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Copper Tracks versus Optical Waveqguides for
High Bit Rate Interconnects

Copper Track
¢ EMI Crosstalk
¢ Loss

¢ Impedance control to minimize back reflections, additional equalisation, costly
board material

Optical Waveguides

Low loss

Low cost

Low power consumption

Low crosstalk

Low clock skew

WDM gives higher aggregate bit rate
Cannot transmit electrical power
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On-board Platform Applications
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The Integrated Optical and Electronic
Interconnect PCB Manufacturing (OPCB) project

Hybrid Optical and Electronic PCB Manufacturing Techniques
8 Industrial and 3 University Partners led by industry end user
Multimode waveguides at 10 Gb/s on a 19 inch PCB

Project funded by UK Engineering and Physical Sciences Research
Council (EPSRC) via the Innovative Electronics Manufacturing Research
Centre (IeMRC) as a Flagship Project

2.9 years into the 3 year, £1.3 million project



Integration of Optics and Electronics
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Exxelis
Polymer supply
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Direct Laser-writing Setup: Schematic TEWALT
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60 um square aperture Polarisation Beamsplitter

Shutter Half-wave plate —
\ Lens\
He-Cd Laser | :
| SUBSTRATE
325 nm, TEMoo ]
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ASlotted baseplate mounted vertically over translation,

rotation & vertical stages; components held in place with magnets
ABy using two opposing 45° beams we minimise the
amount of substrate rotation needed
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Writing sharply defined features
| flat-top, rectangular laser spot

Gaussian beam
diameter = 1.1 mm

Imaging system / lenses

60 um square
aperture
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“Gaussian Beam  Imaged aperture
OPCB
Images of the resulting waveguide *—r_
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HERIOT

Laser written polymer structures TWATT

e UNIVERSITY

SEM images of polymer  AWriting speed: ~75 pm / s
structures written using ~ AOptical power: ~100 pwW
imaged 50 um square  AFlat-top intensity profile

aperture (chrome on glass) AO_" Immg,r,glgn R
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Optical microscope image
s showing end on view of the

45° surfaces OPCB
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Waveguide terminated with 45-deg mirror

Out-of-plane coupling,
using 45-deg mirror (silver)

Microscope image looking
down on mirror
coupling light towards camera

OPTICAL INPUT




Current Results

Laser-writing Parameters:
- Intensity profile: Gaussian
- Optical power: ~8 mW
- Cores written in oll

Polymer:

- Custom multifunctional
acrylate photgolymer

-Fastest nef f e
to date: 50 mm/s

(Substrate: FR4 with
polymer undercladding)
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n ~B80pmwide = ~100um wide
s ~90pmhigh 3 ~90 pm high

Cores on 250 um pitch
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Large Board Processing: Writing

A Stationary fiwriting heado wi
Aerotech sub-um precision stages
A Waveguide trajectories produced using CAD program
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..... Requires a minimum of
; X /700 x 1000 mm space
N SN BB on optical bench
TN o A Height: ~250 mm
P : Mass:
Y oy A 300 mm: 21 kg
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Large Board Processing: Writing SEWATT
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T
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 OPCB
was upper cladded at both ends for cutting. *—“_
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Laser Ablation of Optical Waveguides

A Research —

A Straight waveguides FR4substrate

A 2D & 3D integrated mirrors _ _

Stagd. : Spin coating of clad and core layers which a

A ApproaCh U\cured individually.

A Excimer laser i Loughborough

A CO, laser - Loughborough

A UV Nd:YAG i Stevenage Circuits Ltd Lower clad
A Optical polymer U

A TruemOde® | EXXElIS Stage : Laser t<':11tr)(ljal:tigohnt(())fC?g;t:ilciz;Iea:yer from the core
A Polysiloxane T Dow Corning

Schematic diagram (side view) showing
stages in the fabrication of optical

waveguides by laser ablation
FRA4 substrate

Stage : Deposition of upper cladding
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Machining of Optical Polymer with CO, Laser

A System |
A 10 Watt(max.) power CW beam : i
A Wavelength = 10.6 pm (infrared) L /y

A Process A
A Thermally-dominated ablation process

A Machining quality Oy
A Curved profile Side view of machined trench
A Waveguide fabrication underway

Mag= 200X

Machined trench Waveguides (side view)
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UV Nd:YAG machining in collaboration with Stevenage Circuits Ltd

A Waveguide of 71 pm x
79 um fabricated using
UV Nd:YAG

A Waveguide detected
using back lighting
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EHT = 5.00 kv
Mag= 450X |—— |

~ Side view
A System

A 355 nm (UV) Pulsed laser with 60 ns pulse
width and Gaussian beam (TEMy,) or A T
profile at Stevenage Circuits Ltd.

A Photochemically-dominated ablation process.

A Wavequide quality
A Minimum Heat Affected Zone

200m EHT = 5.00 kv
Signal A = S Mag = 707 X [ WD = 10 mi
847

Plan view
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A Propagation loss measurement underway
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Machining of Optical Polymer with Excimer Laser

A Straight structures machined in an optical polymer.

A Future work to investigate preparation of mirrors for in
and out of plane bends.

FR-4 layer

Machined trenches Waveguide structure




