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Throughout the past year, C2N has continued its  vation in order to respond to the challenges and
trajectory, once again positioning itself as a lea-  societal issues of tomorrow (health, renewable
ding laboratory in Nanosciences and Nanotech- HQHUJLHV HWF 2XU ODERUDWRU\ WK
nologies, committed to serving science and the IXOO\ GHYHORS LWV UROH LQ-VRFLHW\
DFDGHPLF DQG LQGXVWULDO WeéamHdMattivikes FRaP sut@name\ manner, by
FRPELQLQJ UHVHDUFK DQG HQHUJ\ VD
The highlights presented here are one of its si-
JOQDWXUHYV &RQIJUDWXODWLRQV7KRORQ NDWO® RRXKH FRVYRPDWPK QW RI DOO L'
teams for these remarkable results, which contri- like to acknowledge the daily work, skills and dedi-
EXWH WR & 10V UHSXWDWLRQ catigRoKanGudp@t\é&tvic@d, And the/sRpport of
associate the engineers and technicians of our  our supervisors (CNRS, Université Paris Saclay, Uni-
Nanotechnology Centre and the other three YHUVLWA 3DULV &LWA & 10V IXWXUH (
platforms with these results, as they are es-
VHQWLDO SOD\HUV DQG FRQWULEZXRWROKQ OLRIHWWERV HYSBHANVVP\ JUDWLW X
who have contributed to this edition of «Highlights
This year, 6 of our researchers and professors have - DQG , ZRXOG OLNH WR WKDQN LQ SD
been awarded an ERC grant, which contributes FRPPXQLFDWLRQ WHDP IRU LWV YDOXDE
WR VWUHQJWKHQLQJ RXU LQWHUQDWLRQDO GLPHQVLRQ
‘H ZLVK \RX D SOHDVDQW UHDGLQJ
Numerous successful collaborative projects, Giancarlo Faini
from fundamental research to industrial break- Head of C2N
WKURXJKY DOVR WHVWLI\ WR RAU2@RIQDPLVP 7KH\ LO
lustrate our mission to combine science and inno-

@Claudia Bevilacqua

7KH & 1 ODQDJHPHQW %RDUC
from left to right

Arnaud Bournel , Head of the Nanoelectronics department
Pierre-Yves Joubert +HDG RI WKH OLFUR 6\VWHPV DQG 1DQRELR®X|
Cynthia Vallerand &KLHI ([HFXWLYH 2 "FHU

Jean-Christophe Harmand , Head of the Materials department

Giancarlo Faini , Head of the Unit

Laurent Vivien , Head of the Photonics department
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Piezoelectricity, Energy conversion,
Nanowire

(OHFWURPHFKDQLFDO FRQYHUVLRQ H™ FLHQF\ RI *D1 1
1: VWL2QHVYV WKH 6FKRWWN\ QDQR FRQWDFW DQG WK

7KH SLH]JRHOHFWULF QDQRZLUHV 1:V DUH FRQVLGHUHGHOR SSKRPK \HL
~FLHQW SLH]JRHOHFWULF JHQHUDWRUV (VWDEOLVKLQJ WWHYWHBDWD VD
WKHLU SLHJRHOHFWULF FRQYHUVLRQ SURSHUWLHV LV QFH\HVNVRIZHN HE
GXH WR WKHLU QDQRVFDOH GLPHQVLRQV WKH 1:V DUH F K B UDKFDADHOH.
JLQJ WR LQYHVWLJDWH +HUH ZH XVH DQ DGYDQFHG QDQR FKWRIDF
TXDQWLI\ WKH SLH]JR FRQYHUVLRQ SURSHUWLHV Rl 1:V D[LDOODO'S FRP
SOLHG IRUFH 7KLV XQLTXH WHFKQLTXH DOORZV EMR 2D BVKIH/ R WK
JQDO JHQHUDWLRQ DQG WKH 1: VWL2QHVV DQG WR TXDQWLI\FWHK®E& W
RI *D1 1:V ZKLFK FDQ UHDFK XS WR ‘H KLJKO L JKWH FVKHDGV EW KALR/HF
PDWLRQ RI WKH 6FKRWWN\ QDQR FRQWDFW KDUYHVWLQJ WHKPH®LH]F
VHQVLWLYH WR WKH VXUIDFH FKDUJH H2HFWV VWURQYDL $WRIRXYH
UHVXOWYV FRQVWLWXWH D QHZ EXLOGLQJ EORFN LQ WKH RUP SHRYLH PN

7KH QXPEHU Rl p,QWHUQHW RI| 7KLQRVqQRR7VLIYXKFKDIMWPDW PLFURPHWULF
cro-devices (micro-sensors, small nomad electronic,c, WR D VWURQJ PRGXODWLRQ RI WKHLU
PHGLFDO LPSODQWVf LV FRQVWDQWeé\atRlfg manddcaléHit BERNéllendintgy t& ¥Haracterize
GDLO\ OLIH DQG LQ KLJK WHFK DS S GheselpWipeRi€s\and#tius @QutyDaBe ZdvevtdgadKtHem

critical increase of their associated energy consumption, WR LPSURYH WKH SHUIRUPDQFHV RI WK
but also to improve their condition of use, especially for We use an advanced nano-characterization tool derived

those evolving in environment without electrical grid in- from AFM, developed by colleagues from the Materials
frastructure or with restricted one, the question of their Team at GeePs, to quantify the piezo-conversion proper-
energetic autonomy is today a key worldwide challenge WLHV RI 1:V D[LDOO\ FRPSUHVVHG ZLW
ZLWK VWURQJ HFRQRPLF DQG HQYLURSPHIQMEDORUABHURKV VIRIQVXH WHFKQL®
With the recent miniaturization of the electro- D[LDOO\ WKH 1:V DQG WKHQ HVWDEOL\
nic devices resulting in the reduction of their en- tion between their output signal generation and their

ergy consumption to mW and even puW, and thank GLPHQVLRQV ,W DOVR PDNHV LW SRV
to the micro-nano-fabrication progress, new pers- 1:V VLPLODUO\ WR WKH RQHV LQWHJUD
pectives appear to develop autonomous power sys- Then, we have highlighted the relationship between

WHPVY EDVHG RQ WKH UHQHZDE O HheHNWHdéfbkmalidn LalWcH talv Lpigzb-conversion pro-
Piezoelectric GaN NWs are promising nanostructures for SHUWLHY :H KDYH DOVR GHPRQVWUDW
IDEULFDWLQJ H™ FLHQW SLH]R QD QRRRIK)HEIDIRW VL. VK DRV JR@BEH GULYHQ E\
ability to convert mechanical deformations and vibra- UDFWHULVWLFV RI WKH 1:V 7ZR RWKH
WLRQV LQWR XVDEOH HOHFWULFDO H®@HIOIN F WKDEQ NS/OW R BV KR IXUF LQODAD RIR O H

cale dimensions, their large surface-to-volume ratio and  Schottky nano-contact allowing increasing the pie-

their quasi-lattice perfection, NWs, in comparison with ]JR JHQHUDWHG HQHUJ\ KDUYHVWLQJ D
WKHLU EXON DQG ' - OP FRXQWHUS®UYWFH BH WKIB WXRWMHRH. [HKGDUJH H2 HFW
E\ VXSHULRU PHFKDQLFDO SURS ddadifiand, Vare abl¢ lta) kemdrkabiy eianded the elec-

YLW\ WR DSSOLHG IRUFH KLIKHU S\ WRRHEKBQURFOF FRQF HWYWRQ H™ FLHQ
DQG WKH DSSDULWLRQ Rl QRYHO SURSHUWLHV QRQ H[LVWLQJ

/ \ References

(OHFWURPHFKDQLFDO FRQYHUVLRQ H
1:V FULWLFDO LQ® XHQFH RI WKH 1:
6FKRWWN\ QDQR FRQWDFW DQG WKH
IHFWV

Noelle Gogneau, Pascal Chrétien, Tanbir Sodh,
Laurent Couraud, Laetitia Leroy, Laurent Travers,

-HDQ &KULVWRSKH +DUPDQG )UDQARL
Tchernycheva, and Frédéric Houzéb

Nanoscale, 2022, 14, 4965
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Contact : Noélle Gogneau
noelle.gogneau@c2n.upsaclay.fr



SBLHIRHOHFWULFLW\ 0(06 (SLW

+LJK SLHIRHOHFWULFLW\ LQ HSLWD[LDO %L
) H 2 microcantilevers

SHVHDUFKHUV IURP &1 LQ FROODERUDWLRQ ZLWK FROOHIHXGGN IKRYI
UHSRUWHG WKH - UVW LQYHVWLJDWLRQ RI WKH SLH]RK®HMRPALBEUR WHK\H
WUR PHFKDQLFDO V\VWHP 7KH GHYLFHVY GHPRQVWUDWH ODUJHW HO
RI VWDWH RI WKH DUW SLHJRHOHFWULF FDQWLOHYHUY, D@KOIGLLBY
3E 0J 1E 2 3E7L2 7KLV FRPELQHG ZLWK WKH ORZ GLHOHFWULF FRQV'
FRXOG SRWHQWLDOO\ OHDG WR D UHSODFHPHQW Rih afyntcrédbwcesG SL H

The large switchable ferroelectric polarization and lead- 3/" RQ 6L VXEVWUDWHV,XVLQGU
IUHH FRPSRVLWLRQ R %DM LW D SUREXYHQ@JOD\HUV 7KH - OPV KDYH EHI
candidate as an active material in numerous applica- microcantilevers as prototype device structures for pie-

tions, in particular, in micro-electro-mechanical systems ]JRHOHFWULF DFWXDWLRQ 7KH GHYLFH\
0(06 JRU GHYLFH DSSOLFDWLRQV f2ioaldctric PeSpdRs¥ Mi@h sSrdrbainent polarization of
PDQFH %)2 LV SUHIHUUHG LQ D WKLQ<& GP IRKM HSILWIDQUIE SK)H2L W Y HU\
grown with particular crystalline orientations, showing piezoelectric response with transverse piezoelectric
UREXVW IHUURHOHFWULF DQG SLH]RRBHFWHQW 6 URSHAKILIDY  t&Blegers7 KH 9
JURZWK RI %)2 - OPV RQ 6L VXEVWUS Havger Ele&oruevharicdlQoBridi@anteP (the ratio

portant for the compatibility of the devices with Si— RI FXUYDWXUH HOHFWULF - HOG WKDQ
EHLQJ WKH EDVLV Rl VHPLFRQG XF Wéeléctit ldahtlepdrQiRcludingbWwelR-kndwn PZT (Pb(Zr,-
MEMS, cantilevers using transverse piezoelectric res- 7L 2 DQG WKH K\SHU DFWLY/BNb301s37
SRQVH PRGHV DUH WKH SURWRWASIEGRY|FHDBEUWERXUMAKH SLH]JRHOH
IRU DFWXDWLRQ DQG VHQVLQJ 2QOMEBS lisifaund \té Xi€perd \bn khb feHoeldttric polariza-
FHQWO\ UHSRUWHG WKH LQWHJUDWHiidR @QireRtion%yith an O#3&fvdd @BYymRmdi Qf 53% of

tilevers, and they were all focused on polycrystalline WKH G FRH FLHQW ZLWK WKH YROWD.
%)2 - OPV SDWWHUQHG LQWR PLFURPHWHLY WKHFRNUHAD QR/QOH YAHRXWOG RULJL
7KH SLHIRHOHFWULF UHVSRQVH RI 0006F WDVHCGHRIPFWS IAKDFIKDORXOG SURYLG
%)2 - OPV KDV QRW EHHQ UHSRUWH®RIVR KB W® H[RIHDH S UWD [P FLHQW « L
WKLQ - OPV DWWUDFW FRQVLGHUDEQH DVGWWORQ RY KLY GHYRHKO HDRSNVULF H?
plications because of their often superior properties to further enhance the electromechanical performance

RYHU SRO\FU\VWDOOLQH WKLQ - OPWI ,%¥ KHKGH FIRFHWH ["\AK HW K HUHQWEB WYV VKF
JUDWLRQ RI HSLWD[LDO %)2 LQWR PMO-QWBEDKY WILOMHKYH ORD GGHWKAWULF FRC
investigation of their piezoelectric response particu- mising alternative opens up to develop piezoelectric
ODUO\ DSSHDU WLPHO\ DQG RI WHWMENMERIAR dUrErOindop& &) sbrveptioHal piezoe-

,Q WKLV ZRUN QP WKLFN WELGR S@PAWIL)HRZ PDWHULDOV IURP WKH OHDG
KDYH EHHQ HSLWD[LDOO\ JURZQ E\ SXOVHG ODVHU GHSRVLWLRQ

References
+LJK SLHIRHOHFWULFLW\ LQ HSLWD]JLL
tilevers
Sylvia Matzen, Stéphane Gable, Nathan Lequet, Said
<RXV- .RPDOLND 5DQL 7KRPDV ODUR
$IJQXV +RXVVQ\ %RX\DQ-1 3KLOLSSH
$SSOLHG 3K\VLFV /HWWHUV

