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Foreword

PE: Power Electronics

Power electronics has become the central interface for the control and conditioning of electrical energy at all power levels.
+LJKOLJKWHG E\ WKH UHTXLUHPHQWY RI FRPSDFWQHVV RI SRUWDEOH V\VW|

context of energy savings, sustainable and green electronics. The introduction of non-conventional energy sources and
VWRUDJH WKH QHHG IRU HYHU LQFUHDVLQJ HOHFWULF PRELOLW\ FRPELQ
SRZHU FRQYHUWHUY KDYH OHG WR D SUROLIHUDWLRQ RI DSSOLFDWLRQV

,Q WKLV GHPDQGLQJ HQYLURQPHQW ZKHUH WKH GHVLUHG SHUIRUPDQFH
standards and miniaturization, the Power Electronics team focused for the last ten years on upstream research
activities. Among others, this research includes the technological and conceptual aspects, to propose new concepts
and tools for future conversion systems. Thus, a major effort was made on the power integration, especially the
PRQROLWKLF DQG K\EULG LQWHJUDWLRQV WR RIIHU UHTXLUHG EUHDNW
/ coupled design approach of power semiconductor devices and their environment, breakthroughs in packaging,
integrated or optimal cooling systems for power devices, and in the design of generic blocks and towards wide
band gap devices. In conjunction with this guidance, the team is actively pursuing the development of modeling
tools, while collaborating with the MAGE team in the view to better meeting the changing needs of design. This
is of particular interest, especially since packaging and EMC / EMI are challenged by increased switching speeds
and physical proximity of the new components.

Along with these upstream activities, the team wants to remain close to applications whose needs are driving
innovation. The actions in this direction (CIFRE PhD funding and agreements, collaborative projects) focused on
power conversion with a high added value such as uninterruptible power supplies, transportation and contactless
energy transfer.

To achieve these objectives, the research is organized around three complementary areas:

FPower semiconductor devices and integration: integrated functions, drivers, packaging and thermal management.
FDesign of power converters and their valorization: Embedded systems in transportation, Uninterruptible Power Supplies...
fElectromagnetic modeling and design tools for passive components, systems and EMC.

7KH RUJDQL]DWLRQ Rl WKHVH DUHDV LV WR HQVXUH WKH SURAFLHQF\ Rl YDULR
to its integration within the thermal and electromagnetic environment. The global system level constraints and control is

being conducted in collaboration with the SYREL team at G2Elab. This desire to «coupled design» is more essential than

ever introduced by the strong constraints facing our discipline but also by the advent of the wide band gap devices affecting

all three research activities. From this perspective then, the team is particularly well positioned in terms of modeling tools

(InCa, Flux, Cades, GOT) and technological means (CIME-Nanotech, CEA-LETI).
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Thermal management and characterization
of power semiconductor devices

The heat density dissipated by power semiconductor devices can reach several W.cm-2. Their thermal
management is therefore an important issue in power electronic systems. Several studies are carried out in
G2Elab: the improvement of the package by integrating the cooler in the power module or in the chip itself, and
the improvement of the cooling system. The thermal characterization of power modules in on-line or off-line
operation is based on adapted characterization methods which are also studied in the lab.

l. Integration of thermal functions in the power
module
7KHKKHDWJIDQVIBERZHWRGXPBIE@HD | IHFW®WHG
PRGLI\LQJ GLIIHUHQW HOHPHQWYV

T WKWKHUBRQW®W H U ETHAMA/HMIQB L HIYQ GV K H

FRROLQJ IOXLG
T WKHH VS UHDBR @ HW RQ ® U MVIKMHHF K D Q J H
VXUIDFH

6HYHUW ® GAHIVOZIQUKK HW R SZFWHD UULH G
RXWQNKSDVMRWH[DPS@HKD YWH D O DI}

FKDUDFWHZLAMGEYW HJ FIRW DRI Q Q HO V
LQVKH/IWU X FWXMHHH DOWRVXGWKBUPDO

YLIXUH,QWHJUBWLRROLQJ
FKDQQBEBWYSHQG MFKIDD U
MXQFWLRQ LQ D SRZHU FKI

VSUHDEBVR@W KIKD RZIDP HWOIOT X QG K H
SRZHU HOHFWURQLFV VXEVWUDWH

Il. Cooling systems

7KK RZHUW HF W WRH@LPE D W H U HWK G H
RIQRQ FRQYH QOW LRABROD L @ EMH FMA Y H
WRURSRMHZFRROV@D X WILR @8 URW KH
FRQY H KW DWWD QAR H U L DIQHRQEM P RW K H
PHFKDQI¥MDKHRWE RV V LTEKHHQ W HRIIH VW
W KQHD WSVRH QW R P S U RWKHH O L DFEEERRW L Q J
HTXLSPHQWYV

