Zmluva

0 poskytnuti finanénych prostriedkov na spolufinancovanie
projektu vyskumu a vyvoja ENIAC ¢. .......

Poskytovatel’:
sidlo:

zastipeny Statutarnym
orgdnom:

0soba opravnena rokovat’
v odbornych veciach:
Tel. ¢islo:
Fax:
e-mail:

1CO:
Bank. spojenie:
(dalej len ,, poskytovatel’*)

Prijemca:
sidlo:

zastipeny Statutarnym

orgdnom:

0soba opravnena rokovat’
v odbornych veciach:

Tel. ¢islo:
Fax:
e-mail:
ICQ:
DIC:

penazny Ustav:
¢islo uctu :
Zapisany:

(dalej len ,,prijemca )

Ministerstvo §kolstva, vedy, vyskumu a Sportu SR
Stromova 1, 813 30, Bratislava

Eugenom Jurzycom
ministrom

Marta Cimbakova
02/59102614

02/59102620
marta.cimbakova@minedu.sk

QO 164 381
Statna pokladnica, ¢. u¢tu 7000065236/8180

POWERTEC s.r.o.
Drotarska 6385/19a, 811 04, Bratislava

Martinom Donovalom
konatel'om

Martin Donoval
+421 903 968 243

martin.donoval@powertec.sk

44547056

2022742986

Tatra banka a.s.

2923863663/1100

V obchodnom registri Okresného stidu Bratislava I, vlozka ¢.
56298/b

Preambula

Nariadenim Rady (ES) ¢.72/2008 z 20.decembra 2007 bol zalozeny spolo¢ny
eurdpsky technologicky podnik ENIAC (d’alej len ,,spolo¢ny podnik*) na podporu spolo¢nych
eurdpskych vyskumnych a vyvojovych aktivit v oblasti nanoelektroniky.
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Slovenska republika sa prihlasila za ¢lena spolo¢ného podniku listom podpredsedu
vlady a ministra Skolstva SR zo dna 12. decembra 2008 a zaviazala sa alokovat’ kazdoro¢ne
Vv rozpoCtovej kapitole Ministerstva Skolstva SR prostriedky Statneho rozpoctu Slovenskej
republiky vo vyske 500 000 EUR za ucelom spolufinancovania ucasti organizacii vyskumu
a vyvoja Vv Slovenskej republike v projektoch vyskumu a vyvoja spolo¢ného podniku (d’alej
len ,,projekt spolo¢ného podniku®).

Na zaklade dohody o sprave ¢. ENIAC-ED-27-09 uzavretej medzi Spolo¢nym
podnikom a Ministerstvom Skolstva SR, ktord je neoddelitelnou sucastou tejto zmluvy
Vv Prilohe 1, sa Ministerstvo S$kolstva, vedy, vyskumu a S$portu SR stalo narodnym
financujucim organom, ktory zabezpeCuje poskytovanie prostriedkov Statneho rozpoctu
Slovenskej republiky na spolufinancovanie ucasti organizacii vyskumu a vyvoja v Slovenskej
republike v projektoch spolo¢ného podniku.

Cl. 1
Predmet zmluvy

1) Poskytovatel a prijemca uzatvarajii tito zmluvu podla Cl. 13 ods. 6 pism. b) Statiitu
spolocného podniku ENIAC, ktory je neoddelitelnou sucastou Nariadenia Rady (ES)
¢. 72/2008 z 20. decembra 2007, ktorym sa zaklad4 spolocny podnik ENIAC (d’alej len
»Statut spolocného podniku®).

2) Poskytovatel’ a prijemca sa dohodli na predmete zmluvy na zaklade technickej Specifikacie
Technical Anex Energy for agreen society: From sustainable harvesting to SMART
distribution. Equipments, materials, design solutions and their applications (d’alej len
,technicka Specifikacia®), ktora bola schvalena spolo¢nym podnikom dna 16. 12. 2010 a je
v Prilohe 2 k tejto zmluve, ktora je jej neoddelitenou sticast'ou.

