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The very near Future

YEAR  Feature Vi Number  Chip  Maxinum  Cock  Total-pins  Aggregate

shipped -minimum  (VOlts) transistors  (mm) Power  chip) Half HF?  (offchip)
1997 250nm ~22 8M 22x22  T70W 300MHz 1100 165 GHz
2001 150nm ~14 16M 25x34 110W 600 MHz
2003 130nm ~13 24M 25x36 130W 700 MHz
expecte
2009 70mtm ~0.8 64M 25x4 170W 12GHz i
2012 50nm ~0.6 100M 25x52 175W 15GHz 5500 4.1 THz d by
BUT Bandwidth down wire(s) 1s limited to B,
AT D1 4/ *
AT DIVDS
A=0.04cm>, L=10cm Bandwidth
Limit<Tbit/s

St S A A A High Performance ASICs: 1997 US SIA Roadmap
1999 180nm ~17 14M 25x32  90W 500MHz 1500 35 THZ I'/O
2006 100nm ~1.1 40M 25x40 160 W 900 MHz
20051
¢.g. an MCM has:
SlillgLnshOsaktas, (J. Par. Dist. Comp. 41, 109 - 114 (1997))




An optoelectronic approach

» Packet-switched Crossbar Interconnect
» Free-space Optical Connection to Silicon chip
» Hardware demonstration of key technologies

» Demonstration of Tbit/s 1/o0 to VLSI
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The SPOEC System Layout

Lens 2
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Assembled Demonstrator

QE-14, Manchester
September 1999




VCSEL Array

%973 » 8x8 array, grown by MOVPE

; » Strained AlGaAs/GaAs/InGaAs

2 975 » 250um pitch, 10 um aperture

m » 2mW, >500Mbit/s, A=967+0.7nm
» Vth=1.4V, Ith=0.7mA, n = 14%

b LLLLLLLLL L L L] I 3.0 . . . . . 3.0
: 9 - 2.5} 12.5
% 2.0 2.0 §
:
............. g 15 {15 @
S =
- e {1.0 =
8 x 8 VCSEL array g oo 1.0 0
(CSEM) B N PCB with VCSEL dri 0 1"
Sapphire substrate wit rivers
SUPELEC A _
(CSEM) ( ) 0-9 2 4 6 s 10 127"

current [mA]
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Integration of VCSELSs with Microlenses

Focused Alignment Spots

Channel / \ Channel

Spacer Ring

400
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300 e ‘. . °.
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3 200
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@
ie) .
_ ( ~ 100 N
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) ing -15 -10 -5 0 5 10 15

Angle (degrees)
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Bulk Optics

Telecentric Image Relay
Custom Designed Lenses
Field Sizes up to 17.5mm
Detectors/Modulators 35um

960nm and 1047nm
10 um, 1 arcmin tolerances Mounting Rings Spacer Rings

vV VY VvV VvV VY

Barrel

£/4 efl=60 SPOEC sjf
after dtn

) e\
| "; ‘ 77 FL::: 4,
O U 7
7 0 7\
\\‘ ; ’JA i @ 75, ) Zi
\“ 7 777}777 / 0777\ \IlN

Element 1 2 3 4 5
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Beam Steering

» Polarising Beamsplitter over 15 degrees at 1047nm
» Polarisation independent reflector at 960nm

» Thin Film Dichroic at 45 degrees on B270
» Sum thick, 27 layers of T10, and S10,

()| R — .
0.8} N
2 ! ' ]
2 06| . L ]
S | Experimental P :
T 04F| Experimental S R P
o | —— Design P . | 1
0.2} | — Design S R

880 920 960 1000 1040 1080 1120
Wavelength (nm)
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Smart Pixels - Silicon CMOS

» 0.6 micron CMOS (AMYS)

» optical clock input

IS =D

| S e » header decoding

Ao I D e o \L » Analogue design

o I A 1 v Ce .

N ! - sensitivity 5 pA

{} bS] (o o

AN : _b e | - optical input ~10 pW
S, D S v » Clock receivers based on

e transconductance-
transimpedance amplifier
Forbes and Walker Electron Lett 34(6) 1998
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Smart Pixels - InGaAs-based devices

n"-contact rail
to modulators

In0.135Ga0.865As p*™*
In0.135Ga0.715A10.15As p*

MQW 95 Periods
In0.23Ga0.77As 8.6nm 1
Ga0.85A10.15As 6.2nm 1

In0.135Ga0.715A10.15As n*

Graded buffer layer

GaAs Substrate (SI)

GaAs to In0.135Ga0.715A10.15As

Isolation trench

Modulator

Detector

QE-14, Manchester
September 1999




Flip-Chip Integration

GaAs substrate

(transparent
R
T - pads
Solder ) . o)
bumps : / g ~ Passivation

layer
Si substrate

CMOS output CMOS input
buffer receiver

Flip-Chip service provided by

Materials Technology
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Demonstrator Experimental Progress

» Demonstrator hardware assembled
»Assembly of Main Chip a week ago
»Early electrical test of chip encouraging
»Rigorous testing 1n progress

»Optical beam alignment in progress
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Summary

»SPOEC - A demonstrator test bed for Tbit/s 1/0 to Si-VLSI
»Leading edge VCSEL, optical and electrical components
» Demonstrator assembled

» Test process begun
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