JLIXUH,PSURYHPHQW
RIWKRARQ Y H FRAHD\M

W U D QWRHUWA F L B W
VTXDGBKFWQAXHQFH
RIWKELUH FRIMRH
PDJQHWLF AXLG

, QW KSHD VAWV X GKLDHYEHH HROD U URDHRBQW KXHV H
RIOLTRH® DR RXDR UGH DZA WKWK H U P D O
FKDUDFWH R LIJ-DWUILRR @ R IGGAD J Q H W.IHFO G
ILIXUH

[1l. Thermal characterization

TKIWNKHUPPODUD FWHRILSRPRIMMRI@LFRQGXFWRU
GHYLPHWRIWKHARRONVQUW BP FHV V IWKMHW H V
NQRZO HRGW KMX Q FWHRS H U DW ® 0 RREW K H

PHDV XUHPIWEWMWK HUPHDWOLVWDQFH LRSHGDQFH
OLERQGLWIKRONVERUZWRBRWVWWKHODERUDWLRQ
RIQHZVKHUP R 'V HHQOVH.FANSWD IBFODPOHDAVHBUH/D O L | H V

W K H UPHDQDV@®R IWU/HLFQWOH J U WWAHKE. BL J X UHK H V H
ZRUNV DUH PDGH LQ FROODERUDWLRQ ZLWK

YLIXURKHURBDIQVLRWHJIUDWH
RQ WKH VXUIDFH RI D SRZH
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power switch?

Although many efforts are currently focused on improving the intrinsic performances of the power
semiconductor devices, it remains essential to ensure that this performance will be guaranteed once
the components are placed in their environments (thermal, electromagnetic). While considering all the
elements necessary for the power switch function, the functional integration offers efficient, versatile and
easily controlled power switches. This generic approach allows using larger scale fabrication techniques.

T Approach and main results 1 What'’s next?

+HWHURJH®E RWWRMWHY WDIW.IREY D Q WD JHK LMQ W H J UDIWRILRMPE HD SSO L H G
HDFWHFKQROMRIURPLWDLSBIURDRFIKPSURYLRQ® UDQV WRVKBMEB S ODWIRUPV

UHOLDEROUIMVS HUIRUPDQIPEDVHRED MRLQWISRZHARP SR Q HBRRMWSQ &

G H V LDISYS U RADIW KSR Z K6 Y IDRHGWAO H FWIUQR® B 1 DQ G RV VLEIOD PR Q& H
SK\WLAR®LURQIRHIGW R SM&026GULDHB LQWHJRIMKIRQYDYRODWLRQ

9026SRZNULWWNK R F IRIDWE B\GRRSW KRHW K% RIW KV W D JHD QD G Y D Q W D J HERIX V O\

FRPSRQNQDWE HF W QMFDWOF R QQ® B WLRIQWHRGU P HEG G L H O H B WWH. GRHIV V

IXQFWLZRK@M 26 ED VISR Z HAUH Y LFFRIQ R O L W K IRFSDADLEFRXOS O L RH WHR O X WL R Q V

LOQWHJIJWHWHUBOX LIKHQEFWLRM®WHW¥IXSSODUBHYHORSEMWGROQIUR XS

RS H U DRMW RFER Q W K RBQW KRHW KKF-DUQ\G K&HD 26 7 K H \DHH Z Q W H J W HD DWH XBLDHEY

FKLLSQW H J D DAOKHXQ F W LRREDR/Q W U RVGKSIR @ B US R Z F/LZ L W FDKUHBAO DS S OWIRG
FRPSRQHKQHWOHFW VRPMRW UR Y LEGBFR UH O HYIWX W U X FMRXMUKAHR Q Y H IRV L R Q
WUDQVIROPRUELRIO DM RMEKWLIBY 9 HOHFWULFDO HQHUJ\ (QHUYWRUGAHLRRZH U
7KLIVVVRFLD@W BRWQN H®3D FN DMV HPEOORZV GHYLFH VZLWFKLQJ WUD(
RSWLP®SOHP H QR WIHRVR Q RER XN L W F K

UHJDU ROMKMASRIWUD QV EV IR BGHR Z6 L G H

DQERVZLWFIKILHIIUX H@BWRVN +]2WKHAD W XU H V

Control
DUBOVR WH JUDONHRG®ISGU RS PDRWHH PRIQ W circuits\.
W K\HZ L W F\KW CEW. B RDIDWGHJ L Y DQ B R P S O\HHACH
Magnetic isolation with
VXSSRHUDWILRFEHRAWIDU Y H\GW UQDK H s00mw o etion v
SRZHU GHYLFH-V 211 DQG 2Q VWDWHYV gate driver

Bumps on
power pads\.