3) Predmetom zmluvy je poskytnutie 99 900 EUR (slovom devétdesiatdevittisic devét'sto
EUR) z prostriedkov Statneho rozpoctu Slovenskej republiky poskytovatelom prijemcovi
na zabezpeCenie spolufinancovania rieSenia projektu spolo¢ného podniku S nazvom
“Energia pre zelent spolo¢nost: Od trvalého ziskavania energie k jej SMART distribucii.
Pristroje, materialy, navrhové rieSenia a ich aplikacie®, ktorého riesenie bolo schvalené na
zaklade vyberového konania uskuto¢neného spolo¢nym podnikom k 3. vyzve pre verejnu
stitaz nim vyhlasenej v roku 2010 a potvrdené technickou $pecifikaciou.

4) Doba rieSenia projektu spolo¢ného podniku je stanovend v technickej Specifikacii
schvalenej spolo¢nym podnikom.

5) Poskytovatel’ zabezpecuje spolufinancovanie rieSenia projektu spoloéného podniku pocas
celej doby jeho riesenia, ktora je 36 mesiacov.

6) Prijemca Sa zavdzuje zabezpecdit’ rieSenie projektu spoloc¢ného podniku s nazvom:

“Energia pre zelenu spolo¢nost’: Od trvalého ziskavania energie k jej SMART distribucii.
Pristroje, materialy, navrhové rieSenia a ich aplikacie®, (“Energy for a green society: From
sustainable hrvesting to SMART distribution. Equipments, materials, design solutions and
their applications®)

pocas celej doby jeho rieSenia od: 01/06/2011 do: 31/05/2014.
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7)

1)

2)

3)

4)

5)

6)

7)

8)

Specifikacia projektu spoloéného podniku (zoznam riesitelov a ich kapacit viazanych na
rieSenie projektu, pouzitia prostriedkov Statneho rozpoctu Slovenskej republiky
poskytnutych poskytovatelom vratane charakteristiky, cielov projektu v jednotlivych
rokoch jeho rieSenia a vystupov) je uvedend v Prilohe 3, ktora je neoddelitelnou sucast'ou
zmluvy.
Cl.2
Poskytovanie a pouzitie prostriedkov

Financovanie projektu spoloéného podniku sa uskutodiiuje podla Cl. 13 $tatatu
spolo¢ného podniku.

Spoloény podnik podla Cl. 13 ods. 6 pism. a) Statitu spoloéného podniku poskytuje
prijemcovi na spolufinancovanie rieSenia projektu spolo¢ného podniku prostriedky zo
svojho rozpoctu vo vyske 16,7 % z celkovych opravnenych nakladov na rieSenie projektu
spolo¢ného podniku.

Poskytovatel’ poskytuje prijemcovi, ktory je podnikatel'om podl'a zakona ¢. 513/1991 Zb.
(Obchodny zakonnik) v zneni neskorSich predpisov na spolufinancovanie rieSenia
projektu spolo¢ného podniku prostriedky Statneho rozpoctu Slovenskej republiky vo
vyske 33,3 % zcelkovych opravnenych nédkladov na rieSenie projektu spolocného
podniku.

Opravnenymi nakladmi na rieSenie projektu spolo¢ného podniku, ktoré financuje
poskytovatel’ z prostriedkov statneho rozpoctu Slovenskej republiky, st nédklady podla §
17 ods. 2 az 5 zakona €. 172/2005 Z. z. o organizacii Statnej podpory vyskumu a vyvoja
a 0 doplneni zakona ¢. 575/2001 Z. z. o organizacii ¢innosti vlady a organizacii ustrednej
Statnej spravy v zneni neskorSich predpisov v zneni zédkona €. 233/2008 Z.z. a Vv zneni
zakona ¢. 40/2011 Z.z., a rozpocet projektu spolocného podniku hradeny z prostriedkov
Statneho rozpoctu Slovenskej republiky je Specifikovany prijemcom v Casti C. Prilohy 3
k tejto zmluve.

Prijemca si za ucelom poskytnutia prostriedkov Statneho rozpoc¢tu Slovenskej republiky
poskytovatelom aich transparentného Cerpania zriadi osobitny ucet (d’alej len ,ucet
prijemcu).

Poskytovatel' poskytuje prostriedky Statneho rozpoctu Slovenskej republiky na ucet
prijemcu V jednotlivych rozpoctovych rokoch rieSenia projektu spolocného podniku
podl'a rozpisu celkovych opravnenych nakladov uvedenych v Prilohe 4 k tejto zmluve,
ktora je jej neoddelite'nou sucast'ou.

