 384 240 32 8

Loss dB 0.5 1 - 3 6 - 10 6 - 10 0*

Denser                                                                                      Faster    
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Manual fibre 

management systems

L2/L3 OEO switches

Application

Provisioning

Protection Burst/packet switching

Circuit Switching
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A few barriers to widespread adoption

Reliability, reliability, reliability

Design for resilience, availability, maintainability

N+1 protection against system faults

Scalability

Pay as you grow – without the cost of Clos

Delivery, support – on demand, anytime, anywhere

Software integration

Continuing proliferation of management protocols

None explicitly aware of optical circuit switches

Cost

How low do you need to go?
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Direct beam-steering optical switch technology

Integrated position sensor

Digital position feedback

2D piezo actuator

Fibre collimator
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• 96x96 non-blocking switch matrix

• Less than 0.6dB median loss, 1.2dB max

• Enables low loss multi-stage fabrics
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Ultra-transparent optical switch performance

400nm
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576x576 optical switch core

Extending working distance of collimating optics enables larger optical matrix size

Array stretch in 1-D with 16-port slices creates fully-connected 576x576 optical switch

Loss measured across all 331,776 path combinations: 1.4dB median loss; 3.3dB max

Potential to scale to 768x768 and higher with 24-port slice
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…

96x96

384x384

768x768

N Parsons OFC 2019 Th1E4

Median: 1.4dB

3 sigma: 2.4dB

576x576 prototype
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Evolution of datacentre network architectures

Conventional Clos-structured datacentre network, uniform commodity hardware

Point to point optical links; multiple OEO conversions between endpoints

Layer 3 routing; centralised control

Source: Facebook

Facebook 



Apollo: Datacentre-scale optical circuit switching

Direct-connect DC network delivers:

5x greater network speed & capacity

30% lower capex costs

41% better energy-efficiency

50x reduction in network downtime

10,000+ optical circuit switches deployed across Google’s DCN over past decade
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Direct-connect DCN architecture Bidirectional CWDM transceivers 136x136 MEMS optical switch

Poutievski/Google, SIGCOMM 2022 



On-demand optical provisioning of disaggregated resources

www.dReDBox.eu
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Disaggregated Compute Model with network-attached memory

Dynamically Reconfigurable Optical Interconnect

G Zervas et al., OFC 2017; A. Saljoghei et al., OFC 2018 

Error-free 

(1E-12 

BER) 

operation 

for 7 hops

(5-tier 

network)

at 16 Gb/s

February 2023 | TOP Conference: Advances in High Performance Optical Circuit Switches | Nick Parsons 



Optical switching in quantum mesh networks
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https://news.fnal.gov/2023/02/nobel-winning-experiment-enables-fermilab-led-quantum-network/


Quantum-ready optical switch

16x16 optical switch with loss-optimised optics

Terminated in Senko QuPC connectors

Insertion loss 0.35dB median, 0.55dB max

Return loss >60dB

Live quantum networking demo at OFCnet March 2023
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Hardening of optical switches for space photonics

Ruggedised 48-port optical switch prototype

Validated in thermal vacuum, launch vibration and shock environment

No change in connected path loss after 16 grms test

Potential for dynamic connectivity in satellite photonics payloads – but needs rad-hard electronics

16J Anzalachi et al, ICSO 2020; image: TESAT February 2023 | TOP Conference: Advances in High Performance Optical Circuit Switches | Nick Parsons 



Strictly confidential

ROADM Systems Group: next-gen wavelength-selective switches

Spin-out from Cambridge University; acquired by HUBER+SUHNER in 2021

Developing next gen WSS using advanced holographic beam-steering and 4K LCoS panels

Step change in WSS capacity enables increased switching density, spectral bandwidth and functionality 

Potential for novel optical architectures in both multiband single-plane (1xN) and 2-plane (MxN) WSS devices

17

4K LCoS panels 2D beam-steering
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www.6G-flexscale.euFlexibly Scalable Energy Efficient Networking

FLEX-SCALE END-TO-END 6G NETWORKING

• FLEX-SCALE consortium’s research will enable: 
• Optoelectronic interfaces to scale to ≥10 Tb/s 

• Network link capacity to scale ≥1 Pb/s by UWB/SDM 

• ROADM Node throughput to scale to ~tens Pb/s

• SDN control for efficient and dynamic allocation of resources 
across the 6G network



Summary

All-optical switching is now entering mainstream deployments 

From research curiosity to qualified network element

Established workhorse in numerous high-value applications

Still work to do as a community

The perfect high radix optical switch has yet to be found – transparent, low cost and fast

More to do on common software interfaces for true plug & play functionality

Build native optical circuit switch awareness into control/orchestration tools

New opportunities for optical switching in emerging applications 

Disaggregation and topology on-demand in HPC and AI/ML

Quantum mesh networks; photonic payloads for inter-satellite links

SDM/WDM convergence in transport networks – space/wavelength switch integration for ROADM nodes
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Connecting – today and beyond


