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Outline

Â Electronic versus Optical interconnects

Â The OPCB project

Â OPCB University Research Overview

Ç Heriot Watt

Ç Loughborough

Ç UCL

Â System Demonstrator

Optical and Electronic

Interconnects

Backplane

Mezzanine Board (Daughter

Board, Line Card)

Optical Connector
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Copper Tracks versus Optical Waveguides for 

High Bit Rate Interconnects

Â Copper Track

Ç EMI Crosstalk

Ç Loss 

Ç Impedance control to minimize back reflections, additional equalisation, costly 

board material

Â Optical Waveguides

Ç Low loss

Ç Low cost

Ç Low power consumption

Ç Low crosstalk

Ç Low clock skew

Ç WDM gives higher aggregate bit rate

Ç Cannot transmit electrical power
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On-board Platform Applications
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On-board Platform Applications
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The Integrated Optical and Electronic 

Interconnect PCB Manufacturing (OPCB) project

Â Hybrid Optical and Electronic PCB Manufacturing Techniques

Â 8 Industrial and 3 University Partners led by industry end user

Â Multimode waveguides at 10 Gb/s on a 19 inch PCB

Â Project funded by UK Engineering and Physical Sciences Research 

Council (EPSRC) via the Innovative Electronics Manufacturing Research 

Centre (IeMRC) as a Flagship Project

Â 2.9 years into the 3 year, £1.3 million project
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Integration of Optics and Electronics

Â Backplanes

Ç Butt connection of 
ñplug-inò daughter 
cards

Ç In-plane 
interconnection

Â Focus of OPCB project

Â Out-of-plane 
connection

Ç 45 mirrors

Ç Chip to chip 
connection possible
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NPL

Physical measurements

End Users

Xyratex

Network storage

interconnect

BAE Systems

In-flight 

interconnect

Renishaw

Precision

measurement

Loughborough 

University

Laser ablation and

ink-jet printing

of waveguides

Cadence

PCB design

tools and rules

Exxelis

Polymer supply 

and photolithography

Heriot -Watt 

University

Polymer formulation

Supply of laser 

written waveguides

Stevenage Circuits Ltd

Sample PCBs, dry film

CAD conversion, laser work

UCL

Optical modelling

Waveguide design rules

Optical measurements

NPL

Physical Measurements

Dow Corning
Polymer supply 
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ÅSlotted baseplate mounted vertically over translation,

rotation & vertical stages; components held in place with magnets

ÅBy using two opposing 45º beams we minimise the

amount of substrate rotation needed 

Direct Laser-writing Setup: Schematic
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Writing sharply defined features

Gaussian Beam Imaged aperture

Images of the resulting waveguide 
core cross-sections

Beam: ~1.2 mm

ïflat-top, rectangular laser spot

TEM00
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Laser written polymer structures

SEM images of polymer 

structures written using 

imaged 50 µm square 

aperture (chrome on glass)

ÅWriting speed: ~75 µm / s

ÅOptical power: ~100 µW

ÅFlat-top intensity profile

ÅOil immersion

ÅSingle pass

Optical microscope image 

showing end on view of the 

45º surfaces
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Out-of-plane coupling, 

using 45-deg mirror (silver)

Microscope image looking 

down on mirror

coupling light towards camera

OPTICAL INPUT

Waveguide terminated with 45-deg mirror
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Current Results

Laser-writing Parameters:

- Intensity profile: Gaussian

- Optical power: ~8 mW

- Cores written in oil

Polymer:

- Custom multifunctional

acrylate photo-polymer

-Fastest ñeffectiveò writing speed 

to date: 50 mm/s

(Substrate: FR4 with 

polymer undercladding)
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Large Board Processing: Writing

Å 600 x 300 mm travel
Å Requires a minimum of 

700 x 1000 mm space 
on optical bench

Å Height: ~250 mm
Å Mass:
Å 300 mm: 21 kg
Å 600 mm: 33 kg
Å Vacuum tabletop

Å Stationary ñwriting headò with board moved using 

Aerotech sub-µm precision stages

Å Waveguide trajectories produced using CAD program
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The spiral was fabricated using a Gaussian intensity profile at a 

writing speed of 2.5 mm/s on a 10 x 10 cm lower clad FR4 

substrate. Total length of spiral waveguide is ~1.4 m. The spiral 

was upper cladded at both ends for cutting.  

Large Board Processing: Writing



Laser Ablation of Optical Waveguides 
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ÁResearch
Á Straight waveguides

Á 2D & 3D integrated mirrors

ÁApproach
Á Excimer laser ïLoughborough

Á CO2 laser - Loughborough

Á UV Nd:YAG ïStevenage Circuits Ltd

ÁOptical polymer 
Á Truemode® ïExxelis

Á Polysiloxane ïDow Corning

Schematic diagram (side view) showing 

stages in the fabrication of optical 

waveguides by laser ablation

Stage1 : Spin coating of clad and core layers which are 

UV-cured individually. 

Stage2 : Laser ablation of optical layer from the core 
through to clad layer

Stage3 : Deposition of upper cladding

FR-4 substrate 

Lower clad  
Core

Pitch

Clad material
Core

FR-4 substrate 

FR-4 substrate 

Lower clad  



Machining of Optical Polymer with CO2 Laser
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ÁSystem
Á 10 Watt(max.) power CW beam

Á Wavelength = 10.6 µm (infrared)

ÁProcess
Á Thermally-dominated ablation process

ÁMachining quality
Á Curved profile

Á Waveguide fabrication underway

FR4 layer

Ablated profile

Side view of machined trench

Waveguides (side view)Machined trench



UV Nd:YAG machining in collaboration with Stevenage Circuits Ltd

ÁWaveguide of 71 µm x 
79 µm fabricated using 
UV Nd:YAG 

ÁWaveguide detected 
using back lighting

Side view Plan view

ÁSystem
Á 355 nm (UV) Pulsed laser with 60 ns pulse 

width and  Gaussian beam (TEM00) or ñTophatò 

profile at Stevenage Circuits Ltd.

ÁProcess
Á Photochemically-dominated ablation process.

ÁWaveguide quality
Á Minimum Heat Affected Zone

Á Propagation loss measurement underway
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Machining of Optical Polymer with Excimer Laser 

ÁStraight structures machined in an optical polymer.

ÁFuture work to investigate preparation of mirrors for in 

and out of plane bends.

FR-4 layer

Waveguide structureMachined trenches