\ / '2, KWWSV GRL RUJ

&RQWDFW 6\OYLD ODW]HQ
VIOYLD PDW]JHQ#F Q XSVDFOD\ IU



Photonic integrated circuits, Metamaterial,
Non-linear optics

2ULHQWDWLRQ SDWWHUQHG *DOOLXP 3KRYV
SKLGH D QHZ PDWHULDO SODWIRUP IRU

integrated nonlinear photonics

5HVHDUFKHUV DW & 1 DQG 7KDOAV 57 GHYHORS D QHZ PDWHULDO IRL

Non-linear optics ihave yielded numerous applications in GHYHORSHG RQH VXFK PDWHULDO 21
converting the wavelenght of laser light while preserving *DOOLXP 3KRVSKLGH 23 *D3 8VLQJ D F
LWoV RWKHU TXDQWXP SURSHUWLHWDQWHUJBDWYWFLYDSRYE SURYHQHSLWDI[\ O:
in bring these applictations on photonic-integrated circ- and e-beam lithography, the team created a meta-mate-
WXLWV 'HPRQVWUDWHG FRPSDFW Q RaDdrisistiddiotdonkifs\of Rl@rhating 001 &nd DOAL\Erys-
UHTXLUHV PDWHULDOV WKDW GHPRQW®RODW BUDSIKLFRRWYIHQOQMWRYIHRQV 8VLQJ
ciencies, as a the length of the nonlinear crystal scalesin  QLTXHV WKH GLPHQVLRQV RI 23 *D3 DUF
LQYHUVH SURSRUWLRQ WR WKH VTXDOHYHROR R/ RIQHGLFLISQABPO "W RRLF OD\HUYV
YLQJ KLJK H  FLHQFLHV UHTXLUHV R QatfovkhRth6 tieayrHienfoBstiatde idoBrsidrbof telecom

terial that can be tailored to phase-match the frequen- OLJKW WR YLVLEOH OLJKW ZLWK D2UHFR
FLHVY Rl WKH ZDYHV LQYROYHG LQ WKH QRQOLQHDU LQWHUDFWLRQ

$ WHDP DW & 1 OHDG E\ .RQVWDQWLQRV 3DQW]DV UHFHQWO\

References

&RQWLQXRXV :DYH 6HFRQG +DUPRQLF
2ULHQWDWLRQ 3IDWWHUQHG *DOOLXP
JXLGHY DW 7THOHFRP :DYHOHQJKWYV
.ROQOVWDQWLQRYV 3DQW]DV 6\0YDLQ
Bailly, Raphaél Mandouze, Francesco Rinaldo Talen-

ti, Abdelmounaim Harouri, Bruno Gérard, Grégoire
Beaudoin, Luc Le Gratiet, Gilles Patriarche, Alfredo

'"H 5RVVL <RDQ /AJHU ,VDEHOOH 6DJQ

$&6 3KRWRQLFV
‘2, KWWSV GRL RUJ DFVSKRWR

nics.2c00156

&RQWDFW .RQVWDQWLQRYV 3DQW]DV
NRQVWDQWLQRY SDQW]DV#F Q XSVDFOD\ IU



I1DQRZLUH 9DSRU /LTXLG 6R
Nucleation statistics

4XDVL GHWHUPLQLVWLF QDQRZLUH JURZWK

The vapor-solid-liquid growth of a semiconductor be so low that only a fractional ML can form quasi-ins-
nanowire proceeds via the sequential nucleation and WDQWDQHRXVO\ )XUWKHU SURSDJDWLF
HIWHQVLRQ RI ELDWRPLF PRQROD\HUWKH/VWBI/GWKBDSRWHQSEXAMH DW D VORZI
between the nanowire stem and an apical liquid catalyst SOHWLRQ D UDQGRP ZDLWLQJ WLPH
QDQRGURSOHW &RQWUROOLQJ WKH QHAOWRWILMQQD QRZWH H O/HHIFW LB® UHOD
WR ZLWKLQ 0/ LV FUXFLDO IRU TXDSHUXRVBUIHD OGKNRUBEWVRQ AN QHJIJOLJLE
WXUHV EH WKH\ EDVHG RQ DOWHU Q kwilalie) inGthe® didplieit GiNhulEatid i thénDsCalesRnlith
GL2HUHQW FU\WWWDO VWUXFWXUHV RWWHKHSVYBDFH@®DWNHIDDOLARZWLPH +HQF
ver, the intrinsic randomness of the nucleation process in- WLPH UHTXLUHYVY D ORQJ SURSDJDWLRAQ
GXFHV JURZWK UDWH ® XFWXDWLRQVUZREZWK P/RLRN O/MXWKRRFRQWDNRNOHG E\ H FL
YHU\ WULFN\ ,Q SULQFLSOH RQH P Diating dhdvQhat,JoVdeMédiX natpwive diéhsigpsvand
which, by combining growth and transmission electron growth conditions, such complementarity should be
microscopy, provides an instant feedback that allows one TXDVL SHUIHFW &RPSXWHG GLVWULEX
WR DGMXVW WKH YDSRU ® X[HV 1HY ptapsg&tibnOarnd/ ML eyd@Giin€sJhavel Beekv ¢ompared
FRQGLWLRQV WKDW LQKHUHQWO\ PLRDUWK]BD FFKQDWH GLERWRIPWEBRAY 7KH H
would open the way for tailoring such structures blindly in provide evidence of self-regulation, in that the distribu-
D VWDQGDUG JURZWK VHWXS GHYRLGVRR Q@ HRD OVWH POH PR@QHVRURPRBY LV QDUUR
%\ FRPELQLQJ LQ VLWX H[SHULPH Q WnénRdrelatddrvalibg@ipiopagadidn ¥imes, albeit not
form and growth modelling, researchers at C2N have DV QDUURZ DV H[SHFWHG WKHRUHWLFD
SURJUHVVHG VLJQL-FDQWO\ LQ WK4diW la@gée hhH BUA toRN@ limitEdiim® desotiokl of our
JURZWK RI QDQRZLUHV RI ,,, 9 PDWHHJE B O VP HNKMHV T XINVIKVAIUWE RVYVLEOH H[SH!
JURXS 9 HOHPHQW LQ WKH QDQRGUREOGHWR DWW DX FROIHRWER/XDPMDALRQY DUH F

References

6WDWLVWLFV RI QXFOHDWLRQ DQG JU

PRQROD\HUV LQ QDQRZLUHV 7TRZDUG

UHJLPH

) *ODV ) 3DQFLHUD DQG - & +DUPD

3K\V 6WDWXV 6ROLGL 5DSLG 5HV /HW
\ / ‘2, KWWSYV GRL RUJ SVVuU
Contacts :

Frank Glas : frank.glas@c2n.upsaclay.fr
Federico Panciera : federico.panciera@c2n.upsaclay.fr



+LJK DVSHFW UDWLR PLFUR® XLGLF GHYLFHV
forlongterm L Q Ydulvte Bf 3D tu-
mor models

9DULRXV WXPRU RQ D FKLS PRGHOV RDWHGEGHMR GHYHOREKHGWSKHURLG DSSH

farbutthearchitecture, compositionanddialogue between can only grow horizontally due to the restricted space
cells still need to be more closely reproduced to obtain DYDLODEOH 5DLVLQJ WKH KHLJKW RI
valuable answers to questions related to the spatio-tem- pm promotes more gradual cell growth and migra-

SRUDO HYROXWLRQ RI WKH WXPR Utiéhl. EhamRHQ Yhe LaRa(laBilityQdal spade Lfar spheroid

:H KDYH SURSRVHG D IDEULFDWLRQ SHRRIOWYXWWRQS URKGXFHE\' BEMXVWLQJ WKH
dic devices with adapted aspect ratio for long term culture GHVLIQHG DQG LQYHVWLJDWHG GL2H
RI WXPRU VSKHURLGY 33 OLW KR JU DveKhave\ptoRidedVeK godf DIQcBN¢ept f EHe opportu-

system was applied for the fabrication of a master mold QLW\ IRU WKHLU DSSOLFDWLRQ IRU W3
ZLWK GL2HUHQW KHLJKWYV IRU WKH ™KL GLUR KW MDFEH GWR WHOQYQBOWSSOLFD
DQG IRU WKH VSKHURLG FKDPEHU XisdéptR knowtdeige7 B HovVtkeJ lrhicroenvironment
ODUJH VFDOH PDQXIDFWXUH RI VHULHV RI| &EXRGKH BIHYDOLFHY Q@GN BIRZPHFKDQL
FRVW D YHU\ VLPSOH UHSOLFDWLRQVSXREWVIXQOWHSRRJ\ WHVLVWRDWK DQG |
DOVR SURSRVHG WR SURGXFH PROG EXHVE ORGDRR® RZD BBHIO YXUDBPHARW WKHLU
Then, heterotypic pancreatic cancer tumor spheroids, PDWUL[ GHJUDGDWLRQ FUHDWLRQ RI
XVHG DV D PRGHO RI D WXPRU ZLWK D VWURQJ - EURWLF UHDF

WLRQ KDYH EHHQ ORDGHG DQG FXOWXUHG LQ WKH GHYLFH I

the height of the central chamber is too small and li-

o :

J)LIXUH D 6LGH YLHZ 6(0 LPDJHV RI WZR OD\HUHG PLFUR® XLGLF ,3 4 'PDVWHU PROG ZLWK
WKH AP KLJK FHQWUDO FKDPEHU DQG WKH AP KLJK ODWHUDO FKDQQHOV DQG PDJQL-
FDWLRQ RQ WKH SLOODU VWUXFWXUH E UHSUHVHQWDWLYH LPDJHV RI 3%$1& &8$%) KHWHURW\S
VSKHURLGY FXOWXUHG LQ WKH GHYLFH RYHU D SHULRG RI  GD\V 'D\ LQGLFDWHV WKH GD\ RI VSK
WUDQVIHU YLD WKH SXQFKHG KROH GLDPHWHU PP EODFN ERUGHU LQQHU ULQJ LQ WKH LPDJF

Contact : Anne-Marie Haghiri
anne-marie.haghiri@c2n.upsaclay.fr
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Hydrogen sorption in yttrium-based
JHWWHU WKLQ - OPV

We investigated the sorption of hydrogen by yt- VLRQ K\GURJHQ WHQGV WR DFFXPXODV
trium-based getters for their application to vacuum WUDWH LQWHUIDFH DQG VWDUWYV WR G
wafer-level packaging of microelectromechanical sys- DV ZHOO 7KH GL2HUHQW FRPSRVLWLR!
WHPV 7KLQ DOOR\ -OPV ZHUH FR FRPSRUBDG/HG WRGMHW RXR[\JHQ DQG K\G
WUD KLJK YDFXXP RQ VLOLFRQ ZDIHUV *HWWHUV ZHUH DFWL

vated by annealing during one hour under inert argon 6RPH NLQGV RI 0(06 QHHG YDFXXP WR
DWPRVSKHUH ZLWK WUDFHV RI R[LGLFX@P LYHFRAFRQ W\ WHREHYBG E\ GHSRYV

WXUHV UDQJLQJ IURP <& WR <& L@XUGIH WRPSOBPXXQP SDFNDJH RI WKH
tary techniques of ion beam analysis were performed on PHWDOOLF UHDFWLYH - OP WKDW VRUE
the samples: Rutherford Backscattering Spectrometry EHHQ DQQHDOHG OLNH + 1 2 7KH

5%6 1XFOHDU 5HDFWLRQ $QDO\WL¥WL5% &8QG (ODWMWGEFEWLE 1 ZLWK &(0+7,
FRLO '"HWHFWLRQ $QDO\WVLV (5'$ WRDERDOQWRIVLHHVWD® X®LHG QHZ \WWUL)
gen and hydrogen contents, and their in-depth distri- The investigation reported in this article shows that

EXWLRQV 7KH UHVXOWYV VKRZ WKDW RAHGIHWMRBURFPORVVEBXHGQRQ \WWULX
annealing and prevents or not hydrogen sorption de- JDVHV DW WKH VDPH WLPH LI VSHFL=
SHQGLQJ RQ WKH - OP FRPSRVLWLR®XFPKHDWRIHWWHDVWRRIRWLWLRQ DQG D

YLIXUH 2[\JHQ DQG K\GURJHQ SUR-OHV LQ < =U $0 - OP EHIRUH DQG DIWHU DQQHDOLQJ DW
«& DQG <&

Contact : Johan Moulin
MRKDQ PRXOLQ#F Q SVDFOD\ IU

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N
11



&UHDWLRQ RI WKH )(67,-1 -RLQW /DERUD
WRU\ EHWZHHQ & 1 DQG 0,67,&

7KH & 1 OLFURFDSWHXUV SRXU 'OBQ% LR BAREBR G WHBOPWXUDWLRQ RI 7LWDQL
&RPSRQHQWY KDYH FUHDWHG D MRLQW Q®ERUDWRBUH REKRBPH G VGIOGHE 6\V W,
SRXU ,PSODQWYV 1RYDWHXUV ZLWK WKH VXSHRHD IRAKWKIH QB H QL6 10 W ERHYDH
WLYH WLWDQLXP EDVHG SDFNDJLQJ WKXVUDPIMWLRQIVWRKIHLEBO LRUWQ@ED BHHG L F

This project is part of the development of a break- $Q LQWHQVL-FDWLRQ Rl HPEH-GGHC
WKURXJK WHFKQRORJ\ IRU WKH $,0"' |&onumuhication, W abdL P kemst&® Gridnitoring,  in-
velop and perpetuate the emerging world leadership in creased multiplicity of implanted physiological
WKH ,OH GH )UDQFH UHJLRQ LQ WKHVHDQVRMDW L¥ G & QIGQWRHELIMMWFIVRIXR/Q LQ\
-HOG RI VROLG WLWDQLXP EDVHG P LRadpoMling thériéed €of @ Bery high mihiaturisation of
WHFKQRORJLFDO -HOG ZDV ERUQ -IURP'XOVWRHYROGXHI6 A YGR®PLRUW DQG ULVN
ting constraints in the design and development of active new therapies, and promote gender equality in care

implantable medical devices (pacemakers, neurostimula- - Manufacturability and cost pressure, especially
WRUV LPSODQWDEOH SXPSV RU FRF KO &tBess IoQr&gidnsl YithQds QAsiaPds @filida \What do
with a biocompatible and waterproof but non-functional QRW EHQH-W IURP DGHTXDWH UHLPE.

