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Donkere Energie / Donkere 
Massa

The Big Challenges of TechnologyThe Big Challenges of Technology

Westerbork Synthesis Radio Telescope
(WSRT)  - Low Noise Amplifiers

Balanced 4.5-9 GHz Cryogenic LNA

Balanced L-band Cryogenic LNA

20 april 2009 – R.G.B. Halfwerk LappTop

Balanced L-band Cryogenic LNA

Single-ended Cryogenic C-band LNA
.
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Principle of operation 
next generation Radio-telescopes

Receiving array

Physical

delay

Combiner

Receiver

Parabolic

Phased Arrays for SKA TelescopePhased Arrays for SKA Telescope

Innovation for Science and Innovative Business

Artificial delay
Combiner

Output

Parabolic

Reflector

LOFAR ( dipole-antennes )

LOFAR
Low Frequency Array

Worlds largest radio telescope !

LOFAR - WAN characteristics

Unidirectional data transport

No data routing 
216 Gbps to Groningen (6 DVDs/s)

LOFAR Correlator/Supercomputer and storage:

p g ( )

Uses 1 (14 TFlops) of 3 racks
Total capacity: 20 TFlop en 2 PByte

16 stations16 stations

3 3 GbpsGbps per stationper station

LOFAR LOFAR -- armsarms
Intra core distance < 5 kmIntra core distance < 5 km
3 3 -- 6 6 GbpsGbps per stationper station

24 stations24 stations

LOFAR LOFAR -- CoreCore

DIT ISDIT IS

8

Distance to LOFAR core < 120 kmDistance to LOFAR core < 120 km

8 stations8 stations

3 3 GbpsGbps per stationper station

Distance to LOFAR core ~ 1000 kmDistance to LOFAR core ~ 1000 km

LOFAR LOFAR -- internationalinternational

> 81.000 dipole antennas > 81.000 dipole antennas 

in phased array configurationin phased array configuration

DIT IS DIT IS 
INDUSTRIËLE INDUSTRIËLE 
PRODUCTIE!PRODUCTIE!
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LOFAR     =   economische activiteit
 Directe TO bij NDirecte TO bij N--NL bedrijven: 12 MNL bedrijven: 12 M€€

 Competitie !! ( Eu)Competitie !! ( Eu)
LOFAR = Low Frequency Array

Geopend in 2010

-70.000 sensoren High Band

-30.000 sensoren Low Band

-Industrie betrokken vanaf prototype bouw.

E b t di

Ervaring leert: 
vroegtijdige betrokkenheid van MKB geeft grotere 

kans op winnen productietenders

-Europese aanbesteding

-Veel NN industrie betrokken bij de bouw

-Projectomvang ongeveer 70-100 miljoen

-Europese telescoop, export

Square Kilometer Array   (SKA) : 
the 21st Century Radio Telescope
 = 70 MHz – 20 GHz

Low frequencies: Aperture Array

High frequency: Dish with Focal Plane Array

Bandselection
B f i

Antenna Tile

Amplification
Beamforming Antenna Station

g q y y

Location: Australia and Southern Africa

Planned budget: ~1000M€

Innovation for Science and Innovative Business

Amplification
Bandselection
Beamforming
A/D Conversion
RFI mitigation / Calibration

Beamforming
Correlation

Central
Processor

European FP6 program: SKA Design Study (SKADS)
EMBRACE demonstrator is part of the SKADS programme (DS5)
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De weg naar de Square Kilometer Array

“Internationaal scoren met een nationale piek“

SKA = Square Kilometer Array

- 3000 schotel antennes van 15 m dia

- 400 stations van 56 m dia,

± 100 miljoen sensors

± 5 miljoen electronic unitsj

- >1 miljard all in cost (4% NL?  >40 M€)

-100 keer gevoeliger dan huidige radio telescopen

- Europe, Australia, South Africa, a.o.

-Locatie: South Africa en Australia

-Roll out start 2015

-Klaar >2020

SKA, AAVP and Sustainable Society
 PositionPosition SKA as First Green SKA as First Green MegaMega--sciencescience ProjectProject

 Society wants Society wants itit (!,?)(!,?)

E lE l Z C b A t li St ti E Pl (100% bZ C b A t li St ti E Pl (100% b f i 10 )f i 10 ) ExampleExample: : Zero Carbon Australia Stationary Energy Plan (100% carbonZero Carbon Australia Stationary Energy Plan (100% carbon--free in 10yrs)free in 10yrs)

 European Platform of Universities in Energy Research (EPUE)European Platform of Universities in Energy Research (EPUE)

 AAVP AAVP ActivitiesActivities alsoalso focus focus onon

 SustainableSustainable EnergiesEnergies

 Power Power useuse e.g. e.g. SelfSelf--sustainablesustainable AAVP AAVP receptorsreceptors//tilestiles, , lowlow--powerpower processing; green high processing; green high 
performance performance computingcomputing

 MaterialsMaterials e ge g environmentallyenvironmentally friendlyfriendly MaterialsMaterials e.g. e.g. environmentallyenvironmentally friendlyfriendly

 SustainableSustainable energiesenergies involvementinvolvement in in EuropeEurope::

 MediterranianMediterranian EuropeEurope in in particularparticular Spain, Portugal  Spain, Portugal  

 Research Research supportedsupported byby EC/ part of ESFRI EC/ part of ESFRI roadmaproadmap (6 (6 projectsprojects))

 OtherOther countriescountries e.g. e.g. GermanyGermany, , SitingSiting CountriesCountries?, ?, otherother……