V prvom rozpoctovom roku rieSenia projektu spolo¢ného podniku poskytovatel’ poskytne
prostriedky Statneho rozpoctu Slovenskej republiky na Ucet prijemcu na zaklade
oficialneho oznamenia spolo¢ného podniku o ukonéeni technického rokovania k projektu
spolo¢ného podniku.

V kazdom d’alSom rozpoctovom roku rieSenia projektu spolocného podniku poskytovatel
poskytuje prostriedky Stdtneho rozpoctu Slovenskej republiky na ucet prijemcu na
zaklade dvoch dodatkov K tejto zmluve. Prvym dodatkom, zac¢iatkom rozpoctového roka,
poskytne poskytovatel’ prijemcovi 50 percent prostriedkov Stdtneho rozpoctu Slovenske;j
republiky uréenych na spolufinancovanie v prisluSnom rozpoctovom roku na zaklade
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9)

10)

11)

12)

13)

14)

15)

16)

17)

kontroly pouzitia prostriedkov Statneho rozpoctu Slovenskej republiky poskytnutych
prijemcovi v predchddzajucom rozpoctovom roku, ktor vykonava poskytovatel
Druhym dodatkom uzatvorenym az na zaklade vysledkov monitorovania a technického
auditu projektu spolocného podniku, ktoré vykondva spolo¢ny podnik poskytne
poskytovatel’ prijemcovi zvysnych 50 percent prostriedkov Statneho rozpoctu Slovenske;j
republiky urcenych na spolufinancovanie v prislusnom rozpo¢tovom roku.

Ak v prvom rozpoc¢tovom roku rieSenia projektu spolo¢ného podniku su prostriedky
Statneho rozpoc¢tu Slovenskej republiky poskytnuté poskytovatelom omeSkane na ucet
prijemcu voci terminu zacatia rieSenia projektu spolo¢ného podniku, ktory je zavézne
stanoveny spoloénym podnikom V ,technickej Specifikacii, z dévodu omeSkania
podpisania zmluvy medzi prijemcom a poskytovatelom alebo medzi prijemcom
a spolo¢nym podnikom, mdze prijemca na financovanie projektu spolo¢ného podniku
pouzit’ vlastné prostriedky, ktoré si potom refunduje z prostriedkov vedenych na ucte
prijemcu.

Rovnako v d’alsich rozpoctovych rokoch rieSenia projektu spolocného podniku, ak
poskytovatel' poskytne prostriedky Statneho rozpocétu Slovenskej republiky na ucet
prijemcu omeskane, mdze prijemca pocCas mesSkania pouzit na rieSenie projektu
spolo¢ného podniku vlastné prostriedky, ktoré si potom refunduje z prostriedkov
vedenych na ucte prijemcu.

Prijemca moze prostriedky Statneho rozpoctu Slovenskej republiky poskytnuté
poskytovatel'om na et prijemcu pouZit’ iba na stanoveny ucel.

Prijemca zodpoveda za hospodarenie s prostriedkami Statneho rozpoctu Slovenskej
republiky poskytnutymi poskytovatelom na tcet prijemcu aje povinny pri ich pouziti
zachovavat hospodarnost’, efektivnost’ a uc¢elnost’ ich pouzitia.

Vynos, ktory vznikol z uctu prijemcu, je podla § 7 ods. 1 pism. m) zédkona ¢. 523/2004
Z. 7. 0 rozpoctovych pravidlach verejnej spravy a o zmene a doplneni niektorych zdkonov
Vv zneni neskorSich predpisov v spojeni s Metodickym usmernenim Ministerstva financii
Slovenskej republiky c¢islo MF/7415/2005-421 prijmom S$tatneho rozpoctu Slovenskej
republiky.

Vynosom uréenym na vykonanie odvodu, st prostriedky, ktoré zostali na ucte prijemcu
po odpocitani celého poplatku za vedenie uctu prijemcu od urokov pripisovanych
bankou.

