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on-flex

• Conclusions



http://www.intec.ugent.be/IOVDE meeting – Erfurt – March 9, 2004

Optical interconnections: introduction

data transport to/from chip 
increases very fast
=> problems with metallic 
interconnections
• Signal distortion, 
• Cross-talk, 
• Dimensions electrical connectors 

1m 8mil 50Wstripguide 
with GETEK dielectric
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optics is better than 
electrical interconnects in 
terms of

� power dissipation is distance 
independent

� data density: Gbps per mm2 is 
larger

� transmission distance: loss in
fibre is negligible and data rate 
independent

Optical interconnections: introduction
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IO: Consortium

IO (interconnects by Optics) is a European project, co-
funded by the EC, in the framework of the Information 
Society Technology (IST) programme. Contract number 
is IST-2000-28358

The project runs from September 1, 2001, to August 31, 
2004
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IO-project: Technical Approach 
• a complete optical interconnect technology family 
• Optical backpanel, based on POF or glass sheets
• on-chip optical access, two-dimensional arrays
• develop a  complete design methodology
• develop a system demonstrator
• direct opportunities for exploitation

on-chip O/E 
conversion

optical pathway 
over backpanel
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The electro-optical hybrid

Digital CMOS with 
integrated analog
CMOS interface circuits

Through-substrate
emitting VCSEL array,
flip-chip mounted on
the CMOS chip

Through-substrate detector 
array, flip-chip mounted on
the CMOS chip

Next slides:
• the circuit design
• the components
• the hybridisation
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Development of opto components

• 2-D arrays of VCSELs and 
detectors
• through-substrate emitting/
detecting 
• wavelength = 970nm
• ready for flip-chip mounting
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CMOS circuits

Analog receiver 
circuits

Analog driver 
circuits

• analog driver and receiver circuits integrated in a 
digital CMOS technology (no extra masks)

• circuit controlled by JTAG interface

• 0.35um CMOS technology, target speed is 1.25 Gbps 

• power dissipation < 25mW/link
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Progress Overview

Link experiment (evaluation boards)

1.25 Gbps, BER<10-12, ~6 dB loss, Pdis=19.4 mW

RX  eye-diagram

TX eye-diagram
(electrical)
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Full process qualified on dummy CMOS and DTA1 CMOS

HybridizeVCSEL
+ photodiode
chips

Bump CMOS

Underfill

THIN

Antireflective
coating

Dicing + hybridize
Alignment plate

50µm

Main remark : thinning after F/C makes  butt coupling 
possible but doubles the thinning +AR coating operation 
.

bench

bench

PIN 
detector

VCSEL

wafer scale hybridization
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Assembly package

cavity
hybrid

spacer 
placer

Combine hybrid, package and spacer plate 
into one module

� Uses index alignment, based on coordinate 
measurement machine

� UV curing for position-critical joints, and silver 
epoxy adhesive for thermal-critical joints (chip in 
package)
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Mounting spacer plate on ceramic

� INDEX ALIGNMENT: based on measurement of 
coordinates, not based on mechanical contact

� Extend a Coordinate Measurement Machine (CMM) 
with 6-DOF alignment setup

� CMM = Nikon Nexiv, 
measurement accuracy 
is +/-3um

� Then attach using 
UV-curable adhesive

Package on 
(b,g) stage

Spacer plate on 
(X,Y,Z,a) stage

CMM measuring
head
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Status of the work

Parts and pieces are available:

� Chips designed and tested, boards designed and 
available, packaged chip available and tested

� Assembly of boards and optical system is 
ongoing 
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Glass sheet in PCB

2 mm

8 x 8 VCSEL/Receiverdiode
Copper 

2 mm

Four Thinglasslayers

Receiver Array VCSEL Array

• one-dimensional multi-mode 
waveguides in glass sheets (two-
dimensional version will be 
developed)
• light coupling by 45-deg mirrors
• high-temperature --> laminated in 
PCB stack
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Fabrication of waveguides
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Laser

Laser

Light couping
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Requirements for the POF:

Low loss (1dB/m or better)
Small core diameter 

� high-speed (> Gbps) requires small detectors (<50um 
diameter), thus small fibre core

� High-density connectors require small outer diameter 
(<250um)

Mechanically strong 
� small bending radius (<5mm, target is 3mm)

High temperature range 
� CMOS temperature is up to 125deg for high-performance 

chips

� POF stability at >85deg is required

Low-cost, simple handling
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CYTOP POF

� CYTOP POF

� Graded index - NA: 0.18

� Outer diameter: 250 µm

� Core/cladding diameter: 62,5 / 125 µm

PMMAPMMA
coatingcoating

CladdingCladding

CoreCore

CYTOPCYTOP

ØØ 250 250 µµmm

GradedGraded--index profileindex profile
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injection comparison
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CYTOP POF - Characteristics

� Temperature resistance up to 70°C
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Ray-tracing simulations 
� Calculated bending losses and couping losses 

for step-index fibre.
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Best value for core diameter is 50mmmmm

Best value for fibre NA is 0.25

Bending radius must then be at least 3.4mm

Simulation results
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Ribbonisation

Ribbons = first step toward parallelism

Ribbons allow better handling

Aligned ribbons versus non-aligned ribbons
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POF in flex

Organised wiring of POF on a flexible sheets 
avoids spaghetti



http://www.intec.ugent.be/IOVDE meeting – Erfurt – March 9, 2004

Connectors for POF ribbons

• Development of 8x8 connectors
•chip connector
•back-panel connector

• high-precision ferrule with alignment pins 
(pins and pin-distance compatible with MT 
connectors
• Connectorisation technique accepts 
ribbons
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Conclusion

IO is a large project on optical interconnections :

� development of high-performance components 
for 2-dimensional parallel optical interconnections, 
directly integrated on the CMOS
� development of technology demonstrator and a 
system demonstrator

� POF is first choice for optical pathway
� all technologies are developed

For more information, news and latest status of the 
work, visit the IO web site at 
http://www.intec.ugent.be/IO