 HumanHuman CapitalCapital , ICT , ICT infrastructureinfrastructure, etc. (recent “COST”workshop), etc. (recent “COST”workshop)
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SKA - Industrial & Public R&D
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Another view on the SKA:Another view on the SKA:

A scientific infrastructure of “Smart Antennas”, intelligent, A scientific infrastructure of “Smart Antennas”, intelligent, 
autonomous sensor system, part of a wide area networkautonomous sensor system, part of a wide area network

Themes (Themes (from a wider perspectivefrom a wider perspective):):

--ICT and highICT and high--performance computingperformance computing

--RadioRadio--technology and Embedded systemstechnology and Embedded systems

--Wide area Sensor network Wide area Sensor network 

MicrosystemMicrosystem technologies (technologies (e g MMICe g MMIC))

AvA26012011 Dwingeloo IID_2

processorprocessor

--MicrosystemMicrosystem--technologies (technologies (e.g.MMICe.g.MMIC))

--SupervisorySupervisory-- and System health monitoring systemsand System health monitoring systems

--Sustainable energy generation and distributionSustainable energy generation and distribution

--Green Design & Smart manufacturing en Green Design & Smart manufacturing en --services.services.

EARLY ENGAGEMENT WITH INDUSTRIES
Design for manufacturability (DFM)
UNIBOARD

(Example)(Example)

 A multi-purpose, scalable, high-performance computing platform 
for radio-astronomical applications

 Highest performance currently available for radio astronomy

Credits: Paul Boven (fotos)

This film was taken at the premises of Neways Leeuwarden BV

 8x Altera Stratix IV 40 nm 
FPGA (1288 multipliers, 1517 pins)

 8x 2 DDR3 modules

 4x4 10 GbE links (input)

 4x4 8 bit LVDS    (output)
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SKA-NN Internationaal scoren met een nationale piek

Robuuste lowRobuuste low--powerpower

RF systemenRF systemen

Complexe signaalverwerking (boards)  Complexe signaalverwerking (boards)  
met hoge (productie) kwaliteitmet hoge (productie) kwaliteit

Efficiënte en duurzame integratie, test en Efficiënte en duurzame integratie, test en 
logistieklogistiek

Geavanceerde modelleringGeavanceerde modellering

van complexe gegevensvan complexe gegevens

18

logistieklogistiek

Valorisatie van Technologie 
(Matrix SKA-components v.s. Speerpunten HTSM en FP7/8/HORIZON 2020
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(long range High speed 
datatransfer)

Station Sub-systems:
Lean manufacturing & 
integration

IsiTerra
Neways

Major Electronics

System health
management systems,
Callibratie en validatie

S&T

Open Open forfor newnew contributorscontributors!!!!
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Collaboration:
 R&D collaboration R&D collaboration 

 StimulatingStimulating innovationinnovation support ofsupport of ownown strategystrategy StimulatingStimulating innovationinnovation,  support of ,  support of ownown strategystrategy

 Building clustersBuilding clusters

 ContractsContracts
 All  All  formsforms (remark: EC (remark: EC rulesrules forfor procurementprocurement))

 StrategicStrategic EngagementsEngagements
 LargerLarger conte tconte t

AvA26012011 Dwingeloo IID_2

 LargerLarger contextcontext

 Business and politicsBusiness and politics

 LargerLarger partiesparties involvedinvolved

 Industrial Consortia; Industrial Consortia; ((seesee Dutch Dutch PositionPosition Paper IBM/Siemens/NXP)Paper IBM/Siemens/NXP)

 NL SKA NL SKA RoadmapRoadmap::

 ScientificScientific rolerole (PI of (PI of keykey sciencescience case)case)

 Industrial Industrial participationparticipation in in R&D en R&D en rollroll--outout

CONCLUSIONS

p pp p

 EuropeanEuropean Centre Centre forfor Radio Radio AstronomyAstronomy (@ ASTRON)(@ ASTRON)

 SKA SKA BeyondBeyond ScienceScience

 IndustrialisationIndustrialisation and and economicaleconomical impactimpact

 EducationEducation and and OutreachOutreach ((LissaboaLissaboa agenda)agenda)

SKA Industry Day - CMV 2009/11/25

 SustainabilitySustainability (green (green computingcomputing, low power , low power electronicselectronics))

 AnAn excellent excellent chancechance forfor Dutch / Dutch / EuropeanEuropean communitycommunity: : 
sciencescience, , technologytechnology and businessand business
 International “International “windowwindow” ” forfor ““gettinggetting in in lanelane”  ~1 jr. ”  ~1 jr. 
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Netherlands Institute for Radio AstronomyNetherlands Institute for Radio Astronomy

Contact:Contact:
ASTRON ASTRON TechnologyTechnology Transfer OfficeTransfer Office
Ronald Ronald HalfwerkHalfwerk
Tel +31 521 595 286Tel +31 521 595 286
+31 6 2909 1760 (+31 6 2909 1760 (cellcell phonephone))
Fax +31 521 595 101Fax +31 521 595 101

SMESMEScienceScience

Creating Synergy!

From the edge of the universe to the market placeFrom the edge of the universe to the market place

halfwerk@astron.nlhalfwerk@astron.nl
www.astron.nlwww.astron.nl

Credits (parts of this presentation): Credits (parts of this presentation): KoosKoos KegelKegel, Arnold van , Arnold van ArdenneArdenne, Marco de , Marco de VosVos