1 ]
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([HPS®RHDGHGLFRWAEG ULYHU
LQFO X GRMH. J QDY X O DAMILR Q
Y HWH®X S SB0Q SR Z HD WFHK D U J H
FRQWURO
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passive components

Thales society launched a project called MACOMAC HF (MAgnétique Cofrittés Multicouches pour I'Alimentation
Compacte Haut Fréquence — Cofired multilayer magnetic components for compact high frequency power supplies)
in which LGEP electrical engineering lab at Paris and G2Elab are attempted to achieve the development of a high
frequency — high power density isolated converter dedicated to the study of LTCC technique (Low Temperature
Cofired Ceramics).

7KHLRIWKO$&20$8 URMAIDPW R Y D O FRWH H G
WHFKQRD®RUGHMWRUHD OP KD W L CPID\HQH W L F
FRPSRQHBUWKBHVLBROQKLJIKUHTXHREZH U
VXSSOLHV
7KH XU UWQWIQWE R Z HUO H F W WRRDH. 6 YW K H
YROXPHWGEQFUHWNBRZHEHQVLWILIKHU
VZLWFKULTX H Q7KL L WHKBIU R E GRH\W K H
FKRLFH RI FRPSRQHQWYV
YRIDFWERRSRQ HOQKMV R 1* D 1V H H RWIE H
W KZD VR U Z DHIYGHLQV KW H F K Q R @RIM WX O O\ 5HVRQDQW FRQYHUWHU 9 9 :
PDWXUH
3DVVERPSRQHMYENFRDD@NAVRIPFSRQH QW V
UHS UHWHKGWH D VEHI\RE CRHPQ W H J UDQWA R Q
W K H UPPCDQDD J H PHKQWR O X VD IUBIR VR &K L J K
IUHTXH®EWULWHO+] EHFDXVHWDOOR\V
FU\VW DDCPRIWGBHRRB B QR F U\ VARRPG B VQ W H V
KDYH WRR PDQ\ ORVVHYV
+RZHYHRQYHQWIRDA U ULIWR MW K H
GLDJUDP 0Q =Q KDYH WZR GLVDGYDQWDJHYV
$+LJK IUHTXHQF\ ORVVHV DUH WRR KLJK
$ 7KH QW H JUDRWIVR @ IDQJIEW. B H BNRVGK H \
DUHQWKHRUMIFHUDPLEYW HDWKLG K
WHPSHUDWXP&ZKLBKTXMWKEVRI
FRPSOH[ DQG EXON\ HIWHUQDO FRLOV
$QHIDPLRINHUUKDENH®HY HO RQHE H QW
\H D B VW K D OFB\L. QHHLOU 1 MEHQ\& X78KRH VHHU U L W H V
KDYH WZR LPSRUWDQW DGYDQWDJHV
$ 7KH\ KDYH YHU\ ORZ ORVVHV DW KLJK IUHTXHQF\
$1 7KHFD@HVLQWBWHREIVHP SHUD WRX® G
f& EHORWKHYLQWH WLHPIS H UDRM X U H
FRQYHQWHRQDBKL\FE O O RIZK H ? RE H
VLQW B UWR. HOHP\W B HMWYX VKW R ORGU
VLOYHU
7KHFRPELQDRILRIQH VHHU U LALMAEL HO HPW D L F
WHPSHUDMMXUHBWIELIO R HW D O ODMMWRLEREO L]LQJ
PDJQHWLF FRPSRQHQWY DV LQGXFWRUYV DQG WUDQVIRUPHUYV
LOGXFEBRRWRW\BHWHVVRIQ® EXFRRQYHIZWHQ
WUDQVIRUPHUY DUH XVHG RQ UHVRQDQW FRQYHUWHUYV
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Characterization of power semiconductors
Integrated circuits

Novel power semiconductor devices increase the stress on the measurements. For instance, larger current densities
and high voltage capabilities are expected with wide bandgap material based devices such as eGaN Hemt, which
can exhibit larger operating temperatures. The characterization benches developed in our group are well suited
to accurately measure the static and dynamic performances of novel power semiconductor devices and their
integrated function. Our equipments were mostly funded by Agence Nationale de la Recherche (ANR Topogan,
ANR SiPowLight, ANR Eclipse) and are regularly updated and upgraded through new projects.