WLWDQLXP VKHOO 7KLV MRLQW ODERUQMWAR W\FLWY QWKIHHFH IRQUE WHWKQBEBRBJILFL
to manufacture titanium-based MEMS, transferred onto developed to functionalise the purely passive tita-

this shell, thus providing intelligence and eliminating va- QLXP SDFNDJLQJ RI $,0'V LQ RUGHU \
ULRXV OD\HUV RI FRQQHFWLYLW\ DQWH SQBNDBRESRDKIQWRSEHQE RWKHU VH
WKH zZzD\ WR QHZ JHQHUDWLRQV RI ®HW\IIONVDO/ LIWWKLERQGMPWYW DUH LQ WK
To this end, the partners will work on the transposition mm and dimensional constraints are strong, this intel-

of MEMS technologies on silicon substrates to titanium ligent titanium packaging approach is based on a new
substrates in order to elaborate and develop a complete technological vision: transposing silicon MEMS micro-
WHFKQRORJLFDO WRROER][ FRPSDU D fa@ieatidnRtedhKatbghésV ns Hsold  titaKitin,D whigh

LQ VLOLFRQ 0(06 ,Q RUGHU WR EULRRQWWR UW&® HAD WXKH. WQAHZ QVWDUWLQJ V
projection of 1 to 4 years, concepts already studied by  thus producing miniaturised electromechanical com-

the two partners (monolithic implantable feedthroughs, ponents based on titanium This titanium MEMS tech-
LPSODQWDEOH SUHVVXUH VHQVRU @KGORWZRVSQRWQHW DMMMIOBSBEKW/H RU LQ
LQ SODFH PHDQV RI WHVWLQJ VSHFL-F IDWLJXH EHQFKHV DFFH

OHUDWHG VWXG\ RI WKH DJHLQJ RI WAKHH VWRDQW XADHER U B WIRWD FWHMQ@ EHQH -
VDWLRQ PRUSKRORJ\ DQG VXUIDFH BVRD @YWL V& HIQQV B D OWILHKK@RIOIRF\ )DFLOL
terms of reliability and very long term biocompatibility VHW IRU WKH GHYHORSPHQW RI WKH (
These devices will address 3 major issues on which C2N

DQG 0,67,& PHPEHUVY KDYH EHHQ FROODERUDWLQJ VLQFH

4 )

Contact : Elie Lefeuvre

\ / elie.lefeuvre@c2n.upsaclay.fr
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A multi-frequency passive resonator
for the non-contact and non-invasive
monitoring of organic materials

The non-invasive characterization of organic matter is a  of 9 cm outer diameter, featuring 8 concentric single-turn
PDMRU LVVXH LQ PDQ\ - HOGV RI DFM-iesdnatdrs wax dekel@ped O dpdlate i@he/22 MHz to
UH IRRG LQGXVWU\ DQG KHDOWK 7KHOFRESQBZSGIWRLWWEZDMWMDEULFDWHG
being a relevant indicator of the physiological state of WUDWH .DSWRQ DQG DQ HOHFWULFDO
organic matter, especially in the 10s to 100s of MHz, we SURSRVHG 7KH DELOLW\ RI WKH VHQVF
have developed a non-contact RF multi-frequency reso- WKH FRPSOH[ SHUPLWWLYLW\ RI ELRPL
nant sensor, able to monitor the dielectric properties been successfully demonstrated within the 0 to 5 S/m
RI WKH WDUJHWHG RUJDQLF PHGLD ¢oQdugtiRit® ran@eydnd/ they 2D 6 BO pefrittikity range,
ZLUHOHVYV PXOWLIUHTXHQF\ UHVRQ DogéefRés withD jHe abilityQoY BetectlBd local dielectric
sically consists in a set of high sensitivity circular trans-  contrasts within a uniform dielectric media, mimicking a
mission-line LC resonators, arranged in a staggeredand WLVVXH DQRPDO\ VXFK DV D WXPRU RU
PRQROLWKLF FRQ-JXUDWLRQ DQG QGdfisghoifluridening QvenwaKLE-deypPried @ikl Znonito-
ORVV VXEVWUDWH &RQWUROOHG E\ringkHnuRtieRissie aktérdiiorColer Bvinyd Werdaldaper-
monitoring RF probe by inductive coupling, the WMFR  formed, validating the ability of WMFR to detect changes
sensor operates as a multi-resonant transmit and receive  in actual organic matter in a non-contact, non-invasive
antenna, able to distantly monitor the dielectric changes manner with prospects for low cost and online imple-
occurring in the targeted organic material, with both va- PHQWDWLRQYVY $ SDWHQW DSSOLFDWLR
rious investigation frequencies and various penetration Paris Saclay for the WMFR principle in November 2021,
GHSWKV ZLWKLQ WKH PDWWHU ,Q WRRGUD@RWKUN FBSIDWKKQ W ©®,SSOLFDWLRQ
SURMHFW $15 /$%; /ID6,36 PDRBOMOVELRYKH :0)5 DUUD\V LQ -DQXDU!
JUHQFK 1DWLRQDO 5HVHDUFK $JHQF\D 500G A MWWR @ VFRQ WHKMW-RHOG RI DJUL |
WKH 3K ' :RUNV RI $OH[LDQH 3DVT XL phckadifbl ¢f @dsls] & d-Hegkbc@latéd prospects are the

WK ZH KDYH SURSRVHG D SUR RdvdbpnteRt@fFnidrSivadtve tléwWdd such as breast can-
:0)5 VHQVRU ZLWK RXU FROOHDJXHV FURPRABNNISQRZBXQBUKHDOLQJ ZHDUDEC
J\ 3DULV 8QLYHUVLW\ $ )JUHTXHQF\ :0)5 GHPRQVWUDWRU

4 N
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ODJOHWR ,RQLFV LQ $QQHDO
+12 7KLQ )LOPV

7KH PDIJQHWR LRQLF PRGXODWLRQ RDMKA RJWRMRVFKUBYNUNEELOLW\ LV LQI
ORUL\D LQWHUDFWLRQ '0, DQG W-KH ISHH FKHD@QGHNWXD® BED D@ '0, LQGXFHG
WLF DQLVRWURS\ 30% LQ : &R)H% +ddges ihWhe Bamplds Qiipéaled &t G90 °C are perma-

DW GL2HUHQW WHPSHUDWXUHYV D Q GentRwhiley paldialL e@verdibiity I$ Doaly Qhkerved for
WLPHY DUH SUHVHQWHG LQ WKLV ZARKHN VH FCEOHWH PRQGHKDO WG RIW <& IR
RI 30$ DQG '0, LV REVHUYHG LQ WK HlegandeweePod reverbiity @ @osBddwn annealing

390 and 350 °C, whereas no response to voltage is ob- KDV EHHQ DVVRFLDWHG WR WKH LQ®XH!
VHUYHG LQ WKH DV JURZQ VDPSOHWQ NRWQURRBL®LWYW RCOAH UHVXOWYV VK
observed in the samples annealed at 390 °C for 1 h, between the enhancement of the magnetic properties

while PMA is present for all annealing times at tempe- and the magneto-ionic performance could be needed in
UDWXUHV RI DQG <& ODJQHWMIVSMHPSHUWTKNULQBFOXQQHDOLQJ WR G|
ding domain wall velocity improve drastically with in-

creasing the annealing temperature and time, while the

_ g

&RQWDFW /L]D +HUUHUD 'LD]
OL]D KHUUHUD GLH]#F Q XSVDFOD\ IU
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A Memristor-Based Bayesian Machine

$UWL-FLDO LQWHOOLJHQFH LV PDMNIRXUQDMRAERPIURMHWNY WKRDIQLXP RJ[L(
day, but it faces a challenge: its considerable energy VLOLFRQ WUDQVLVWRUV 026)(7V
consumption, which limits its applications and raises cognize a human gesture using thousands of times less en-
HQYLURQPHQWDO LVVXHV W LV QR4 IAHDKOD @ @GMULN BIRRIGR WKD WROXWLRQ
this consumption comes from the separation, in com-  The Bayesian machine implements a Bayesian inference
SXWHUVY EHWZHHQ FDOFXODWLRQ PRGHO®HPRMW\SHXRIFWULWRQYFLDO LQWHOO
$V DUWL-FLDO LQWHOOLJHQFH XVH&HIHS PWDRIQGQ W DW R®D \WWTRRYVYMN ZLGH
a lot of computer memory, which is costly to access in %D\HVLDQ LQIHUHQFH H[FHOV LQ VLWX
WHUPV RI HQHUJ\ 2XU EUDLQV DUHIRXPROWRRG HQBYDLADEOH WKH %D\H\
- FLHQW EHFDXVH WKH PHPRU\ |XQ pafiturR@y/ \welDduited foQtié Hehlir&XidntdGembedded

DV FORVH DV SRVVLEOH WR WKH deRdesHpaisvi RoQitoringQdr W IsiRa@t \sensors for
Memristors are a new memory technology that uses nano- PRQLWRULQJ WKH DJLQJ RI EXLOGLQJV
devices and is integrated at the core of the computation, 7KH QH[W FKDOOHQJH IRU PHPULVWRU
WKXV UHSURGXFLQJ WKH EUDLQoV HIXHQURH HV PHDQURLWWUDWHJIDGDSWLQJ W
$ WHDP LQYROYLQJ WKUHH &156 ODHRUDWRBREBHY &SOQOWWHWKRHWKH HYROXWL
1DQRVFLHQFHV HW GH 1DQRWHFKQRR dhalievige y@i\bevtakanuaDmamohthe PEPR elec-
ULDX[ OLFURAOHFWURQLTXH 1D QRYV FaritQécelafatiBrHor@&)thR YihiGhFains to generate in-
,QVWLWXW GHV VA\VWHPHV LQWH O O L dddadidlsvto ldaseleyadReEgRoMith. ahe kelocale( froduction

/(7, DQG WKH VWDUWXS +DZDL WH F Kprcbs¢e£ iX F@We Dr Edopa Idsihig d&v technological
PDFKLQH- D VPDOO DUWL-FLDO LQWRORXWIH@AM ZHKMKSRHRMHPAW LQYROYHYV
tos 7KH SURWRW\SH SUHVHQWHG LOKWYHXNWXBEHH@ HFRWDWRFQIGFWR WKH WX

&RQWDFW 'DPLHQ 4XHUOLR]
GDPLHQ TXHUOLR]#F Q XSVDFOD\ 11U
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o

Predicting the results of nanoelectro-
QLF H[SHULPHQWY ZLWK 1HXUDO 2UGLQDU\
'L2HUHQWLDO (TXDWLRQV

