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O Research objectives

O Commercial design benefits of optical waveguides

O Optical backplane connection architecture

O Electro-optical backplane design

O Active pluggable optical connector

O Demonstration assembly
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STORAGE SysTEM TRENDS

Data storage systems increasing in complexity, density

and speed
Storage demand increasing Data rates increasing Disk sizes decreasing
0 Manage more storage O Data access speeds: d 35525518 -1
Q Increased complexity J 3GbsSAS—6GbSSAS ) |ncreased system density

U 10 Gb/s Gigabit Ethernet

U 12 Gb/s SAS

(traditional)
Signal

Power
(SATA)
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XYRATEX OrT1icAL RESEARCH AND DEVELOPMENT

Key Research Objectives

O Investigate optical PCB technology

O Identify technology challenges

O Develop optical PCB and connector technology

O Integrate OPCB backplanes into storage systems

O Drive commercial proliferation

Research and Development Overview | Richard Pitwon



Lavyour DEesiGN ADVANTAGES

Splitters (Crossovers

O 1 - n signal power splitters possible U Trace crossovers possible on same layer

Q n determined by loss budget O Different crossover angles possible

Y
Y

Source: IBM Ziirich Source: Exxelis

~ -
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Lavyour DEesiGN ADVANTAGES

Riaht Analed bends (in-nblane Right'/Analed bendsiOGUiEeIEpIane)

QO Avoids minimum bend radius restrictions U Eases optical signal insertion / extraction

O Allows high density routing solutions QU Optical vias possible
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Repuction IN Power CoONSUMPTION

High speed optical signal drivers require less power

0 Comparison of photonic drivers with high speed electronic signal drivers:
= Altera PowerPlay to simulate XAUI interface against
= Current power consumption specs for VCSEL, VCSEL drivers, photodiodes,
TIA/LA

57% power reduction in high speed signal drivers @ 10 Gb/s

Electronic Optical

Signal driver . .
10 Gb/s 8 10 Gb/s data Signal driver

data stream stream

iy —— Ly — ——
~ -
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S1ze AND WEIGHT RebpuctioN iIN Orticar PCBs

PEB thicknessreduction

O Higher density and crossover solutions allow:

» Reduction in PCB layer count

= At least 40% reduction in thickness

Reduce layers
by 40%

I

All electronic
PCB

Research and Development Overview | Richard Pitwon

PCB areareduction

U Increased bandwidth density allows:
= Reduction in functional area of 1/0

= At least 25% reduction in board area

Total size
reduction:
55%

Reduce area
by 250/0

 l

Electro-
optical PCB
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OrticaL BackrLANE CONNECTION ARCHITECTURE

Backplane andlLine Cards Orthogonal

Connector

housing Parallel optical

transceiver

———Copper layers

mmme—— FRA4 layers

Optical layer

Lens

Interface Backplane

~ -
Research and Development Overview | Richard Pitwon @




OrticaL BackrLANE CONNECTION ARCHITECTURE

Butt-coupled connection approach without 90° deflection optics

E LT B
VCSEL array :L:&_zhz& PIN array

N\

— B =

Research and Development Overview | Richard Pitwon 10
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ELectrRO-Opr1icAL BackpPLANE DESIGN
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ELectrRO-Opr1icAL BackpPLANE DESIGN

Electro-Optical Backplane

C)XYRATEX 2007 (%

O Compact PCI architecture

yratex / Candeo Version 10
Optical

O 10 electrical layers for power e © @ © ® }’;’;;’33“"9

and C-PCI bus signals L | -y

& “« @
A e
.

‘B B B OB B N .‘ ®

O 1 optical layer for 10 Gb/s traffic

O 4 optical PCB connector sites

O C-PCl slots for line cards Compact PCI Compact PCI slots | pume
slot for Single for line cards
Board

Computer

Research and Development Overview | Richard Pitwon m 12
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Active PLuccasLe OrricaAL CONNECTOR

Parallel Optical Transceiver Backplane Connector Module
O Small form factor U Automated connector mechanism
0 Quad transceiver O High precision alignment

O 10 Gb/s per channel

O Microcontroller with 12C interface

Spring loaded Samtec field Microcontroller
platform array

connector

13
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Active PLuccasLe OrricaAL CONNECTOR

Engagement process

O Optical transceiver interface floats

O Backplane receptacle “funnels” connector
O Cam followers force optical interface up
O Optical transceiver lens butt-couples to

backplane lens

Undocked

__=ancooe Cames

© RYRATER 2001
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Hicu Sreep SwitcHING LINE CARD

Array connector for
pluggable active optical
connector

XYRATEX 2007
® CANDEO LINE CARD

,l;lq :

et

BAAAA
LERR

SMP connector
sites

:,_l - ", . .
i3 ;:mr.'lll‘. s

SV IV VES 1T VRS

Transceiver
programming port

Compact PCI bus
connector

PCI Bridge
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DEMONSTRATION ASSEMBLY