t Available equipments at G2Elab
7KUHH FKDUDFWHUL]DWLRQ EHQFKHY DUH DYDLODEOH LQ RXU JURXS
$'& PHDV X UHRQDNNU3DFN D GHGE L KBWR N 9XSWR
$ '& SXOVHGINROWDQELJIKXUUSQRESHIL OHQW
% +9608 +&6087HPSHUDARQWHURRDSFEUXF N
f& 7 f& B6HH )LJ
$'& PHDVXUHPHQWWU3DFND BHY L IKBWR 9 XS
WRS$ '& SXOVBGIKOMOXPLQDWLRIYHOHQJIWK QP
_HLWKO H3 1HZSRURQRFKURMIMWRU ;HQRQ
ODPBHPSHUDFRRWHRFOSSAHREX FNf & 7 f&HMLJ
$6ZLWFBHYIRUPBOFNYD GHE L KIBWR 9 XSWR $
OHDVXUHPBQ®ZLGWKO+] XSVR 0+]2 GHSH®®V
G\QDPLFV
$ QRYW@DUDFWH B HDRRXQE HBHY HOR SPHIQMX UL QJ
.7 . WHPSHUDWQXIHWKDQ PEDWVDF XXBW R
N9 YROWDJH UDQJH SURMHFW &DUDSDFH IXQGHG E\ /DEH| D QHI

YLIXUH
7RSSKRWR J B DABKHI 2 +&
PHDVXUHPHQW VHWXS

5L J KX O WHLG & X U UFIKDAU D F
WHUL]DWLRQ RI D IRUZDUG F
/H WL JBR O WEDUHD N GRIDQ
VXUHPHQW RI D SRZHU WUDC

JLIXUH 5LIJKSKRWRJBRDWKHOHFWUR
RSWLEBDVXUHRHQWSO HEWDER]|

LQVX WL QWA RLVHIWHDVXUHPHQW
RIWKWSHFWHVORQRLYQMOWHJIUDWH G
SKRW®&HWH FILRUK DQSRZH G H Y LFH
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Micro-converters network:

A new approach for power converters design

The high penetration of power electronics in the electrical energy management requires the development of
flexible, generic, compact, reliable and low cost structure of converters. To achieve this goal, Micro-Converters

Network permits a very efficient way of design using a generic cell.

1IHWZRRURIMFUR LQRHIUDDHBS SURDEKY SRQG
IOH[LEBAORI@MS HF L | L FDKAIVE ® WRIDFKR US R U D W
L@V HQW RO XSWLRRGIXIE@ @ D CHROJH FW @ RW KF V
W KIHG Y ROWWKRHS H U D WLPRS@OLOM L BWR U H DW H
VLQF®RIP SR QA-DOMMHHEP H Q8AHDOU& W R H HDAO O
NLQRIVSHFLILFD\WHRQR DR X® E P R URU
OHVR/SRURID QWP HQXWIX D QWRW\GGUHVVHG
L@QDSSOLFROSWARO HFWUWR Q HENWE \
DVVRFLDY HRQ@GRW GDUDR WK HRID O

W K HHVOHH P H @\ DAGKVY Wi-R O WDDQUGR F X U U H Q W
RIWKFRQYHBWHUE BIBF K L HKHFHEE L Q J
JHQHWLKBIHYHORSIARHREMWE HFRQFHQWUDWH G
DQWKHWHOLDEQ@HMWRDQ DJHPWHUWWY LFHV
JUHDWPSURYKIB\S SURDFERRXEVWDQWLDOO\
L QF U MIK$H Q H W (RDSARLZRHQO H F W B R D F R

QHZ WHFKQRORJLHV LQWR H[LVWLQJ DSSOLFDWLRQV

7KHUHDRMH L F DIQEW O L\DVE O X FDAGXDUSHW D E O H
WRDQDNSSOLFRDNEHRKIQY H D WKHEG HP HQ W D U \
& H K@ J KIOQ W H J WOWHESR Z HAUL HDF K L HIY®I G
&026WHFKQRPRRIQH PWRIS® D QVUD QVIRUPHU
WRIHD MLXID ®F W Lo BIL GJIRHQ Y H W\RH IUHDU
YHWFR P S DFQAGX OWH Y H URV/R @ © H UMGHHUA & H
XOWLPHBWEHUPYROWDUSRZHWFKLHYHG
E\DVVRFLDMWHHKDIFRW K HUH P H Q &/{DQD § G

W K MVQX HLWHRD H HGR G M W KWW U X FAVWRKKIHR Z H U
DSSOLFDKWARKGHVIRIBRZHFRQYHWUBREZM U
HOHFWUWRQRSE® DIQBIEF R PDHAF H V WLBZQ 6 H U
UDQJH RI DSSOLFDWLRQV

/D\RXRWKHE $(OHPHQ
WDU\ &HOO SRZHU GLH
%DVR@VWDQ®BB&QR

O R W K& MRl | HDOVREZR V W
DQ&LIKIAFLHRFWLYH
SDUW WR WKH (OHPHQWD

N: /ILWHWHPHQWRHOO
EDVRGX D®F W RUH. & IHU X FW X U H
XVLQS$RZHIL A SFK L SRID

38% LQFOXGLQJ D SODQDU WUDC

&RQYHWFKHUH\H(OHPHQWDU\
&HOOV FRQQHFWHG RQ D PRWH
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Modelling and design of electrical
Interconnection

For EMC analysis, the Electromagnetic modelling of interconnections is determining. Complex geometries, and
various electromagnetic environment (magnetic or amagnetic metals, conductive carbon, ...), leads to require

specifics methods. G2ELab works in this field since more than 20 years, developing an integral method named
PEEC. Recently a compression matrix algorithm has been introduced, to increase the size and complexity of the
modelled systems.