When designing new electronics technologies, it is essen-  this technique to model a spintronic nanoneuron, with

wLDO WR EH DEOH WR SUHGLFW WKHKLUKUXGCWR SBIHH [BHKL PHRWWYW WKRDW UHV
optimize the technology and design systems that make VXOWLQJ RUGLQDU\ GL2HUHQWLDO HT>
XVH RI LW )RU WKLV SXUSRVH D PDWHG PDHHNAD & IP R{3SHVU RR H/MQRHDO PHDV XU
WHFKQRORJ\ LV QHHGHG (OHFWURQKXMWHKHYRIFMVPROBWXRROID /&KLY ZRUN Z
PRGHOHG E\ RUGLQDU\ GL® HUHQWL DMR HPDXOWLLRAH/ SKK\LIFKD eDW\VWHPY R2 H
be found by analyzing and understanding the under- GHO DQG GHYHORS QHZ WHFKQRORJLH)
O\LQJ SK\WLFV RI WKH WHFKQRORJ\ WKRHZ HUYHHFUWH QWK SW RRIWRHAHWV \RI PDFKLQH ¢
FDQ EH GL FXOW DQG HVSHFLDOO\ ZLWK WKH FRPSOH[ GH

vices emerging from nanotechnology, is far from always 7KLV ZRUN LQYROYHG PXOWLSOH H[SHL
EHLQJ VXFFHVVIXO ,Q WKLV ZRUN ZatlorXpétwéenDededrcYidiOat ChkeLde Mard$§2iences
LQWHOOLJHQFH WHFKQLTXH 1HXUDOW 2GR LQDQRWHFHQORQWIDWY 8QLWA
Equations, to automatically create models of nanoelec- &156 7TKDOHV WKH $OEHUW )HUW %HLI
WURQLF GHYLFHV %DVHG RQ D OLPKWHS XPyEH IRW\PHI)V/BHLYHUVLWA F
PHQWY WKLV WHFKQLTXH FDQ - QG DQ RUGLQDU\ GL2HUHQWLDO

equation able to model the device in all situations wit-

KRXW QHHGLQJ DQ\ SK\VLFDO LQVLJKW )RU H[DPSOH ZH XVHG

&RQWDFW 'DPLHQ 4XHUOLR]
GDPLHQ TXHUOLR]#F Q XSVDFOD\ IU
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,QWHJUDWHG RSWLFV PL
modulator, Silicon photonics

, QWHJUDWHG HOHFWUR RSWLFDO PRGXODWRU
LQ WKH PLG ,5 VSHFWUDO UDQJH

6SHFWURVFRS\ VHQVLQJ LQ WKH PLGNLGIPRGNMGDWRG®E V5 (20D RIIFHUDWLQJ LQ
Y AP ZDYHOHQJWK LV DQ XQDP E LwoXIR MeVesZdntiaMioR séhsitiityd éhancement via syn-
DQG TXDQWLI\ VPDOO WUDFHV RI HQFKURQRMNQ \VGDBW BDRVWMLRRDEE WKH\ DUH H
SRUV +RZHYHU FXUUHQW PLG ,5 GHYISEHW DLWHFRIPSIDG VEDWHGGZLGHVYSUHDG
RQ D IUHH VSDFH FRQ-JXUDWLRQ WREseafctieks FrenP CZNJin EXlabbrationQuieh Politecnico
H[SHQVLYH 7KHUHIRUH WKH RQ FKLIS OLQW A RUDDWLHR 6 [ RH WMLSPHR WD OO\ GHPR
troscopic systems would have a major impact in the de-  integrated electro-optic modulator, based on a graded-in-
YHORSPHQW RI H FLHQW SRUWDEOH;HRG6LZHGHVSWRIQIGFVHIDLOWUIRUP DQG 11U
GHWHFWRUV ,Q SDUWLFXODU WKH SHWHARQIJWKNFBRHVEEIMWHEGDOD (PARGXODWLF
AP DUH RI KLJK LQWHUHVW DV PDWRLPSRARVPOYWHPRQBWXOHYWK D PRGXO
IRU SROOXWLRQ PRQLWRULQJ RU KHMWMRWKFOWUH 7KHVHRJRE@MRUVDOINYH WKH Z
DQHV KDYH VWURQJ DEVRUSWLRQ Onedtt¥ mulmslesuleVonvchib Bt @3 pie BySteéms,
,Q WKLV FRQWH[W WKH GHYHORSPHQRSRUD@M/BJUDWH® KO HEPRQFRHR® PLG L

4 N
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Metamaterial-Engineered Silicon Beam
6SOLWWHU )DEULFDWHG ZLWK "HHS 89 ,PPHU
sion Lithography

6XEZDYHOHQJWK JUDWLQJ 6:* PHWDPDWHULDOV KDYH JDUQHMH G DD
SDELOLW\ WR VKDSH WKH PDWHULDO SURSHUWLHY DQG WKHVBER® SH.
GHYLFHV ZLWK XQSUHFHGHQWHG SHUIRUPDQFH +RZHYHU GUPBIEW/HE
E\ IDEULFDWLRQ FRQVWUDLQWY VXFK DV PLQLPXP IHOWXGHVVIQHV S
RU FRPSURPLVH FRPSDWLELOLW\ ZLWK KLJK YROXPH IDEULFDWLURQ
6:* UHDOL]DWLRQV VR IDU UHOLHG RQ HOHFWURQ EHDP O MKKRWD®
ELOLW\ RI WKH DSSURDFK +HUH ZH UHSRUW WKH H[SHULPHQWDO (
HQJLQHHUHG EHDP VSOLWWHU IDEULFDWHG ZLWK GHHS XOWWDYLRO
OLFRQ RQ LQVXODWRU WHFKQRORJ\ 7KH PHWDPDWHULDO EHDBR WSC
PHDVXUHG EDQGZLGWK H[FHHGLQJ QP FHQWHUHG DW QPRUKH
WKH GHYHORSPHQW RI VFDODEOH VLOLFRQ SKRWRQLF FLUFXIHWUVY QHJ €

6XEZDYHOHQJWK JUDWLQJ 6:* PHWBDADWHUZHD GBIYSPRQWL\DWIBEULFDWLRQ W
periodic arrangements of dielectric structures with a PP 62, ZDIHUV DQG LPPHUVLRQ '89 C
period substantially smaller than the wavelength of the H[SHULPHQWDOO\ GHPRQVWUDWH D EI
SURSDJDWLQJ OLJKW :LWKLQ WKLV Heéanldphttdr bgedton ad BWA-épdinéttet Fulti-mode

tively acts as a homogeneous material whose optical pro- LQWHUIHUHQFH 00, FRXSOHU 7KH G|
SHUWLHY HJ H2HFWLYH LQGH[ G LtMc&heks\0E B0Q nmDaRdsndn®al vhiviviwinRiéature size

are determined by the ensemble of the constituent ma- of 75 nm, well below the resolution capabilities of dry

terials and can be varied by properly designing the geo- '89 OLWKRJUDSK\ :H EHOLHYH WKDW V
PHWU\ RI WKH JUDWLQJ XQLW FHO O phic ddchriiueé \ ®itin&y availanl® ihDcdiiplementary

rials have been successfully implemented in particular in PHWDO R[LGH VHPLFRQGXFWRU &026
silicon photonic waveguides, allowing an unprecedented of fundamental importance to bring the potentialities
FRQWURO RYHU WKH - HOG GLVWULEXWURQUDRWLSHRSPDGBWHRQLWRMULQI W
perties of the guided modes, largely increasing design SORLWDWLRQ 7KLV ZLOO HQDEOH WKF
® H[LELOLW\ FRPSDUHG WR FRQYHQWIRRUPID@QEZBYBHYLGEHY PIRWW REHU WR FKL
the successful demonstrations have so far relied on elec- VSOLWWLQJ SRODUL]IDWLRQ PDQDJHP
WURQ EHDP OLWKRJUDSK\ WKDW R?& MHWU IKQ J K HZU WK VRIORPLVRQIDWSSOLFDW I
WKH H[SHQVH RI D ODUJHO\ UHG XFH GF RI KHIIREXQ K/S X \R PAXNF KFO WALIRDW VHQVLQ
LWV DSSOLFDELOLW\ WR UHVHDUFK RU VPDOO YROXPH SURGXFWLRQV

4 N
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Nonlinear optics and topology,
Solitons

2SWLFDO VROLWRQV FUHDWH D WRSRORJLFDO HGJH
in the bulk of a 1D chain of optical cavities

2SWLFDO VROLWRQV DUH KLJKO\ ORWMHDIP|HGBRERWOH QBN W LMWWXDOWBNVRDO LQ

light, which are named by analogy with solitary waves  studied the non-linear response of a one-dimensional

HQFRXQWHUHG LQ K\GURG\QDPLFV chkaih ofbgticall i2ddiraloks Wnder Zdntidbous laser drive

two teams one from the Phlam laboratory in Lille and VHH - JXUH D 7KHVH FKDLQV FRQVL)\

WKH RWKHU IURP ,QVWLWXW 3DVFDOFDQY L&DIHW RRQYW B UQD@IG DRDYAHWLYH PD

discovered a new family of optical solitons, stabilized DQG RSHUDWLQJ LQ WKH VWURQJ HJ[F

by a continuous laser drive of the system, that enable UHJLPH WKXV OHDGLQJ WR D JLDQW

modifying the topology of a one-dimensional topologi- By imposing a phase frustration via the quasi-resonant

FDO DUUD\ RI VHPLFRQGXFWRU QRQPRQWD Q XARRAWU DM W HHFVWLWBIWLRQ WK

markably, these solitons make possible the generation  to stabilize a new family of dissipative solitons, which

RI DQ RSWLFDO LQWHUIDFH DQ HGJHKIOLYHWXR HXOINY ROWEW QRQWRRIG\HHUY D W
litons inherit the symmetry properties of the lattice,

7RSRORJ\ LV D EUDQFK RI PDWKH P DWhiclF xmakg khernw rabgsDagainst: aenairktgpes of de-

jects independently of their local symmetries (the de- IHFWV 5HPDUNDEO\ WKHVH QHZ VRO

WDLO RI WKHLU VKDSH E\ XVLQJ lJigrRspati@ dswirRA, UnNichHapticakyDdbeaks» the

WHUL]JHG E\ LQWHJHUV FDOOHG WR SRR FH®HFOWYHID QUWHP RVKHMHRQH RI

FRQFHSWV KDYH SURYHQ H[WUDRUGRQWDN\ VHH[SOPUBLEI WKL LV D VWL

deep nature of certain physical phenomena such as the that interactions can be tailored to generate a new

TXDQWXP +DOO H2HFW RI D WZR G LegeQnvtherolb @ thepaitice ang theqafore to induce

trons, in which electrical conduction occurs through D QHZ WRSRORJLFDO HGJH VWDWH DW

edge channels localized at the interface between the WHG ORFDWLRQ IURP WKH SRLQW RI Y

PDWHULDO DQG YDFXXP )DEULFDWL®@YHMB WMKHWIOFWYK\REEQOX\B\VD QHZ - H

WHPV DOORZ H[WHQGLQJ WKH = HO @eg lat\WwhRrpRlairg) the Dapolsgi \of Lap \open  sys-

DQG WDFNOLQJ RQH RI WKH PDMRU H&D @i Hhe Jepticar [drivek H pranpsing ieghrique

LQ® XHQFH RI LQWHUDFWLRQV RQ W the HutieRSURYO ® Jher moolingak propenies of

1RZDGD\V WKH - HOG Rl SKRWRQLFWZPD GH P HQVY LRQDQEOITKRMWRQLF WRSR

FRPELQH WRSRORJ\ DQG QRQ OLQHDU RSWLFV 7KLV LV ZKDW & 1

researchers have just achieved in collaboration with a

4 N
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AXDQWXP OLJKW V
AXDQWXP HQWDQJO!

, QWHUQDWLRQDO WHDP RI VFLHQWLVWYV - QGV
QHZ DQG VLPSOHU ZzD\ WR JHQHUDWH
“quantum light”

An international team, gathering scientists from the Centre for Nanoscience and Nano-
WHFKQRORJ\ WKH ,QVWLWXW 1AHO DQG WKH 8QLYHUVLW\ RI &C
WR JHQHUDWH HQWDQJOHG VWDWHV RI OLJKW 7KLV ZRUN LEW S>

Entanglement is a key resource for quantum techno- JURXQG VWDWH DQG D SKRWRQ HPLWW
logies and most especially for those based on light, VHFRQG ODVHU SXOVH UHYHUWYVY WKH D
where photon entanglement is an essential ingredient H[FLWHG WR WKH JURXQG VWDWH DQG
of many applications ranging from quantum commu- the spontaneous emission process, both two photons
QLFDWLRQV WR TXDQWXP FRPSXWLOQQG 7R SIKRMROW KRPQHREHHQ HPLWWHC
photon entanglement is often cumbersome, requiring OLJKW VKRZV HQWDQJOHPHQW LQ WKH
FRPSOH[ DQG FDUHIXOO\ GHVLJQHG H{BMHLRAHSHVUDL G MG PKYW PBIWH GRQH ZLWK
Here the researchers proposed and demonstrated a new s D VHPLFRQGXFWRU TXDQWXP GRW s
DQG XWWHUO\ VLPSOH ZD\ WR JH Q H Uibai\thlvityl, @ \¥eDic XitatHhas Oded Kihwn, i/ bél pne of

ploits the light-matter entanglement occurring when an WKH EULJKWHVW VLQJOH SKRWRQ VRX
DWRP HPLWV D SKRWRQ ,Q WKH SURSIR VikatdsF kokv Pitthdavidéhtdl DedeRréh, boosted