Lehota na vykonanie odvodu vynosov z prostriedkov Statneho rozpoctu Slovenskej
republiky vedenych na ucte prijemcu na ucet poskytovatela je do 31.3. nasledujuceho
rozpoctového roka.

Ak rieSenie projektu spoloéného podniku vyZaduje zaobstaranie tovarov, sluzieb a prac,
prijemca je povinny v cene pre ich zaobstaranie zohl'adnit’ najlepsi pomer kvality a vysky

ceny.

Prijemca pri zaobstardvani tovarov, sluzieb a prac z prostriedkov Statneho rozpoctu
Slovenskej republiky vedenych na uéte prijemcu musi postupovat’ podla zékona
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1)

2)

3)

1)

2)

3)

4)

1)

¢. 25/2006 Z. z. o verejnom obstaravani a 0zmene a doplneni niektorych zakonov
Vv zneni neskorsich predpisov.

CL3
Prava a povinnosti

Prijemca a poskytovatel’ zodpovedaju za v¢asné a riadne plnenie si povinnosti podla tejto
zmluvy.

Prijemca je povinny VSetky ndklady suvisiace s riesenim projektu dolozit’ prehl'adom
0 vyske, spdsobe atucele Cerpania financnych prostriedkov, vypracovanych podla
skutoénych nékladov na rieSenie projektu a platnych usmerneni a pokynov
poskytovatela v termine do 31. janudra nasledujuceho rozpoctového roka.

Prijemca je povinny uchovavat vsetky dokumenty a doklady, vratane uctovnych
dokladov, tykajicich sa projektu spoloéného podniku najmenej pocas piatich rokov
nasledujucich po roku, kedy skonéi doba spolufinancovania projektu spolo¢ného podniku
poskytovatel'om.

Cl. 4
Kontrola

Monitorovanie a kontrolu riesenia projektu spolo¢ného podniku vykonava spolocny
podnik podla Cl. 7 ods. 3 pism. j) a k) $tatatu spoloéného podniku.

Poskytovatel’ akceptuje zavery vyplyvajuce z monitorovacich sprav a vysledkov kontroly
rieSenia projektu spolo¢ného podniku vykonanych spolo¢nym podnikom.

Poskytovatel” je opravneny vykonat pre svoje potreby finan¢nti kontrolu podl'a zékona €.
502/2001 Z. z. o finan¢nej kontrole a vnitornom audite a 0 zmene a doplneni niektorych
zékonov v zneni neskorSich predpisov pocas trvania zmluvného vztahu medzi nim
a prijemcom ako aj po jeho ukonceni, a to aj v pripade odstipenia od zmluvy.

Prijemca je povinny pri vykone kontroly alebo auditu dodrziavat’ ustanovenia § 14 ods. 2
a § 35 0ds. 8 zakona ¢. 502/2001 Z. z. o finanénej kontrole a vnitornom audite a 0 zmene
a doplneni niektorych zakonov v zneni neskorsich predpisov.

CL5
Odstapenie od zmluvy

Poskytovatel’ ma pravo odstupit’ od zmluvy, ak
a) si prijemca neplni povinnosti stanovené v tejto zmluve,

b) riesenie projektu spolocného podniku ma zavazné chyby, ktoré zistil spolo¢ny podnik
pri monitorovani a kontrole rieSenia projektu spolocného podniku, alebo také chyby,
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2)

3)

4)

1)

2)

3)

Ze Cas na ich odstranenie by do znacnej miery znehodnotil ciel’ rieSenia projektu
spolo¢ného podniku,

¢) spolo¢ny podnik odstipi od zmluvy medzi nim a prijemcom z d’alSich dévodov
stanovenych v zmluve medzi nim a prijemcom,

d) dojde k zruSeniu spolo¢ného podniku.

Ak poskytovatel’ odstipi od zmluvy medzi nim a prijemcom z dévodov podla Cl. 5 ods.
1 pism. a) aZz c) tejto zmluvy, ma pravo pozadovat vratenie vSetkych prostriedkov
Statneho rozpoctu Slovenskej republiky nim poskytnutych prijemcovi.

Ak poskytovatel’ odstupi od zmluvy medzi nim a prijemcom z dévodov podl'a Cl. 5 ods.
1 pism. d), ma pravo pozadovat’ vratenie Casti prostriedkov Statneho rozpoctu Slovenskej
republiky, ktoré boli pouzité prijemcom po termine zruSenia spolo¢ného podniku.