Electro-optical
backplane

Pluggable optical
backplane connectors

Compact PCI
chassis

High speed switch '_ 7 el 2 _ i
line cards A’ R I = \!
s 'Emm' P

) -

XFP front end

Single board
computer
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DEMONSTRATOR M ANAGEMENT SOFTWARE

GUI control interface

o
Remote log-in l

J Remote admin

O XFP control

4 o

I N T T I o T Seemvas

O Crosspoint switch configuration

Q Full transceiver control (VCSEL/PIN settings)

O Selectable between any line card in system

Research and Development Overview | Richard Pitwon
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OrticaL ResearRcH AND DEVELOPMENT A CTIVITIES

Storlite Project
Academic - industrial collaboration project %‘ ] 77
UK government (DTI) funded R&D initiative — = |
Purpose: Investigation of optical backplane system o 7

connection system and prototype development e /l " 7
Duration:  June 2003 — November 2005 Sradent s S AT 3
Status: Completed pttecom Ml Terminal () Pins
Candeo Project j ,l] " ad 1

Industrial collaboration project

Purpose: Commercialisation of optical backplane (e
connection technology e W

)

Status: Current - = : —

IeMRC OPCB Project

Academic - industrial collaboration project

UK government (IeMRC) supported project

Purpose: Investigation into EOPCB manufacturing
techniques
Status: Current

Research and Development Overview | Richard Pitwon




Aim
O Investigate optical backplane technology
Q Identify key challenges to implementation

O Develop technology solutions

Project Funding

Q Part funded by DTI

Status

Q0 Completed in November 2005

Partners
exx=us R

Research and Development Overview | Richard Pitwon
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IeMRC OPCB Project

Aim
O Investigate multiple methods of fabricating optical waveguides

O Identify most suitable method for mass production of optical PCBs

Project Funding / Status

Q Part funded by IeMRC (EPSRC funding body)

Q Currently Active

Partners

— HERIOT
-xy+atex- ll BAE SYSTEMS IIFTITIT GWATT
srevenase (S Erow i) EXX=US P oughborough

Research and Development Overview | Richard Pitwon
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CanpEeo Project

Aim
0 Commercial development of optical backplane connection technology

0 Based on prototypes developed during DTI LINK project: “Storlite”

O System design and integration of OPCB technology

Project Funding / Status

Q Part funded by Samtec in Industrial Collaboration Agreement

Q Currently Active

Partners

Sam[ec

Research and Development Overview | Richard Pitwon 21



ELectrRO-Or1ic PCB DEevELOPMENT CHAIN

System Integrator /
End user

Design Services
Simulation

Gradient Index
Microlens Array

Technology Enablers

(Ceramic)

Optical
Transceiver

Connector

Electro-Optic
PCB Fabrication

Waveguide / process
Characterisation

Waveguide
Fabrication

Source: Exxelis

Material Sources

22
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XYRATEX PrRESENCE IN ELECTRO-OrT1ic PCB DEVELOPMENT CHAIN

System Integrator /
End user

Design Services
Simulation

Technology Enablers

Optical
Transceiver

Connector

N CNOmMENMN Z -

Electro-Optic
PCB Fabrication

Waveguide / process
Characterisation

meH~="O0H- WU

Waveguide
Fabrication

~~NIMTO RN

Material Sources
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Press ReLeases, PuBLicATIONS AND PATENTS

Press Release

Optical Backplane Technology for Drive Arrays
(5™ January 2006)

Publications \

Design and Application of an Optical Backplane Connection
System
(Tec Preview — DesignCon 2007)

An Optical Backplane Connection System With Pluggable Active
Board Interfaces

(Conference paper — OCSN 2006)

(Xyratex white paper — available)

Pluggable Optical Backplane Connector Technology
(Xyratex white paper — available)

WWW.xyratex.com j
S—

Intellectual Property

11 patents / patent applications relating to optical PCB interconnect,
communication structures and methodologies

24
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Achievements

O SFF pluggable active optical PCB connector prototype constructed:
» Transceiver functional, connector mechanically functional
O Hybrid electro-optical backplane designed and constructed

O Full demonstration assembly constructed:

= Electrically, electronically and mechanically functional

O Software interface designed and functional

Results

O Characterisation results to be available in early 2009

~ -
Research and Development Overview | Richard Pitwon @
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XYrRATEX OpTicaL REsearRcH AND DeveLorMENT GROUP

Dave Milward Ken Hopkins Richard Pitwon
Development Manager Hardware Architect Senior Photonics Engineer
E-mail: dave milward@xyratex.com E-mail: ken hopkins@xyratex.com E-mail: rpitwon@xyratex.com
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