LV H[FLWHG ZLWK WZR FRQVHFXWLY by Gtara/df-ide-arK @ashhologyWdam lead) 1 We® [is-

VHU SXOVH VHWYVY WKH DWRP RQ LWabvetigs LW physicy \8itDafibH th&tUdA&S Ehaugi@ Jully

WKH DWRP WR HPLW D SKRWRQ YLD WKKQHCGMERQYWRQHBQ@® HASWV\WRIRMHG ORUHR
Half-way through this emission process, the atom-pho- SHUVSHFWLYHVY WR JHQHUDWH PRUH F
WRQ VI\VWHP LV LQ DQ HQWDQJOHG SKRMWRH HWKDW KBIHPWR® WWLOO ZLWK
cited and no photon emitted, or in the atom back to its

4 I
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Spontaneous symmetry breaking, Nanophotonics,
Photonic Crystals

A perfectly symmetric system that ends up
In a non-symmetric state: coupled optical
QDQRFDYLWLHVY XQGHU FRKHUHQW H[FLWDWLRQ

6\PPHWU\ JRYHUQV QDWXUHf EXW IQYRW IDHOZB\@® WRHDFKLHYH WKLV JR
ZD\ ZH H[SHFW $OWKRXJK V\VW H R\towk@QhohR thtel Shensasvities in thin

their initial symmetries in general, sometimes ,QGLXP 3KRVSKLGH PHPEUDQHV ZL
WKH\ PD\ UHIXVH ‘H WKHQ UHIHUTWRQW>XR QMDOQNRXKMYH EHHQ UHDO
symmetry breaking”, as it is the case in mecha- clean-room. Remarkably, such a system operating

nics, hydrodynamics, or even in particle physics. LQ WKH ZHDN FRXSOLQJ UHJLPH DQ

$ WHDP IURP & 1 WRIJHWKHU ZLWKUFRWRDE RYDWKRIZD I WRPEH DFFXUDWH
WKH 1HWKHUODQGY DQG 1HZ =HDbga@d BosePHRIGhEMHVhbBAlY BcGounting for

IRU WKH = UVW WLPH VSRQWDQH Rosdh BdpiFgaNd. ixdraRtiorPin bptidalUattices.

symmetry in coherently driven optical coupled

Symmetries play a fundamental role in physics, and ,QWHJUDWHG QDQRSKRWRQLFV LV DQ R
often give a handle to predict many observed phe- SODWIRUP IRU WKH LPSOHPHQWDWLRQ F
QRPHQD +RZHYHU VRPH V\VWHPVTXDQWERG DNHWKRMRQY WKH ZHOOV DL
VIPPHWU\ VSRQWDQHRXVO\ 7KH Kisigrovided bl I@ht-matBranitekactiBrs (optical nonlinea-
VDOW GHVHUWYV WKH FXULRXV JHRRMWULIZKW RADOQRDIBDNNWR UHDOL]JH V
the convection of air masses in the form of rolls in 66% WKUHVKROGYV ZLWK XOWUDORZ OL.
the atmosphere, phase transitions in ferromagne- this, the engineering of coupled optical nanocavities with
wLVPf 7KHVH DUH VRPH H[DPSOHV,,RO YKPWFR@GXKWRU TXDQWXP ZHOOV .
VLFV LV FDOOHG VSRQWDQHRXYV V\UiRlkhidring naé ority EhN $ti@nhth & 8,%ut also its sign!

2QH RI WKH PRGHO V\WVWHPV XQGH ThR12Q feambitocollaporixidhRvRH_researchers in New

and condensed matter physics is the double well po- Zealand and the Netherlands, demonstrated SSB in a

tential containing interacting bosons, known as the nanophotonic BH dimer, formed by two photonic crys-
p%RVH +XEEDUG %+ GLPHUgq 7KH WDOWHPX SKDHG RINQYRRDYLWLHY XQOLNH
VIPPHWU\ \HW WKH VWHDG\ VWD W HioR by WKG2NERIW iR §Ia5er Boilatipdrrdgime [2], here
UHVSHFW WKLYV VI\PPHWU\ DQG PD\ VW HWH REBQH-EBGC HFIRMOQMHWRRQ LV FRKHUHQ
WKH ZHOOV D VLQJOH VLGH RI WKHOLRHDUR W)\ LPRR BBbPGWR RF.HUU W\SH
cur, the interaction energy U between particles must of the blue-shift nonlinearity of the quantum wells, the ob-
HIFHHG WKH pWXQQHOLQJg HQHUJ\ VEUWYDPKVIDFRO® RZ\D WEKUSDILWFKIRUNg EL
WLFOHV WR MXPS EHWZHHQ WKH ZdfG8Bs oftyguadadtéetMilIRM Such phetoniclmeta-ma-

dely investigated in atomic physics because they en- WHULDOV HQDEOH DUWL-FLDO VLWXDW
DEOH TXDQWXP SKDVH WUDQVLWLRQVYQHHOPGIHQOWFRBO WD WRWPKARWU VXSHUFR!

> @ +DbPHO HW DO 1DW 3KR
> @ *DUELQ HW DO 3t

References

6SRQWDQHRXV 6\PPHWU\ %UHDNLQJ LQ D &R
1DQRSKRWRQLF %RVH +XEEDUG 'LPHU

% *DUELQ $ *LUDOGR . - + 3HWHUV 1 *
6SDNPDQ ) 5DLQHUL $ /HYHQVRQ 6 5 . ¢
NRSI DQG $ 0 <DFRPRWWL

3K\V 5HY /HWW
‘2, KWWSV GRL RUJ 3K\V5H

\ / &RQWDFW $OHMDQGUR *I
DOHMDQGUR JLDFRPRWWL#F Q

21



Room temperature GeSn laser

$ &1 WHDP LQ FROODERUDWLRQ ZLWK &($ *UHQREOH (7, DQ
QLFV SUHVHQWY WKH -UVW URRP WHPSHUDWXUH ODVHU ZLWI
WRU FRPSDWLEOH ZLWK VLOLFRQ IDEULFDWLRQ 7KLWLFOMMRYGUUM

GeSn alloys are the most promising direct band gap se- to enable the removal of interfacial defect, second, to
PLFRQGXFWRUV WR GHPRQVWUDWHLPSQO®RY&HOMKHARRSWWREEOH RQ- QHPHQW
ODVHU LQWHJUDWLRQ ZLWK D PDQ X¢tmfawdtt touéntiandt BpprdaéhXb&sedon as grown
PDWHULDOV $Q LPSRUWDQW PLOHVWREM WHREXBEYV VMWDEGNWHRG DISOLFRQ 7

plications is the ability to operate at room temperature fer from the insulator yields a higher directness of the
57 6R IDU WKH KLJKHVW WHPSHUDBRDXQUGH W \WBKEMXKUG IRUVOKOH/IDWOOR\ DQG |
RSHUDWLRQ ZLWK *H6Q ZHUH . DRlallg tieRwhblE sthictuveHs fadRcatedon an aluminum

WKUHVKROG GHQVLWLHYVY RI VHYHUD®HD VW PR/ LGN URMU EASVURRFHG WKHUPDO FR
IRU WKH - UVW WLPH WKDW URRP WHKSEMIDIPKXHWUHPOIQ VW BREMLYXBEHG LQ 2SW
WR . ODVLQJ FDQ EH REWDLQHG URYWKH WARQUHQ DG BOWIIRSSOLFDWLRQ R
the threshold densities are reduced to few hundreds IUDUHG ODVHUV 7KLV ZRUN KDV EHHQ ¢
RI N: FP 7KLV LV DFKLHYHG LQ PL RaiéGhewienJ E2NRIQRMItR-Pavis-Baclay-CNRS and
EULFDWHG RQ D *H6Q 2Q ,QVXODWR W ($SOIDW1HHR REIOMHW /FRPEQQHS5,* ZLWK 6
strain engineering with a thick layer of high Sn content

*H6Q $V SUHYLRXVO\ GHWDLOHG LQ UHFHQW SXEOLFDWLRQ > @ WKH

PDLQ DVVHWV RI WKLV VSHFL-F ODVHU WHFKQRORJLHY DUH -UVW

> @ % :DQJ HW DO *H6Q2, PLG LQIUDUHG ODVHU WHFKQRORJ\ /LIJKW 6FL

$SSO KWWSV GRL RUJ Y,
>@ $ %YMHODMDF HW DO 8S WR . ODVLQJ ZLWK *H6Q 2Q ,Q
VXODWRU PLFURGLVN UHVRQDWRUV 2SW ([SUHVV
References
8S WR . ODVLQJ ZLWK *H6Q 2Q ,QVX
GLVN UHVRQDWRUV
$ %MHODMDF 0 *URPRY\L ( 6DNDW
S3DWULDUFKH 1 3DXF 9 &DOYR 3 %K
$ &KHOQRNRY 9 5HZERXG 0 )UDXHQ
PDQQ 0 (O .XUGL
2SWLFV ([SUHVV 9RO ,VVXH SS
\\ / '2, GRL RUJ 2(

&RQWDFW ORXVWDID (O .XUGL
moustafa.el-kurdi@c2n.upsaclay.fr
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Coherent emission, Universality class,
2XW RI HTXLOLEULXP FRQ

Coherent light reveals
universal behavior

Universality is a powerful concept in statistical physics  The team of Jacqueline Bloch and Sylvain Ravets at C2N

that allows understanding critical phenomena and des-  generated one-dimensional polariton condensates and
FULELQJ WKHP H2HFWLYHO\ RQ WKH ERPFHE RW KU RKZKI XRSWLFDO LQWHUIH!
PHQWDO LQJUHGLHQWY 6\WWHPV DWEH2 WEDH\EYMWR DWHESRWDOPRIQHUHQFH R
surfaces, frost on a window or modern urban skylines VSHFWDFXODUO\ 4XHQWLQ )RQWDLQH
XQGHU EXLOGLQJ FRQVWUDLQWY Fmwmg-dizoral feidivs la? G2N \ahd atH @bor&ar\of Phy-
FULEHG DV DQ LQWHUIDFH Rl KHLIKWLKVUDWG ZREMBLAWRPERRWGHQVHG 0D\
is governed by the same non-linear stochastic equa- QREOH ZHUH DEOH WR GHPRQVWUDWH
WLRQ QDPHG .DUGDU 3DULVL =KD Qtdlly HriEasDr¥d LaRd) numéisally €alculated datapoints

WHU WKH SK\VLFLVWYV ZKR - UVW @ghieRed briiocGa univerkaD scaling =ur@ that cha-

7KLY YHU\ VLPSOH HTXDWLRQ LV HIWDBWHGLJDW WHKHULFK X SHIHVDOLW\ F
dicts the development of spatio-temporal correlations The numerical simulations carried out at the LPMMC in the

in the interface height: the height observed at time t team of Léonie Canet and Anna Minguzzi were able to re-

DQG SRVLWLRQ [ GHSHQGVY RQ ZKDVS UWDGE/X REWHKUH HGSIBW.PHQWY DQG WKHC
DQG [ 7KXV VHOI VLPLODU VWUXFOWHH X QGHYNWOWVDY GRQQWRPM KLY QHZ V\V
DQG VSDFH ZLWK XQLYHUVDO FULWYBDODHCSRQH®QRAUILBAIQDW IR OQWHUIDFH
GHSHQG RQ WKH GLPHQVLRQDOLW)\GRFDWOKH HKMWHHUHRFHD QIKHA WKH LQWHL
EHDXW\ RI IURVW HPHUJH IURP WKHWODH) FRRE O HRUWUWXHW X8XNVK TWRSRORJLF
An international team of researchers has just demons- WLDOO\ GHVWUR\ .3= FRUUHODWLRQV 7
WUDWHG H[SHULPHQWDOO\ WKDW SKMRWR GLNPRYMWHHPE WIKODM LEHWKH UHJLP
ORQJ WR WKH .3= XQLYHUVDOLW\ FOPSHUDVHHVXORMR WKHERDWWRE B AN UHV
SUHGLFWHG LQ > @ 7KH NQRZ KBfZottiGesQbbcalRéthel KppdaiCaRdl dlisappear in pairs

at the Center for Nanosciences and Nanotechnologies RI RSSRVLWH YRUWLFLWLHYVY DQG WKHL
& 1 KDYH HQDEOHG WR VFXOSW ODWRKNMARURI RSWQV-D@Q RZAMMH®XH IRU WK
YLWLHV LQ VHPLFRQGXFWRU PDWHUDmMGY WKHHHIEDRUEBEWWRMR RISWKH ULFK S
QHO /LIJKW WUDSSHG LQ WKHVH FDYY LKL\ FRXSFO AR WR (HOWWWUR FRE) GHQ\
HIFLWDWLRQV DQG IRUPV K\EULG O Lghgsies BiplidswibtlUout of-Bauilibriaib conderisatés \and
FDOOHG FDYLW\ SRODULWRQV 7KHVIH B\RDPIHIMR GUXDL@® O ARXPWBBWISEWLPL]
massively in the same quantum state and form a cohe- OLG VWDWH ODVHUV )LQDOO\ DOO WKFE
rent collective state called out-of-equilibrium Bose-Eins- UHG WR SUREH H[SHULPHQWDOO\ IRU \
WHLQ FRQGHQVDWH VHH )LJ D WRSFROQUHDODDWKRQEQDYRIODRWXMIRRAILPHQVLRQD
the condensate behaves in time and space as an inter- will be attempted very soon in two-dimensional pola-