Prijemca mé pravo odstupit’ od zmluvy v pripade, ak si poskytovatel’ neplni povinnosti
stanovené v tejto zmluve.

CL6
Sankcie

Prijemca je povinny prostriedky Statneho rozpoctu Slovenskej republiky neopravnene
pouzité na iny ucel nez ucel stanoveny v predmete zmluvy vratit na prijmovy ucet
poskytovatel’a.

Prijemca je povinny vratit na prijmovy ucet poskytovatela aj financné prostriedky
Statneho rozpo¢tu Slovenskej republiky z dévodov uvedenych v Cl. 5 ods. 3.

Sankcie za porusenie financnej discipliny prijemcom pri hospodareni s prostriedkami
Statneho rozpoctu Slovenskej republiky sa riadia § 31 zakona ¢. 523/2004 Z. z. o
rozpoctovych pravidlach verejnej spravy a o zmene a doplneni niektorych zakonov.

CL7
Vlastnicke prava k predmetu zmluvy

Vlastnicke prava k vysledkom rieSenia projektu spolo¢ného podniku sa riadia podla

ustanoveni Cl. 23 $tatatu spolo¢ného podniku.

1)

CL 8
Zavereéné ustanovenia

Prijemca a poskytovatel' sa zavdzujii bezodkladne navzijom sa pisomne informovat
0 zmenach identifikaénych udajov uvedenych v zmluve a akychkol'vek inych zmenach a
skutoénostiach, ktoré by mohli mat’ vplyv na prava a povinnosti vyplyvajice z tejto
zmluvy v lehote najneskor do 30 kalendarnych dni.
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2) Zmeny adoplnenia zmluvy moézu byt vykonané len prostrednictvom pisomnych
dodatkov podpisanych obidvoma zmluvnymi stranami.

3) Zmluva je vyhotovena v Siestich originaloch, pricom kazda zo zmluvnych stran obdrzi po
tri exemplare.

4) Zmluva nadobuda platnost’ diiom podpisania opravnenymi zastupcami zmluvnych stran
a ucinnost’ dilom nasledujiicom po dni zverejnenia.

5) Prilohy k zmluve su:

a) Priloha 1: Dohoda o sprave ¢. ENIAC-ED-27-09 uzavretd medzi spoloénym
podnikom a Ministerstvom $kolstva SR

b) Priloha 2: Technickd S$pecifikacia projektu - Technical Anex Energy for a green
society: From sustainable harvesting to SMART distribution. Equipments, materials,
design solutions and their applications

c¢) Priloha 3: Specifikacia projektu spoloéného podniku

d) Priloha 4: Rozpis celkovych prostriedkov Statneho rozpoctu Slovenskej republiky na
financovanie opravnenych ndkladov projektu spolocného podniku v jednotlivych
rozpoctovych rokoch jeho riesenia

V Bratislave dna

Eugen Jurzyca Martin Donoval
minister konatel’
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Priloha ¢.1 k zmluve

Eniac JOINT UNDERTAKING

DOHODA O SPRAVE MEDZI SPOLOCNYM PODNIKOM ENIAC

A MINISTERSTVOM SKOLSTVA SLOVENSKEJ REPUBLIKY

1. Zmluvné strany

Tento material ustanovuje dohodu medzi spolo¢nym podnikom ENIAC (dalej len ,,Spolo¢ny podnik®)
a Ministerstvom skolstva Slovenskej republiky (dalej len ,Narodny financujuci organ”), ktoré
ustanovila Slovenskd republika v sulade s ¢l.3 ods. 4 a¢l. 12 a ods. 3 Statutu Spoloc¢ného podniku,
ktory je prilohou Nariadenia rady (EK) ¢. 72/2008 z 20. decembra 2007, a ktorym sa zaklada
,Spoloény podnik ENIAC'“. Dohodou sa stanovuji vztahy medzi Spoloénym podnikom a narodnymi
financujdcimi orgdnmi uréenymi c¢lenskymi S$tatmi ENIAC pre administrativne zabezpeclenie
implementacie projektov a poskytovanie verejnych prostriedkov.