Modelling principe IDesign of a current path

3((&SSURDFHKAN KZRUND Q Q W HRIW\W RRVGL DJHUR :LWKWKH PSUR YHRGP SXWDW LR Q

RUG HO H UNH\R K G S O RIS D U D O O H OGIIS\LISIHKBWAES IHEI® BP HP R XV HL WK R X O G

HO H P HRQWWKIHF W & ¥ HRAQUOR Q @ KRR Q G X AVIDLHPHDQUW E HL Q W H U HAVRA/[LSGDIFRRISHW L P D O

PHVKIQ&RWKHL U K LL\Q W H J UDDOVOLRREQW D LOQM @ A L Y D OGHOM J@R X B D VEHX V HBK L V

HOHFWUURROWE VLYWOQGRHAWDGKM X DG X FW PREHH O CPLHW K RAGRI L Q ® Q

WRHSUHWKBM Q HEH.KED Y RRW KM\ VW AR H RP S O HR[S W L FCDDO R XRWW K HE X U UH Q W

PDWUH[SUHVH & WIXW ?R G WU UFDXVODK H U HWRUHH H W S D@LKD PRUARPSRVLWH

PHPRWVSDRMHEGY ROLYH VIEHL QY KMHXPERMBOHPH IV F UDIWKINLQBlI SUREOHP

RIWKGIL V FUH W )X D W KRIQWPKRHR IR S O HR[IDWL UMRWY MUK AL UFWIRW R OLRVX\Q N Q RZ @

W\'S L FEDDOVOR® 8 GHFRP SR VX WHVBRR OWKNY QRG WKH URWWLP L] D W HBKGX VIR |

SURE GIIR OLY®! VZ L WWKW KGIH J URIIHUH HGRRE HF UH DDV O HF W UR P PR G H W L YAD RYR@LCN H

W KAR P S O H HYWAHDGL. W H U D RVQ. W18 H VRG H F U FADKVHHQ & D LWV K H U HJY R ®VRIV V LVELADMNVICFHL U F X L W
PHPRERQVXPSWQREFHOMWKBINWMEUYHFWRRB G X FOVL Q NOL®® Q Q H FSVRILQIMD\R @/H | L Q7THRIAL QOE L UWRMO X W L R Q
Z HX V HOG® G D S W D WQ Y HIDVOX O W D 8§ RVK RIGN W K L ¥ HX V HOP H W KEROBV R GV KJHJ D WK H DQ\G@V H F RVQVGH S
DSSURIDWEEHHSR VV VWERRIG SO RW L U F UQ FW X GZ XV HIG- O D V RISFADLCP L JIDAVIIRRUWE R 8 U RWKE. R O X W L R Q
W KPH WD\ U X FWKRIDH E\RNQLDQD G CBAR Z HUR X WBIWVD Q Z L WAKH V S WIRWK H O H F W U R PBH R Bl WLLFFR G H OX.\QLIQ J
H[DPSWHKIHP S DFENYO L J K WLQ/LIMRIEW KGR DYGR/O WKW, Q &D ' PLQLPL]LQJ WKH FRQGXFWRU: -V ZHLJK
EHHWQW X GLRAGD ULRXW H RUDOWFUBLWHWDDU L RKWOK HVHHBE HY HO R S SKIP YEQIWLE S O H P H QWKOH G 6 (
FRPSRVLWH FIOWBORGHYHORSPIHEBVFSOHPHQWRIGHORLQWHUFR QIRZMHMNG (RYDP HZ BN Z
LOQWKHQ&D VRIWZ DQHG LV W U LEXEHHEUBDRIP SD QR X O W L MHYEHOO/W L P H FVRKFRSGXW D \WM DRIG V@ R P D J Q H
EHJLQQLQJ HQYLURQHPHQW
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EMC and electromagnetic modeling of power
electronics systems

Power Electronics generates high frequency — high level disturbances, which have to be carefully managed, since
they can prevent the system from working properly. The recent increase of devices performances (commutation
speed) reinforces the need of powerful modelling and experimental characterization capability of electromagnetic
phenomena associated with switching mode energy conversion.