IDFH VHH )LJ E DQG REH\V WKH IDRROXWR B=FROGCHYVPWHV@WKDW DUH URX

/ \ > @ .bDUGDU 0 3DULVL * =KDQJ
scaling of growing interfaces, Physical Review
/IHWWHUV

> @ $OWPDQ ( GB6LHEHUHU / 0 &K
7TRQHU - 7ZR GLPHQVLRQDO VXSHUG
polaritons requires strong anisotropy, Physical
S5HYLHZ ;

References

.DUGDUs3DULVLs=KDQJ XQLYHUVDOL
/ VLRQDO SRODULWRQ FRQGHQVDWH
JRQWDLQH 4 6TXL]]JDWR ' %DERX]

1IDWXUH S

1HZV DQG 9LHZV $ QHZ SKDVH IRU
JURZWK RI LQWHUIDFHYV

‘2, GRL RUJ \Y,

Contact : Jacqueline Bloch
MDFTXHOLQH EORFK#F Q XSVDFOD\ IU
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, QWHJUDWHG RSWLFV PLG ,5 R
Silicon photonics

, QWHJUDWHG RSWRHOHFWURQLFYVY GHYLFHYV
RSHUDWLQJ LQ WKH ORQJ ZDYH LQIUD UHG
ZDYHOHQJWK

2SWLFDO VSHFWURVFRS\ LQ WKH PLGGLQIUDUHXRPLW NS GURGIHH KLIVYH EHHQ (
DQ XQDPELJXRXV ZD\ WR GHWHFW HQXlleny&sqQdP high\wpbed opefaGonWidvglbEen tackled,
DQDO\WHYV 7KHUHIRUH PLG ,5 SKRWaRaing Y6 Hdndndirate UIHEHY op&t&ithUin an inte-

tance for many applications in sensing, imaging oreven JUDWHG GHYLFH RSHUDWLQJ IURP WR
WHOHFRPPXQLFDWLRQ $ FKDOOHQJTHed awavwduide-integr&edP ihdidtietedidd has been

,5 VSHFWURVFRS\ DFFHVVLEOH LQ UBRR®RGIVWWIHMNHGCGGURYLWEKHWKHR VW WLPH
GHYHORSPHQW RI FRPSDFW DQG FRVWKHBBOWH Y"H@V RO YWVBRQYVLYLW\ UHD!
7KH GHYHORSPHQW RI PLG ,5 SKRWR#&LbEah dbtaluédXat Yaam edperaiite Xwhich opens
ZLWQHVVHG D EXUVW RI UHVHDUFK DsfRMg. Yerspéctives VibK Hhel ldevelapmént HdD Weam-

,Q WKLV FRQWH[W UHVHDUFKHUV I sPFVW. DQQ MR CFQABERMUDWVMSHEQ URVFRSLF
ZLWK 3ROLWHFQLFR 'L OLODQR KDY HVHQFHKWIRRHIKWD GHWEFHHFMRQRWY RU IRU R
WUDWHG KLJK SHUIRUPDQFH RQ FKLS RSWRHOHFWURQLFYVY GHYLFHYV

First, optical modulator based on free carrier plasma

GLVSHUVLRQ H2HFW LQ JUDGHG 6L*H ZDYHJXLGH HPEHG

/ \ References

[1] 5RRP WHPSHUDWXUH LQWHJUDWHG
EHWZHHQ P DQG P ZDYHOHQJWK
7 + 1 1JX\HQ 1 .RRPSDL 9 7XUSDXG
VLQRYVY %DOOHVWHU - J)ULJHULR 6 &
ELR ; /HS5RX[ -5 &RXGHY\OOH & ¢
%RXYLOOH & $ORQVR 5DPRV [/ 9LYL
Marris-Morini

$GYDQFHG 3KRWRQLFV 5HVHDUFK
‘2, KWWS GRL RUJ DGSU

*+] HOHFWUR RSWLFDO VLOLFRQ 11U
LQ WKH AP ZDYHOHQJWK UDQJH

7+ 1 1JX\HQ 1 .RRPSDL 9 7XUSDXC
VLQRYVY %DOOHVWHU - 3HOWLHU - )U
*LDQL -5 &RXGHY\OOH & 9LOOHED'
$ORQVR 5DPRV / 9LYLHQ * ,VHOOD

2SWLFV ([SUHVV
'2, KWWSV GRL RUJ 2 (

Contact : Delphine Marris-Morini
delphine.morini@c2n.upsaclay.fr
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7TRZDUG LQWHJUDWHG SKRWRQLF V\VWHPYV
for laser beam control

Free-space laser beams are of core importance in many DUUD\V :H XVH WUDQVYHUVDOO\ LQWH
fast-growing technologies, including optical communi- JUDWLQJ QDQRVWUXFWXUHY WR FRQWL
cations, 3D imaging and mapping, interconnects, and DQG D %UDJJ UH® HFWRU LV XVHG DW \
DXJPHQWHG UHDOLW\ +RZHYHU VWWWH @F WHKIHVBUBARWROXKH RHOWLHQF\ DQ
that allow to generate and control such beams typi- ZLGWK 7KH DQWHQQD KDV D FRPSDFW

cally comprise mechanical assemblies, moving parts AP DQG D EURDG IDU -~ HOG EHDP Z
DQG EXON RSWLF FRPSRQHQWYV ,Q WKLV VFHQDULR WKH XVH
of photonics integration to realize and combine on- ,Q WKH VHFRQG ZRUN SDUWLDOO\ VXS

FKLS PLFURQ VFDOH RSWLFDO FRP MREMWQ WY ($DBW DRIOE\RW KM\ (137 (&+ QHYV
huge potentialities for the development of compact D ® DW PHWDVXUIDFH WR UHDOL]H DQ
and lightweight systems but opens the door to unique TXDGUDWLF SKDVH SUR-OH 7KLV W\S
QHZ IXQFWLRQDOLWLHYV HQDEOHG vide\a pQri QireddHImKiQrRtRER bmkiVs undistorted

XSRQ WLOWHG LOOXPLQDWLRQ DQG FD(
+HUH ZH H[SORLW VLOLFRQ QDQRVVRUXAWXUDWDRBG LWR R®H ZRHQVYKRZ WKDW
trate two key building blocks of integrated photonic an aromatic behavior over a bandwidth of more tha 140
VI\VWHP IRU ODVHU EHDP FRQWURO Q8 WKH +EVELQRWNRODQRFRWXFK PHWDC
laboration with National Research Council Canada and nanophotonic antennas could enable the fabrication of
&DUOHWRQ 8QLYHUVLW\ &DQDGD aigh-pdrd@nRricaVintedgtate® ptntdntd $ysiz@ Vor the
to demonstrate a fundamentally new concept of a na- control of free-space laser beams, with promising appli-
QRSKRWRQLF DQWHQQD ZKHUH W K Hcdtbnhs innmdl@sgecteaHiDdps dny freeks@ade optical com-
QHG EH\RQG WKH GL2UDFWLRQ OLPLAXQDFPWR.Q@W EDASHFWR ZKRBFHOHQJIWK
multiple integrated antennas are integrated in large

/ \ References

Paper 1
%URDGEDQG EHKDYLRU RI TXDGUDW L
ZLWK D ZLGH - HOG RI YLHZ

< /LX - =KDQJ : / S5RX[ ( &DVVDQ
ULQL / 9LYLHQ & $ORQVR 5DPRV [
2SW ([SUHVV 2( YRO QR 58
2FW
‘2, 2(
Paper 2
L J +LJKO\ H- FLHQW XOWUD EURDG EHD

QRSKRWRQLF DQWHQQD EDVHG RQ Q
HQJLQHHULQJ

6 .KDMDYL ' OHODWL 3 &KHEHQ -
$ 5DPRV DQG : 1 <H

Sci Rep, vol. 12, no. 1, Art. no. 1, Nov. 2022

'2, \ [

Contact : Daniele Melati
daniele.melati@c2n.upsaclay.fr
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Strong light-matter coupling observed
ZLWK D QDQRVFDOH WKHUPDO WUDQVGXFHU LQ

a single nano-cavity

5HVHDUFKHUV DW & 1 LQ FROODERUDWLRQWLWXWR L WHDOWLIDW\RRG L5RHA
5LFH 8QLYHUVLW\ 86% DQG 8QLYHUVLW\/HHGV 8. KDYHFGOHPRFRSEU WY
QLTXH WKDW SHUPLWV WKH VWXG\ Rl WKH OLIKWYPDWWHG IQDWRED F W\

When it comes to optical characterization of single ob- WKH TXDQWXP ZHOO 7KH GLVVLSDWHG
MHFWV LQ WKH PLG ,5 VSHFWUDO UDIRUP HRES W Q MIRO WHHDNWK SDWD @ @ OCGHFWHG | U
tectors traditionally lack the necessary signal-to-noise GLaXVHV LQWR WKH SRO\PHU WKDW s 1
UDWLR )DU -HOG PHDVXUHPHQWYV- \WORKGDV 7)K H5 HMBMIFWHI RWRIRKFW XUH WKXV
S\ UHTXLUH D UHODWLYHO\ ELJ Q X RiEddtldn,RahdraB AAMFID Qetét@ the Eh@ngky and the-
ZKLOH QHDU -HOG WHFKQLTXHV VXK IRW  1\¥ & P UHMRFRGFH ZKLFK LV DW
\LHOG VRPHWLPHYV QRLV\ UHVXOWY &QWD®H XQIOH BAHXRFIVWBBHFEHKDYHYV DV
WUD s HVSHFLDOO\ ZKHQ VWXG\LQJ FDYLW\ UHVRQDWRUV ZKHUH

WKH =HOGV DUH EXULHG LQVLGH W KdicHRie@MikieP& BlerPbiek o pRARWar-hA&-

s DUH D FKDOOHQJH ZKHQ GHDOLQJ ghlyWake: hiViRQRONHGraksiish Siong oded to

Q WKLV ZRUN DFKLHYHG WKURXJK DyMAH- @WRIW R BWFEHIWANAQPREH RI D VLG
S5LFH 8QLYHUVLW\ 86$ DQG 8 Q LY H UMiledVinter$tibbend pothritondin @iid &ase, thatlngene-
QHDU -HOG DSSURDFK WR RSWLFDOQb & KPP RN &L G FRQ DAUDH® RI KXQG
metal-insulator-metal structures at the single-resonator developed innovative approach has allowed the typical
OHYHO KDV EHHQ LQWURGXFHG 7K HaiktdsQriLcRdPadteksticQok e/ pHdatoWickdispbrSon

sertion of a thin layer of polyethylene, that has a large WR EH LGHQWL-HG LQ WKH FDYLW\ OR
WUDQVSDUHQF\ ZLQGRZ LQ WKH PLG gpWbRUMWRBOWHILBAYHBVLEWWHDG 5
a metal-insulator-metal cavity resonator hosting a semi- WKDW LW LV SRVVLEOH WR PDS WKH -
FRQGXFWRU TXDQWXP ZHOO LQ LWV FRY Ky \ 6 A i RIQCVAMMX PWAEEA® DUH RWKH
H[KLELWV DQ LQWHUVXEEDQG WUD QdchMkeRRAgH? Y& &&hRmoRGappealityPin the THz

When light from a laser source is focused on the sample  yHJLRQ ZKHUH GHWHFWRUV VX2aHU HY
it can be absorbed by the system, due to ohmic dissipa-  and studying optical properties on isolated structures is

tion in the metal structures and electronic transitions in HYHQ PRUH FKDOOHQJLQJ 9DULRXV 9D

References
'"HWHFWLRQ RI 6WURQJ /LIKWsODWWHL
6LQJOH 1DQRFDYLW\ ZLWK D 7KHUPDO
0 ODOHUED 6 6RWJLX $ 6FKLUDWR
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AWARDS

Pascale Senellart, Research Director at C2N, newly elected member
of the French Academy of Sciences, intersection of science appli-
FDWLRQV 6KH ZDV DZDUGHG WKH &156 VLOYH