2. Rozsah

Tato dohoda detailne stanovuje poZiadavky kladené na obidve straty za uéelom implementacie
projektov vybranych Spoloénym podnikom. Je potrebné ju vykonavat v stlade s Nariadenim rady (EK)
¢. 72/2008, ktorym sa zaklada ,Spolocny podnik ENIAC”, vyzvami Spolo¢ného podniku na
predkladanie ndvrhov projektov, rozpoctovymi pravidlami Spoloéného podniku podla potreby as

¢lenstvom Slovenskej republiky v Spolo€nom podniku.

Tato dohoda je zavaznd pre Spolocny podnik a Nadrodny financujuci orgdn ustanoveny Slovenskou
republikou.

3. Vyklad tejto dohody

Narodna financujici organ je povinna zabezpecit vyklad poZiadaviek vyplyvajlcich z tejto dohody
a konat tak, aby umoznila implementacia projektov a poskytnutie verejnych prostriedkov tak, ako je
to stanovené v ¢lanku 12 odsek 3 statutu Spolo¢ného podniku.

Na zamedzenie necestnému konaniu a podvodom je potrebné riadit sa podla Nariadenia Rady (EK,

Euratom) ¢. 2988/95 zo dna 18. decembra 1995 o ochrane finanénych zaujmov Eurdpskych
spoloenstiev?, Nariadenia Rady (EK, Euratom) &. 2185/96 zo diia 11. novembra 1996 tykajlceho sa

1 0J L 30.4.2.2008, str. 21
20.v. EU L 312,23.12.1995, str. 1
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kontrol na mieste a previerok uskutoénovanych Komisiou za uc¢elom ochrany financnych zaujmov
Eurdpskych spolo¢enstiev proti podvodom ainym neestnym konaniam® a Nariadenia (EK) ¢.
1073/1999 Eurdpskeho parlamentu a Rady tykajuceho sa presetrovani ukoncenych Eurdpskym
iradom pre boj proti podvodom®”.

Vyrazy, ktoré sa pouZiju vtomto materiali, maju rovnaky vyznam ako v Nariadeni Rady (EK) ¢.
72/2008, ktorym sa zakladd ,Spoloény podnik ENIAC“, vo vyzvach Spolo¢ného podniku na
predkladanie navrhov projektov a v rozpoctovych pravidlach Spolo¢ného podniku.

4. Narodné zmluvy o grantoch
a) Komunikacia o opravnenosti narodnych kritérii

Narodny financujuci orgdn zabezpeci komunikaciu so Spolocnym podnikom ohladom opravnenosti
narodnych kritérii ainych zakonnych a finanénych poZiadaviek platnych pre kazdd vyzvu na
predkladanie navrhov projektov za Ucelom zostavenia narodnych zmlldv o grantoch s riesitelmi
projektu. Tieto kritéria a poZiadavky budu predloZené Spolo¢nému podniku este pred zverejnenim
vyzvy na predloZenie ndvrhov projektov Spoloénému podniku, a do 30 dni od poZiadavky vykonného
riaditela.

Odsuhlasené opravnené narodné kritéria budu v zmysle predchadzajuceho odseku zaclenené do
vyzvy na predloZenie navrhov projektov Spolocnému podniku.

Narodny financujlci organ uzatvori zmluvy o grantoch s riesSitelmi projektov v sulade s vlastnymi
vnutrosStatnymi predpismi s prihliadnutim na:

(a) iba kritérid opravnenosti, ktoré boli uvedené vo vyzve alebo vo vsetkych dalSich
aktualizaciach vyzvy;

(b) iné zakonné afinancné poziadavky na zostavenie ndrodnych zmldv o grantoch, ktoré
stanovuju narodné zakony a predpisy, a ktoré boli odkonzultované so Spoloénym podnikom
v uzavierke podla predchadzajuceho odseku.

b. Vyber navrhov projektov

Spolo¢ny podnik je zodpovedny za hodnotenie a vyber ndvrhov projektov a za pridelenie verejnych
prostriedkov riesSitefom projektu podla na vyzvy na predkladanie navrhov projektov Spolo¢ného
podniku.

Predlozené navrhy projektov su posudzované nezavislymi odbornikmi.