| At component level: packaging issues
2QDQHOHF W UR PDR IQRHIWILHFW KBIH V LRIQ SR Z HAH P L
FRQGXFWRU SDFNDJH KDV WR DFFRXQW IRU
£7 KWW WLID\G X F WZKQ FHU H V S R QINRIMEXDH F H SYARDDR/ODA H ggfﬁgigggigggé‘gvﬂﬁ(?”v
RYHUVKRRWV FLUFXUWHWKR@&D ¢
$7 K H G X FRULARIP RAQR G HH Q H U DLW VRERNGW BD'SDFLWD Q FHV
7RE HQ R WM IGQ RDVE O S D F L VKID QFHHI/D \M LIHHRARY RIW K H P
KDYH WR EH LQFUHDVHG RU EDODQFHG HDFK RWKHU
$7KHRRGH V IRIY KIHD WH U FOO\WRXYWR L DLEA VW X UED Q FH
IURP WKH SRZHU VLGH PSHGDQWBVXUHPHOW
3 UH FILR/$H G DPQHTHY X U H IXWQ WV U LIRKKW K RI® ¥ DRAHGD\S %ULGKHU XY HGVR
LEFKDUDFWW KELL HWHDYRRWY D O L G VWHIQRX ODWLRQVKDUDFWHUL]H DQ LQGXFWRU
,P'SHGDRHBIV X UHPWHLQBMHIW Z B QB O\ \7H B & R P DA
AHFW R PRIG/W KLHQUG L H HSFHAU L P B QWVER] W U\DVE WS H
GDQFH ?2RVFLOODWRU\ GLVFKDUJH YROWDJH RYHUVKRRWV -

., $W FROYHUWHU OHYHO AowHhU A8¥em V%Q%Obé'ﬁf‘%ﬁ@

a
XW
V VWX D R W
7KH AOWHU VL]H DQG FRVW XVXDOO\ UHSUH8VH B QBQMGU QRHQ

VH R HW \% HVHQWDYV
2SWLPL]DWKR$ HGWMEBHDKKIEKHUIRUP B RQWHNG X F VKA 1X @b QG HEVL R@WH S U Q

W KIHF W DY RRWX VW HPUWKH XV XD
VL])-IXUWKHLNP\/RUBIR\XSOEQHWHGxﬁm-Nb‘II-HILHFWL‘D}Q@EDUJ[TF KE@ CRIRSWI?\:I\\D/(W:IPIgUWKxVIR\ngE G ©
KDYH WR EH WDNHQ LQWR DFFRXQW ow RE

P X O DUWH.RQH/V H QURBW WIDVON HIRD F K L MYKND V N
i)LOWGHPI—FQD\@IVRSWLPW]K-IUBR(XBHGLFDO\/&}FPBGHO\} @
WZR VROXWLRQV DUH VLPXOWDQHRXVO\ SXUVX|
RI FRQYHUWHUYV

7 K 1D E L QWLRAR\ W H P HW K FOKD
;t)LOWBURD(\WHGD(DSRZI—FLIRPSRQI-HQWGVDQWDVEIHRQiDLIS)F | ffﬁ’;gﬂw\vwgaasvgﬁ(gp ” V& RF(EDWH
REWD IX@MGOL FRQ VW RSMOWP Y ] DWR R Q WEKOHQ N V UOAVR P PHR QRGO

ZLWK RUGHU UHGXFWLRQ PHWKRGV
WR VXLWDEOH (OHFWURPDJQHWLF ORGHOV¢7KHGHYHORSHPIHG}WGLF WEHBRGHXWLQULPSOH

7KH DJQHMARAVHT® Q O ERFRP S X WHRGR K3 (&P R o 4

YDOHQW VRXUFHV DGDSWHG WR V\VWHF
GHR)IWKH—RQYHWWLI:NEJHWHUPILRQALIQ}:DUD\MQ\M/LI-FUDFWE b Q

EHWZHHQ VXEV\VWHPV oo I
([SHULPHD@\SDRWRKDUDFWK(E@I&]FHIDSRZI—(OHFWUR(C |- _]'_‘:
&RQYHUQMRIBRAG X PMBEXUHRXKNQQAL QP SHGDQF

6WDELOULHWZAREL&ORKHGPG DV XUHPDHUGWKLHYHG |—n

XVL@l1P SIDAHW HRUDWG L F U WRN\BRINF L AG D OO RIRH G
H[W UDSFHFLL@I® U P DWBR QG DV X U H DRIGIRAVY IXE/Q I J
DQHFKRLF FKDPEHUV RI RXU SDUWQHUYV

(a)