Frédéric Pierre,
CNRS Silver Medalist 2022

W LV DW WKH PHVRVFRSLF VFDOH LQWHUPHGLDWH

between classical and quantum physics - that

WKH -UVW TXDQWXP EHKDYLRXUV RI PDWWHU DSSHDU
IHUURPDJQHWLVP VXSHUFRQGXFWLYLW\ HWF , W
LV WKLV UHJLPH WKDW )UAGAULF 3LHUUH LV H[SORULQJ

and in particular the foundations of mesosco-

SLF TXDQWXP WUDQVSRUW :KLOH SHUIHFWO\ PDVWH

ring the fundamental concepts, he designs and

manufactures novel electronic circuits at the

nanometre scale that are state-of-the-art for

very low temperature measurements of current

®XFWXDWLRQV

6RPH Rl WKHVH FLUFXLWV DUH VLPLODU WR S®RQ VWP RQ RX A\DKHRTUX/DRW B B O
WKH XQGHUVWDQGLQJ Rl ZKLFK LV IXQGDPHQWDO IRU WKH HQJLQHHULQJ RI

5AP\ %5%,9( ODXUHDW RI WKH |
*UDPRQW f8rlis Wdrk around optomecha-

nics with photonic crystals, in particular the

use of mechanical modes for the generation

of signals with high spectral purity and the de-

tection of weak signals assisted by noise from
SKDVH
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ERC Advanced Grants 2021
-DFTXHOLQH %ORFK ODXUHDWH IRL
32/,6

$1$32/,6 LV DQ LQWHUGLVFLSOLQDL
XV0LQJ SRODULWRQ DUUD\V WR HJ[SC
blems of modern physics: the physics of non-equi-

librium interfaces and their universal scaling laws,
topology in the non-linear regime and quantum
magnetism

@Nora Houguenade

ERC Advanced Grants 2022, Laurent Vivien,
IDXUHDWH IRU WKH &5<3721,7 SURMHFW

The project will focus on the demonstration of ad-

vanced nonlinear and optoelectronic devices on

Si, operating in the near-infrared for the develop-

PHQW RI KLJKO\ HFLHQW DQG EURDGEDQG SKRWRQLF
integrated circuits and it will open new horizons

for research and applications in communications,

VHQVLQJ DQG TXDQWXP SKRWRQLFV

ERC Advanced Grants 2022 , Delphine Mar-
ULV ORULQL /IDXUHDWH IRU WKH

SURMHFW

,Q WKH (/(&7523+27 SURMHFW LQ
with Politecnico Di Milano, we aim at addressing

new routes for high resolution spectroscopic sys-

tems based on dual-comb spectroscopy by deve-
ORSLQJ LQQRYDWLYH IUHTXHQF\ F
C2N technological facility will be heavily involved

LQ WKH SURMHFW 5HQDWHFK QHW?Z
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ERC Consolidator Grants 2022
.RQVWDQWLQRY 3DQW]DV /D-XUHDW
'25% SURMHFW

7KH 3%$1'25% SURMHFW DLPV WR FR
VHDUFK -HOGV ZLWK QXPHURXV DS
QHDU RSWLFVY DQG LQWHJUDWHG St
gence would open up new applications, whether

it be producing low-power optoelectronic chips,

new components for quantum computing or
TXDQWXP FU\SWRJUDSK\

ERC Consolidator Grants 2022
&DUORV $ORQVR 5DPRV /DXUHDWH IRU WKH 635,1*
SURMHFW

Coherent conversion between microwave and op-

tical photons is a promising solution for transfer-

ring quantum states between remote quantum

processors, enabling the development of large-

VFDOH TXDQWXP QHWZRUNV 7KH 635,1* SURMHFW ZLOO
demonstrate quantum state transfer between su-

perconducting qubits, monolithically integrated

in a silicon chip, opening a new avenue for applica-

WLRQV LQ FRPPXQLFDWLRQV VHQVLQJ DQG FRPSXWLQJ

ERC Consolidator Grants 2022
'DQLHO /DQJLOORWL .LPXUD /DXUH
7 5(&6 SURMHFW

Acoustic phonons are generally considered a ma-

MRU VRXUFH RI XQZDQWHG H2HEWYV
toelectronics and quantum technologies based

RQ VROLG VWDWH SODWIRUPV- 7KH
poses a series of tunable nanodevices where
acoustic phonons are a central resource to unveil
frequency conversion phenomena, transfer infor-
PDWLRQ DQG VLPXODWH FRPSOH][ V!
EH VWXGLHG ZLWK RSWLFDO RU HO
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ERC Starting Grant 2021
'DQLHOH OHODWL ODXUHDWH IRU KLV SURMHFW % ($06

The use of laser beams is the key element of many

QH[W JHQHUDWLRQ WHFKQRORJLHVY WKDW DUH FXUUHQWO\ XQ
GHU GHYHORSPHQW DQG WKDW DUH UHFHLYLQJ DQ H[SORGLQJ
interest, such as high-speed optical communications

between moving vehicles, sensing for autonomous

FDU GULYLQJ RU PHGLFDO LPDJLQJ 7KH ZLGHVSUHDG DS
plicability of these technologies is however severely

constraint by the systems that are necessary to gene-

rate, control, and detect laser beams and that today

are realized with big and power hungry devices based

RQ FODVVLFDO RSWLFDO DQG PHFKDQLFDO HOHPHQWV H J
OHQVHV PLUURUV DQG PRWRUV

% ($06 OXOWLOD\HU SKRWRQLF LQWHJUDWLRQ SODWIRUP

IRU IUHH VSDFH RSWLFV LV D PXOWLGLVFLSOLQDU\ SURMHFW
WKDW DLPV DW RYHUFRPLQJ WKHVH OLPLWDWLRQV E\ HJ[
ploiting silicon photonics.

JUDQFHVFR ODQHJDWWL *UDQ6 3UL
WLRQ $ZDUG IRU KLV SURMHFW 1&:

at C2N

7KH H[SORVLRQ RI GDWD H[FKDQJt
,QWHUQHW DQG WKH UDSLG HYROX
DUFKLWHFWXUHV WR VROYH FRPSC(
EOHPVY +LJK 3HUIRUPDQFH &RPSX!
,QWHOOLJHQFH 'HHS /HDUQLQJ UH
lopment of technologies that allow ever higher
transmission rates and computing power while
maintaining energy consumption compatible with
VXVWDLQDEOH GHYHORSPHQW

7KH 1&2',1 SURMHFW DLPV WR-FUHD
QLF VROXWLRQV IRU WKH H[FKDQJlI
RI GDWD ZLWKLQ LQWHJUDWHG FLU!

'DYLG *RQ]%OH] $QGUDGH ODULH &XULH 3RVWGRFWRUDO
JHOORZ DW & 1 IRU WKH 6815,6( SURMHFW

Light technologies have revolutionized society by

providing access to information, promoting sustai-

nable development, and increasing societal health

DQG ZHOO EHLQJ +LJK SHUIRUPDQFH SKRWRQLF LQWH

grated circuits could enable a new revolution, under-

pinning the widespread deployment of light-enabled

applications in sensing, 5G-6G communications, light

GHWHFWLRQ DQG UDQJLQJ PHWURORJ\ DQG TXDQWXP 6L

licon photonics holds the promise for large-scale,

low-cost production of high-performance optoe-

OHFWURQLF FLUFXLWV OHYHUDJLQJ H[LVWLQJ FRPSOHPHQ

WDU\ PHWDO R[LGH VHPLFRQGXFWRU PDQXIDFWXULQJ

LQIUDVWUXFWXUH +RZHYHU DGGUHVVLQJ WKH QHHGV RI

these emerging applications requires developing key 6815,6( 6LOLFRQ EULOORXLQ DVVLVWHG R

bqulng blocks that are not feasible in state-of-the- WRU EDVHG RQ VXEZDYHOHQJWK PHPEUDQ|

DUW VLOLFRQ SKRWRQLFV WHFKQRPRJ SURMHFW WKDW DLPV WR RYHUFRPH
H[SORLWLQJ %ULOORXLQ OLJKW VRXQG LQ
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AWARDS

Fabrice Raineri, nominated for the Jean
-HUSKDJQRQ Bvdrdégd at the
6RFLAWA )UDQADLVH Go2SWLT:

Naimul Hassan, laureate of the Chateaubriand
scholarship

1DLPXO +DVVDQ LV D - IWK \HDU 3K' VWXGHQW LQ (OHF
trical Engineering at the Erik Jonsson School of

(QJLQHHULQJ &RPSXWHU 6FLHQFH DW WKH 8QLYHU
VLW\ RI 7H[DV DW 'DOODV 87'DOODV +LV UHVHDUFK DW
UTDallas focuses on studying the physical proper-

ties of emerging nanoscale devices and designing

circuits and systems for their applications in neu-

URPRUSKLF FRPSXWLQJ DQG QRQ YRODWLOH PHPRU\
Naimul has been awarded the presti-

gious Chateaubriand Fellowship by the

JUHQFK (PEDVV\ LQ WKH B8QLWHG 6WDWHV

The purpose of this fellowship is to conduct collaborative research between the NeuroSpinCompute lab at UT-
'DOODV OHG E\ 'U -RVHSK 6 )ULHGPDQ 1DLPXOOMVIRIR VWHSHDUYEKRIURXGC
&HQWUH IRU 1DQRVFLHQFH DQG 1DQRWHFKQROROWLRE 11DQAREROBY "WUHOQPKHY
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7KH (8 86 7UDGH DQG
Launched in June 2021,

7HFKQRORJ\ &RXQFLO
WKH

the TCC serves as a forum for

7&& POHHWLQJ 3WEBRW 63
(XURSHD8QLRQ

discussion between the United States and
ZLWK WKH DLP Rl FRRUGLOGIFWQRORWUFD®H LVVERH
hosted this second meeting under the French Presidency of the Council of the European Union

& 1 KDV EHHQ LGHQWL-HG DV RQH RI WKH WRUQHK RH YV HHD)EH& O HXT
VLWLRQHG LQ WK H (XURSHDQ 5HVHDUFK $UHD ©BQWUHBKRAQKXULDO

7TKH GHOHJIJDWLRQ OHG E\

WLYH 9LFH 3UHVLGHQWYV ODUJUHWKH 9HVWDJHU
GHU 6HFUHWDU\ IRU (FRQRPLF *URZWK
tor General of the CNRS, Antoine Petit,

*LDQFDUOR )DLQL 'LHDRWR&RPRILVELRQL QR

D GG/ DWHO G'H\G D IRPEH QY

(QHUJ\ DQG YWKGDQQRM]-URQB
President of the University of Paris Saclay, Sylvie Retailleau

& 1oV JOREDO YLVLRQ

IRU VHPLFRQGXFWRUV EZDVHEEVHDYPHGWHG UHFWMDU
Rl WKH 3KRWRQLFV 'HSDUWPHQW "H S X With ‘& Woldus WoR UphdohicsW &H el Qrb-W
QLFV DFWLYLWLHV WR PHHW WKH PDMRU

FKDOOHQGHW XRRQ WRP P W®! EKIU
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Partnership and technology transfer

During this visit, the activities of two start-ups resulting from research work carried out at C2N were also presented

SBUHVHQWDWLRQ RI WKH PLFUR HQHUJ\ VRXUFHV WKDWHHAL®IFBERDNY WWKGE HYHH|
at C2N by Elie Lefeuvre'steam (OLFURG6\VWHPV DQG 1D QR % L R®pattnérshpvvitidtBelrohvgdhid Q W
&DLUGDF

SUHVHQWDWLRQ RI WKH VWDUWXS ,21 ;
around the new generation thrus-
ter technology developed at C2N by
Jacques Gierack that will respond to the
FKDOOHQJHV RI WKH 1HZ6SDFH LQGXVWU\

SUHVHQWDWLRQ E\ 9DOHULL
the quantum computer built by the
VWDUW XS 4XDQGHOD KRVW
VLQFH DQG XVLQJ WKl
single-photon source technology deve-
ORSHG IRU \HDUV E\ VHYHUD

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N
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Forthe second year in arow, C2N welcomed the participants of the Women
LQ %XVLQHVV %(FRPH D /HDGHU SURJUDPPWHKIRBIFHOOHQFH GHVLIQHG E\
YHUVLWA 3DULV 6DFOD\ ZLWK WKH VXSSREDWRIRWKH :RPHQ ,QLWk&OWHPEH YR X
*UHDW PRPHQWYV RI H[FKDQJH ZLWK RXU UHVHDUFKHUV DQG HQJLQHHUYV