Rada verejnych organov schvdli zoznam vybranych navrhov projektov, doplneny Gdajmi o verejnych
prostriedkoch (Spolo¢ného podniku a/alebo narodného financujliceho organu) ako aj odporicaniami
na dalSiu fazu rokovani. Vykonny riaditel Spolo¢ného podniku oznami jednotlivym Ziadatelom
a Narodnému financujucemu organu tieto vysledky spolo¢ne s bodovym hodnotenim, pripomienkami
a pripadnymi odporucaniami na zmeny do 15 dni od uskutocnenia vyberu.

U.v.EUL 295, 15.11.1996, str. 2
*0.v.EUL139,31.05.1999, str. 1
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Na zdklade tejto komunikacie a v zmysle zoznamu vybranych ndvrhov projektov, ktoré schvalila Rada
verejnych organov, zacne Spoloc¢ny podnik v zastipeni vykonnym riaditelom technické rokovania
s ciefom schvélit ,Technicku $pecifikiciu projektu® vramci limitov vyjednavacieho mandatu
a finanénych zdrojov na riesitela projektu podla rozhodnutia Rady verejnych orgdnov.

e Vpripade, Ze boli technické rokovania Uspesne ukoncené, vykonny riaditel predlozZi ich
vysledky spolocne s kompletnou prislusSnou dokumentaciou riadiacej rade a Narodnému
financujucemu orgdnu za ucelom vypracovania narodnej zmluvy o grante.

e V pripade zmien, ktoré nemdze mandat Rady verejnych organov vopred predpokladat alebo
v pripade neudspesnych technickych rokovani, vykonny riaditel predloZzi na schvéalenie Rade
verejnych organov vysledky rokovani spolo¢ne zo Ziadostou o zmenu projektu. Rozhodnutie
Rady verejnych organov predlozi vykonny riaditel riadiacej rade a Narodnému financujicemu
organu spolo¢ne s kompletnou prislusnou dokumentéaciou, aby mohla byt vypracovana
narodnej zmluva o grante.

Po ukoncéeni rokovani predlozi Spolo¢ny podnik koordinatorovi zvoleného konzorcia na podpis
zmluvu o grante Spolo¢ného podniku a pristupové podklady.

¢) Vypracovanie narodnych zmlav o grantoch

Po ukonceni vyberového konania arokovania, ktoré uskutocnil Spolocny podnik, Narodny
financujuci orgdn vypracuje spolocne s riesitefmi projektov narodné zmluvy o grantoch. Narodné
zmluvy o grantoch budud zostavované v sulade s pravidlami Narodného financujliceho orgéanu, aj
v pripade, Ze Ziadne narodné verejné prostriedky nie su zabezpecené Radou verejnych organov
predovsetkym, ¢o sa tyka kritérii opravnenosti ainych nevyhnutnych finanénych a pravnych
poziadaviek, okrem pripadov kedy nie je mozné vypracovat narodnd zmluvu o grante z dévodu
nesplnenia ndrodnych kritérii oprdvnenosti zo strany rieSitela projektu alebo inych finanénych
a zdkonnych pozZiadaviek.

Finalna schvalend ,technickd Specifikacia projektu” vyplyvajuca zrokovacieho procesu
uskuto¢neného Spoloénym podnikom bude rovnaka® pre vypracovanie narodnych zmlav
o grantoch k tomu istému projektu vo vsetkych Elenskych statoch ENIAC.

Datum zaciatku atrvania projektu bude Specifikovany v ,technickej Specifikacii projektu”.
Ndrodné zmluvy o grantoch stanovuju oprdvnené naklady, ktoré budu poskytované odo dna
zacCatia rieSenia projektu nezavisle od datumu ich podpisania.

> ,Technicka Specifikacia projektu” predstavuje technicky material, ktory o najjasnejsie a strucne popisuje vsetky ¢innosti,
aktivity a Glohy, ku ktorym sa Géastnici projektu zaviazali a spifiaji vedecké avyskumné ciele stanovené vzmluvéch
o grantoch. Vychodiskom je popis vedeckych/technologickych cielov apracovnych planov nacrtnutych v navrhu
projektu, ktoré sa v priebehu hodnotenia a pocas dalSich rokovani o zmluve eventudlne upravia na zaklade Specifickych
odporucani externych znalcov. Okrem tejto jej pravnej zavaznosti ,technicka Specifikacia projektu” sluzi pre prijemcov
grantu, Spolo¢ny podnik, Narodny financujuci organ a eventudlne pre externych znalcov ako referencny udaj, aby mohli
efektivne sledovat a kontrolovat napredovanie daného projektu pocas celého jeho trvania.