7TRWDQ@SXWSHGDRFMHWZRBQ WD IMDARE FRQYHUWH U
FRPSDUEMWRQZ MK R UFREADOXRORXYBHDVXUHPHQW
UHG FRORXU LQ 'LIIHUHQWLDO ORGH

ORGHORIQ@O&AOWHEBOXBAQIFRXSOZOWRPSRQHQW YV

DQG 3&% WUDFNV ,Q&D ' <« PRGHO 'LITHUHQW OD\RXWV FRPSDU CONTETS

Jean-Luc Schanen
-HDQ /XF 6FKDQHQ#J HODE JUHQI

Edith Clavel
(GLWK &ODYHO#J HODE JUHQREO

6SHF LPAIF) Q H WH.6VGH Q VRHWG L F DWBHG RDQU XDGULSRODU
FRPSR QMY X UHRBQWY RIWEKWIRRFRS R Q RQWKUA J KW

Highlights 2014
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Collaborative strategic research with CEA-I

G2Elab and CEA-LETI have concluded a strong partnership to overcome today’s limitations in power
electronics. For instance, a joint research on several innovative projects is being addressed: packaging and
modelling for power devices and power modules, integrated drivers design and characterization and radiated
Electro Magnetic sources analysis in Electrical Vehicles. Both partners can benefit from their respective well
known expertise, knowledge and platforms, already leading to recent breakthroughs widely recognized.

13D integration for power modules and integrated drivers

"LUHERQGLWHFKQRD@GW UH QKR O D WLIRGR U
SRZHWHYLIFHO D QUK FR U Q H U RVWRIQMF K H P H
RILQWHJUDQWLRRIDGLLQHFRE SEE Q G LA\ HW K H
WHFKQRORVHGX ULWEPLG SURWRVQYD EWKH
ZDIHWH YERQGLRIYHUWSRDE®WH Y L MY MRLQW

PHWDORENWDROMRSWLP LWMIQIHY LKW ULQVLF
SHUIRUPDRQIFHOH YLIV® D QICLRQIWHU FR®QHE W
WRLPS®QEXDUD QWK XHDVVHPEWRG X O H
OHYHRIOLY DVVHPEWEDVHROQWKHQWHUFRQQHFW
PDWUIRABRYLGHQ B LJWL GHHH UWSRDHBHYLFHV
R QW RFSIH D FRKW K HXUW H F K Q RRGSRVL PERHP\S RQ HQ W
VXU I EFHH JKWH@AD O L J Q PHRQWMY UBD/DQW V X O W
WKH WUXH ' LQWHJUDWLRQ RI WKH DFWLYH
L\R SWLP WRVGKIL J K S\RW V LCEFOYHBI I©D GW & W UR Q J O\
UHGXKB.GCOHYBQGBQFUHDYHWFNEOM®SDELOLWLF

6SHFLAM HJGDWYBHBUM T X IZWKHI® KL JK HVANF L H Q
LVGHVL ERRGMRU' LQWHJWIZWW E R HQDYGL G H
%DQGJIBBLFHY' )RW[DPSDEDGDSWDWHILYH
FLUROEMHQXFFHVGIHKOLOWRBGRYDGBEIBQ G

P R UHHI A F LAHROQVRU B O 7 K B8 D VGEH LFYLWU FEEWL FD W H

LQO06 iPFOWHFKQROBGDSWXWHR®HGDQFH
IRBSWLWBHOOWXPQ GULYRLRQGLWDRBQ YW H
VLGSR ZHW U D Q VV ¥ MWRFIMDDQ VG WWRIG WL R Q =RRP LQWR WKH ERQGLQJ UHJLRQ EHWZI

DF FR U W IRGKWHZ L W FFKXHUG\WM B MG XRFYHH U Y R@X\WHD J H
WE&D U DV QW K F W DRLDAROE R/ HWR D L Q WP H

W UDQWLMPIRRY® ' RY HDZ L GUWID QRIDRFEUUHQW V
VXS SYAROWDQMANHPSHUDWHRUH & 7 KHUH LRU H
DVV\QFKURERPRR QY HEDWHRE: %' WKSHURSRVHG

J D WGHU L ¥ IHU F&XH VR Q V WHIFWEDAG U D VGAHLDFG W L P H
UHGXF\WQRVOKHUHDRUKEQLAFDIQWOSHUIRUPDQFHYV

CoNTACTS
Jean Christophe Crebier

MHDQ FKULVWRSKH FUHELHU#J HODE JUHQRE(

Nicolas Rouger
QLFRODV URXJHU#J HODE JUHQREOH LQS IU

'XPP\ ' DVVHPEO\ RI PDWULFHV RI YHUWLFDO
FURTHERREADING DQG YHUWLFDO SRZHU GLRGHV ,QVHW =RRP I
a)N. Rouger, J. Widiez, L. Benaissa, B. Imbert, P. Gondcharton, B. FRQQHFWLRQ IUDPH