9,6,7 )520 7+( 0$1$*(0(17 2) $,5%86 "()(1&( $1' 63$&(

9LVLW IURP WKH PDQDJHPHQW RI $LUEXV 'HIHQFH9B G® BS ORAH7 HPRULF@RH 6 |
,QQRYDWLRQ ,3 6SDFH 6\WWHPV $LUEXV 'HIHQPHR Q5 YIWIHQ DB Q G JKSNUWIDBIR |
PHQW RI LQWHQVH DQG IDVW LRQ VRXUFHM HRWY KILBKRT X B 0D EW\SHFXDOQ\VHRQF
LQ WKH FROODERUDWLRQ RQ WKH GHVLJQ BSDF&HZARISEOYDRQ RBQV RIHPNQZ DV

2FWREHU

,&.02)) 2) 7+( 3%$5,606%&/%< ,17(*5%7(' 0%$7(5,%$/6 ,167,78

7KH 3DULV 6DFOD\ ,QWHJUDWHG ODWHULDOV SHQW.WDXOMH X S O BB VR QMDA XQ
DQ DIWHUQRRQ RI SUHVHQWDWLRQV GHWWODWOK®G W XWKH DR/ WRSWHDY PLWWL
tational Materials Science, Materials Synthesis and Processing, State-of-the-Art Characterization Tools, and the

ODWHULDOV /LIH &\FOH 7KH ,QWHJUDWHEBEL GDWR BDAQV S@VWDW XWMNMGHRPWYV L
FKHUV WR LQWHJUDWH WKHVH WRSLFV DIQ@E. QY SBE &\ QQRW BMLLIR Q@ FSVUHRIMH-FKW
WLRQ PHPEHUV DQG WZR PDQDJHUV RI ,0 WKHKHN GD FH V& 10 OIXQ/GV WKW HL @/ K|
& 1 LQ WKH Y QWHJUDWHG ODWHULDOV ,QVWLWXPPH 7KIHWVOHDXG KB Ol IHRYAH QW (
ULHVY SDUWLFLSDWLQJ LQ WKH ,QVWLWXWH WGCFRRFPRDEGOQ VIV U DY 6 DF-COWDW @Ik
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C2N received a visit from the Déléga-
WLRQ 4XAEHF 4XDQWLTXH DV
VWUDWHJILF PLVVLRQ LQ )UDQ
of the visit to France was to establish
research and innovation collaborations

with European scientists developing ac-
WLYLWLHYV LQ WKH TXDQW)>
2021, the French Presidency announced

the national strategy on quantum
WHFKQRORJLHYVY DW & 1 WKHX
the positioning of our laboratory as

RQH RI WKH PDMRU SOD\HUV

June 2022

),567 /,9( 6&,(17,),& 675($0 )520 $ &/($1 5220

ARTE's  Scope programme (in partnership  with  the
&156 ZDV OLYH IURP & 1 DQG EURDGFDVW RQ 7TZLWFK
We are honoured to have shared this live broadcast with
$ODLQ $VSHFW ODXUHDW RI WKH -1REHO 3UL]JH LQ , 3K\

sics, and also delighted to have opened the doors of our HFHPEHU
FOHDQ URRP H[FOXVLYHO\ IRU WKLV KLJK TXDOLW\ VFLHQWL-F VWUHL
$Q H[FLWLQJ LPPHUVLRQ LQWR WKH KHDUW RI TXDQWXP SK\VLFV

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N
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& 1 UHSUHVHQWHG E\ *LDQFDUOR )DLQL 'LWHKEWRYDROHWRK GSQEMFUHBYG
FRPSDQLHG E\ %HQREW %AOLHU 7HFKQLFDOQQ@EWMBWRRQRLQWEBHFBRDMN)RBU
ORJLHV 3,0(17 DWWHQGHG WKH LQDXJXUDWLRQ RUJWRMW L, & KLEVISUR
SRUWHG E\ DQ LQWHUQDWLRQDO FROODERKE®DWIRRORI ,UHODERU DSV R 8B B VD
$PRQJ WKHP & 1 KDV EHHQ D ORQJ VWDQGLQJ SDW\QBHU RI WHH GSi3 & HDRVGRW |
HTXLS WKH 48%,& WHOHVFRSH DUH WKHAKUBI@ & OMH RK Q R\GIRILF RO GHIWHHIDIR S P H

2FWREHU

48%,& ERORPHWULF GHWHFWRU DUUD\ 1E6L WKHU
PRPHWHUV VXVSHQGHG RQ LQGLYLGXDO VLOLFRQ QLWULGH
JULGY UHDOL]HG LQ WKH & 1 WHFKQRORJ\ FHQWHU

& 1 25*$1,6(" 7+( 7+ O$1' /$670 &2//248,80 2) 7+( *'5 ,4

The conference covered the latest developments in quantum en-

JLQHHULQJ VWUXFWXUHG DFFRUGLQJ WR WKH NH\ WKHPHV RI WKH ,4)%
JXQGDPHQWDO AXDQWXP $VSHFWYV AXDQWXP FRPPXQLFD

WLRQ DQG FU\SWRJUDSK\ 4AXDQWXP 'HWHFWLRQ DQG OHWUROR

J\ AXDQWXP 6LPXODWLRQ 4XDQWXP SURFHVVLQJ D0 JRB Y WKEHM
and computing, Cross-disciplinary engineering and methods

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N
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7KLV GD\ VFLHQWL-F ZRUNVKRS FRYHUHGLQ®® SHKHFRWRQDRYJIHD RG WRBHEYV

sh an international synergy around C2N, which hosts one of the Ilargest European research de-

SDUWPHQWY LQ SKRWRQLFV DQRG WR EULQJ WRMHDKHKHWKHLQP RWW!

The event also aimed to promote
NQRZOHGJH WUDQVIHU EH
UHQW EUDQFKHV RI SKRW
signed to provide an international forum
where leading researchers from around
the world presented and discussed their

ODWHVW UHVXOWYVY DQG [IXW>

During the conference, we were
delighted to welcome Alain  As-

SHFW 1REHO 3UL]JH LQ 3K\V

ODUFK
7+( & 1 &21/248,% :(5( %$&.
7KH & 1 FROORTXLD ZHUH EDFN *UHDW -UVW &1 FROOR

quium by Jacqueline Bloch (CNRS Senior researcher at C2N,
CNRS Silver Medal 2017, Academie des Sciences Member
4AXDQWXP ® XLGV RI OLJKW LQ VHPLFRQGXFWRU ODWWLFHV

6HSWHPEHU

HIGHLIGHTS 2022 - CENTRE DE NANOSCIENCES ET DE NANOTECHNOLOGIES - C2N
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7R DFFHVV RXU IDFLOLWLHYV

- To send a request via the RENATECH website
KWWSV SURMHWY UHQDWHFK RUJ

&RQWDFW GLUHFWO\ WKH 7THFKQROF
H PDLO UHQDWHFK#F Q XSVDFOD\ IL
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&EDWKRGROXPLQHVFHQFH &:
D *D$V %H 1I1DQR:LUHV
E 1RUPDOLVHG LQWHJUD

F +ROH FRQFHQWUDWLRQ PD
3K\V 5HY $SSOLHG
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6LQJOH ORFDOLVH] JUDSK|
Focused ion beam irradiation
,167580(17%7,21 $1' ,21 6285&(6
3/$7)250 32(0 3%$1%0 3,0(17

6HOHFWLYH *URZWK RI JUDSKHQH - OPV RQ
gallium-focused ion beam irradiated
domains

Graphene, a single layer of carbon atoms tightly bound in EHU WR DFKLHYH KLJK TXDOLW\ JUDSK
D KH[DJRQDO KRQH\FRPE ODWWLFH WRERWPR DNVWZBQRHHMIMAIR DQG FRSSHU
nal lattice, is a very interesting material with promising SHUIRUPHG DURXQG <& LQGXFH D V1
electronic, optical, chemical, and mechanical applicative JHPHQW RI WKH FRSSHU SUHFXUVRU VX
SRWHQWLDO >*HLP DQG 1RYRVHORY 1U1R®V GRYWHUWKUHVKR@G WKH WKLQ D
The properties of graphene make it suitable for a wide PRGL-HG VXUIDFH DUH HUDVHG E\ WKI
UDQJH RI DSSOLFDWLRQV KRZHYHU ThéMie BaSng,LdréEnwtioly bF 2iy2agXrchHiaNowW weDeO
depends on large scale technologies capable to robustly  found to provide identical results in the form of high qua-

and reproducibly transfer its outstanding intrinsic pro- OLW\ ORFDOL]JHG ' JUDSKHQH - OPV KDY
SHUWLHYVY LQWR GHYLFHV RU FRPSOHEZMWU X\RWAX Y, BV L UW DPXMVMDMWER QB DWWH U C
cognized that a crucial technological problem, that still in- GXUH ZH KDYH SUHVHQWHG UHO\LQJ RQ

hibits the applicability of high quality graphene material can be carried as a batch process and hundreds of de-
properties, is related to the patterning of this material YLFHVY FRXOG EH IDEULFDWHG ZLWKLQ
using traditional top down instruments and lithographi- Finally the investigated separation distances between

FDO PHWKRGV ,Q WKLV ZRUN ZH Ztwo adjaeetiédabred Ri¥trahgihy famA0 3d300nm
WLRQV RQ DSSO\LQJ D SUHFLVH N Fepresénting R @actot) afdu&LID 6 L7B QithWwEspect to
selectively shape and modify a copper precursor suface  WKH FDOFXODWHG ODWHUDO SURMHFWI
for promoting the local growth of graphene surface do- LRQV QP VXJIJHVW WKDW WKH VSXWYV
PDLQVY 7KH PRUSKRORJ\ RI WKHVH GRRP®IQY DWRRBRY HYVSNWDWHGQJ \LHOG DU
using scanning tunneling microscopy and spectroscopy LUUDGLDWLRQ SURFHVYVY SOD\V D FHQW
to probe simultaneously the structural and the electro- 7KLV ), % DVVLVWHG ERWWRP XS JUR|
QLF SURSHUWLHY DW WKH DWRPLF Vhiagi®kseéhted\\otld JreipbeSatiHaQ Hajer GtepVtowar-

,Q WKLV ZRUN ZH KDYH GHPRQVWUDWsH& WtteD Yonivdl Qnd @hel fhkribaldaHE Htructu-

domains can be fabricated, localized and organized di- UDOO\ ZHOO GH-QHG DQG ZHOO SRV
UHFWO\ YLD D VSHFL-F *D ),% SDWVQHU @LINHYU RIKHIWMWKHH KZIRYWW DLPLQJ D)
GHPRQVWUDWHG WKDW KLJK ),% LUUwe& LtbreghoRiQio RIasEl \fequiredL B QiMtiate the
SL[HO FDQ UHVLVW WKH UHDUUDQJHPR@WKS BRRFHMVS WK@KV IRFFRXUMHQWO\
GXULQJ WKH KLJK WHPSHUDWXUH &9' SUHSDUDWLRQ SURFHVV D
WHPSHUDWXUH UHTXLUHG LQ RXU H[SHULPHQWDO JURZWK FKDP

4 N

6HOHFWLYH JURZWK Rl JUDSKHQH - OF
LRQ EHDP LUUDGLDWHG GRPDLQV (GL\
Jacques Gierak, Gilles Raynaud, Caroline Guiziou,

Jean René Coudevylle, Ali Madouri, Lars Bruchhaus,

Achim Nadzeyka, Bjorn Whittman, Ralf Jede, Chris-

tophe David, Jean Christophe Girard

-RXUQDO RI 9DFXXP 6FLHQFH 7HFKQR

\ J ‘2, KWWSV GRL RUJ

), * D 2SWLFDO PLFURFRS\ LPDJH RI WKH SDWWHUQHG VWUXFWXUHYV DIWHU &9' JURZWK
RI' JUDSKHQH E &RQVWDQW FXUUHQW 670 WRSRJUDSKLF LPDJH QP [ QP

REWDLQHG RQ D KLJK GRVH ), % LUUDGLDWLRQ LRQV SL[HO RI WKH &X 7KH = FR

ORUHG VFDOH YDU\LQJ IURP WR QP LV IRXQG WR EH LGHQWLFDO WR LQLWLDO EDUH FRSSHU
VXUIDFH F +LJKHU UHVROXWLRQ 670 LPDJH QP [ QP SHUIRUPHG RQ WKH VDPH

]JRQH VKRZLQJ DWRPLFDOO\ UHVROYHG 670 LPDJH RI WKH VXUIDFH JUDSKHQH OD\HU DQG

LWV )RXULHU SDWWHUQ LQ WKH LQVHW 2Q WKLV LPDJH WKH = FRORUHG VFDOH LV YDU\LQJ IUR
WR SP 7KH UHFRUGHG VKDSH RI WKH LQGLYLGXDO FDUERQ DWRPV LV DWWULEXWHG WR WKH
DQLVRWURSLF HOHFWURQLF VWUXFWXUH RI WKH WLS DSH[ DWRPV

contact : Jacques Gierak
MDFTXHV JLHUDN#F Q XSVDFOD\ IU
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