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B Interconnects are becoming the bottleneck
* Moore ’s law : complexity of ASIC’'s x 2 every 18 months
* for system performance continue to grow

1 commensurate data handling & interconnect capabilities to be
provided

B Emerging interconnect requirements
* higher throughput x longer transmission distance
* low mass & volume of connectors & cables
* high connector density, low insertion force

 suppression of EMI/EMC, electrical crosstalk issues

* simpler design & routing

back g next
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H Parallel optical links as a generic interconnect

solution

* for both intra- and inter-equipment

B Optical interconnect Equipment A Equipment X
technologies
. Board #1 Board #n
* multi-channel
transmitter/receiver modules ASIC e ASIC| ii ... | | e
° ° ° ° ¢ A ¢ A

* serialisers/deserialisers %E %E\_j @ g
* flexible optical fibre circuits, ... = = == L L L X

H connector] ]
* fibre « shuffles » ’FIexibIe optical fibre cirguit ’7
° mul.l.iple_fibre connec.‘.ors ........................... e T e OO (OO e SO e, FOORURORUONURRRPION:

. . Equipment "o
g flbre rlbbon Cables connector Fibre ribbon cable
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B Commercial component offer
* Transmitter (electrical to optical conversion)
* Receiver (optical to electrical conversion)
* Transceiver
* 12 channels - 72 channels @ 2.5 Gbps
* 850 nm VCSEL Array
* w/ multimode fibres

H but
* Temperature range 0°C-70°C
* Non hermetic module
* Electrical leads not compatible with Space mounting process
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B MCM-C developed by D-Lightsys (F)
* Multichannel Tx (or Rx) module
* Reuse of OSA developed for terrestrial applications
* 850 nm VCSEL, PIN photodiode and graded-index multimode fiber

Optical Silicon optical

Chip-
enc encapsulant / sub-assembly _
glue (2 silicon parts) D-I l l tsys

Fiber cable

igtail
OE chip FR4 PCB LGA / QFN PIgH
CMOS (VCSEL or substrate interconnect pad
electronic dies photodiode)
v
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B Hermetic package
* Multilayer ceramic package with leadframe
* Hermetic fiber feedthrough design

D-Lightsys
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B Space-qualifiable multichannel module
* 12-channel Tx or Rx @ 2.5 Gbit/s
* low power consumption
* extended temperature range
* small-size, hermetic ceramic package

e
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B Testing of the 12-channel Rx

module 1E-02 - — Tx12- Rxl

= Tx12 - Rx2

— TX12 - RX3

° = Tx12 - Rx4

@ 2.5 Gbit/s 1,E-04 - —— Tx12 - RX5

— TX12 - RX7

 using same transmitter 1,E-06 - e

= Tx12 - Rx10

. 08 - Tx12 - Rx11

no Bit Error Rate (BER) floor LEOS — Tx12- Rx12
. | 1,E-10 -

detection threshold (@ 10-2 BER) \

1,E12

< -20 dBm @ 2.5 Gbit/s

Bit Error Rate

1,E-14 ‘ ‘ ‘ | |
low performance distribution (~2 26 24 22 20 18 16

dB)
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B Testing of the 12-channel Tx

0 -12
module ‘/./5%\‘_.
. E -2 /.\0 14 E
- @ 2.5 Gbit/s & .\.\./ g
put T
. . 4 16 2
* using same receiver 3 7
o —
= e
E 6 18 ¢
* output power >-3 dBm @ Y S
s AT g
: =8 AT ] 20 %
* detection threshold (@ 10-°BER) [ (J ‘\? ( O a
< -19 dBm @ 2.5 Gbit/s 10 ' 2
123456 7 8 9101112
* low performance distribution Transmitter channel #
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B Thermal testing of the Tx

module = 4 [ [ ]
A2 O ™8
c
* operation maintained over T° % 2 —o— TX10
range of [-30 ; +80 °C] S ' P
R S —3
* transmit power variation < 1.5 2
dB e 2
C
©
. . . =
* D-Lightsys proprietary algorithm 2

Temperature (T)

detection threshold variation
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B Thermal testing of the Rx
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B Mechanical testing of the Tx & Rx modules
* cumulative shocks (4 levels)
* above standard qualification level

* performed on the 3 axis
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B Mechanical testing of the Tx & Rx modules
* both Tx and Rx are functional after cumulative shocks
* almost no decrease in optical power at Tx module

* detection threshold variation ~ 1dB at Rx module

31 channel 2 3 channel 2
—O— channel 5 —O~— channel 5
2 —@— channel 9 2 —@— channel 9
—O- channel 11 —@— channel 11

Optical power (dBm)
o
Detect. Threshold variationb (dB)
o

'3 T f f ! -3 1 I T 1
initial level1 level2 level3 level 4 initial level 1 level 2 level 3 level 4

shock shock
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B Development of space-qualifiable O/E interface modules

* by D-Lightsys (France), based on modules for harsh
environments (avionics, defence ...)

* 12 x 2.5 Gbit/s : aggregate rate of 30 Gbit/s !
* designed for extended operating temperature range

* hermetic housing

B Testing of space-qualifiable O/E interface modules
* all Tx and Rx channels have similar performance
* Tx and Rx performance maintained over [-30 ; +80 °C]

* Tx and Rx performance maintained after cumulative shocks
above standard qualification level
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