Letowski, JC. Crebier, «3D Packaging for vertical power devices»,

CIPS 2014. Nurnberg, GERMANY, Feb 2014.

b)N. Rouger, L. Benaissa, J.Widiez, B.Imbert, V. Gaude, S. Verrun,

JC. Crébier, «True 3D Packaging Solution for Stacked Vertical Power
Devices».I[EEE ISPSD 2013. May 2013 - Kanazawa JPN
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Resonant power converters for contactle
energy transfer systems

Resonant power converters dedicated to contactless energy transfer have to fulfill some criteria as efficiency, cost,
weight, volume, and finally electromagnetic compatibility. Although these systems are composed of two distinct
elements, a converter and a resonant cell comprising a magnetic coupler and capacitors, these elements can’t
be separately designed. This research relates to various applications such as aeronautic applications and battery
chargers for electric vehicles or submarine robots.

&R QW D FHAQGHHMIY D QWANHW H W RO ¥ MO HUD SVUDQVIRUP H |
ZLWARDJQHWRBHRGHV LWEEKRO/MNVWHRM VQHF HV WRU \
FRQV LVGKIHD | O X R QG X FSADLWYIHP HRAQH O M F W DL WV X G H V
D QW KAR Q Y HAKN VKK S S VKR J Q HGVLYFL, BHE H W GNL IV (RG
PDJQHGH FIKDHIO D UJHI D NIDJ G X F WDID@N IR DRI QHWL]L Q.
LQG X FWDKHUHH 'R BAHU D QW KHEUH VLB RBHW KW UDQVIRUP H
QHHGRSRUWB RQMWSR X HUR D J Q H W/ILKRHD J Q HMRLUBHD & R
SURYOG B NIDDIHL NIHQ G X FS\DLWIHP HRADHEWHE H W H U FRLQDOH\G
ZKHOHRPHWWOQRZ\QL]LQDWEH. WHUDWUMRVYHVYRQD QW
FROQYHUWBUXYVHERRPSHQVYDWKFEHKHYERWRGL I\
HOHFWULFDO FRQVWUDLQWY Rl WKH WUDQVIRUPH

% HFDRVAREDJQHRRXS OlDFW R U LW\Q HF HV WIRU \
LQWURGKFR QBIMSID F L WIRUNG MMRF R P S H Q WKDLW K
&RQWDRWG WMWRIXYSFO H U LQG X FEMKHYLIRIERPSHQ VD RGB & S H R@W K H
ZLWKFPDLU JDE® KH
UHVRQDQW SRZHU FRQYHUWHU NLQRGERQY HUWHE & KAR X S OTX@O)IRUE " &
Y R O WEIRIHY H UDFLDRS® FLLQVHRWE HWWKKSHU L P D U\
FDERPSHQWDKMR OWG URBFURMNDND JH
LQGXFVWDQKH LHV 3MRIDSHIOH®D Q% R €
SULPDQGXFWDQKHILHY BRESHQVDWLR
7KNHFRQGDSD FEWVERHY L W K@ Bl U B H\Q
SDUD OKHHIOWF RQQHEWHG RHMEDUD OO H C
VHFRQGBODSDFLWRRSHQVDWHIAS HF W L Y H
PDJQHWL]LQJ LQGXFWDQFH DQG VHFRGC

7K ISW L Q LGSR WE L W F\W R ELIQ W U R GRXEFRIE K
LOQYHDQWEHFWEKLHEBO LIQLILBBGWRIN. WFKLQJ
ORVVHV ZLWKRXW JHQHUDWLQJ KLJKHU FRQGX

TKHWHRMWZLWFEUQQF K®OHNWHDS SOWHCK'KE:. $&S RZHU
VXSS®OHGLFWRH®D QQRAKNURU RWDSVOLUWMK URBBRD[LDO
PDJQHRMRXS 0K EMHAWLROHS SG\L H] R H OIHFRWWXUDRMDR U
YLEUDWRU\ PHFKDQLFDO GULOOLQJ $YLEXV SURN

$ KLIRRZH® '"& FRQYHKWHMHIQP SO H P H@MWGILGF DWRH G
F KD UW KEHD W W R IH LOHHVF YAHUKLLFFSOVIA K/ UGHHHY HOY. Q Y HD W E U
UHFWDLUBWWY R F ZD WHRP® J Q HRMRDES DIKIRIVFHR X SO D@ W R U
OHVV WKDQ

CoNTACTS

Gérard Meunier
*HUDUG OHXQLHU#J HODE JUHQF

Jean-Paul Ferrieux
-HDQ 3DXO )HUULHX[#J HODE JU
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