® okrem prekladov, ak je to potrebné
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Ndarodny financujlci orgadn zabezpeci, aby ustanovenia ndrodnej zmluvy o grante boli v sulade
s ¢lankom 107 odseku 1 rozpoctovych pravidiel ENIAC, ktoré uvadzaju, ze ak si rieSenie projektu
vyzaduje, aby prijemca uskutocnil verejné obstaravanie, musi poziadavku vo vyberovom konani
formulovat na zaklade najlepsej ponuknutej ceny, t.j. vo vyberovom konani ponukne najlepsi
pomer ceny a kvality, pri¢com sa snazi vyhnut konfliktu zaujmov.

Narodny financujici organ vynalozi maximalne Usilie, aby urychlil svoje interné postupy na
uzatvorenie narodnych zmliv o grante. Narodna zmluva o grante musi byt podpisand najneskor
do 30 dni od ukoncenia rokovani, ktoré uskutocnil Spolo¢ny podnik (ENIAC).

Narodny financujuci organ bude informovat Spolo¢ny podnik o podpise narodnej zmluvy o grante
a képiu narodnej zmluvy o grante predlozi Spolo¢nému podniku do 15 dni odo dia jej podpisu jej
prijemcom.

Nasledne bude Spoloény podnik informovat Narodny financujici organ o podpisani zmluvy
o grante medzi Spolo¢nym podnikom a prijemcom a kdpiu tejto zmluvy o grante mu predlozi do
15 dni odo dnia jej podpisu.

Zmluva o grante Spolo¢ného podniku nadobida platnost po pripojeni sa minimalne troch
neprepojenych subjektov, ktoré boli zaloZzené v minimdlne troch ¢lenskych krajinach Spolo¢ného
podniku v den pripojenia sa posledného z nich.

d) Technicky monitoring

Spolo¢ny podnik je zodpovedny za monitorovanie rieSenia projektu vsulade s ,Technickou
Specifikaciou projektu,,.

Konzorcium predlozi Spoloénému podniku svoju technicku spravu(y)’ a vystupy v terminoch, ktoré
s na predloZenie sprav stanovené v , Technickej Specifikdcii projektu” a zmluve o grante uzavrete;j
medzi Spolo¢nym podnikom a riesitemi projektu.

Spoloc¢ny podnik poskytne technické spravy a vysledky technického hodnotenia rieSenia projektu
nim vykonané Narodnému financujucemu organu do 15 dni po ich schvdleni a potvrdeni
vykonnym riaditefom.

Technické hodnotenie rieSenia projektu vypracované Spoloénym podnikom zohladni v pripade
potreby Specifické poZiadavky danej krajiny navrhnuté Narodnym financujdcim organom, ktoré
Narodny financujlci organ potrebuje pre akceptovanie Uhrady nékladov prijemcov grantov.

Narodny financujici orgdn nebude poZadovat dalSie dodato¢né technické spravy okrem tych,
ktoré pozaduje Spolo¢ny podnik.

Spravy, ktoré su predkladané Spolo¢nému podniku, st vyhotovené v anglickom jazyku.

’ Technicka sprava pozostava z prehladu o napredovani prac pre dosiahnutie cielov projektu, vratanie Uspechov
a dosiahnuti milnikov avystupov stanovenych v ,Technickej Specifikacii projektu” arozdielov medzi
ocakavanymi a skuto€ne zrealizovanymi ¢innostami. Technickd sprava(y) obsahuje aj informacie o riadeni
(manazovani) projektu a upravenu verziu planov pre jeho vyuzivanie a zverejiovanie.
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e) Finanény monitoring/Platby

Ndrodny financujlci orgdn spracuje poziadavky na Uhradu nakladov prijemcov grantov v ich
vlastnom jazyku podla vlastnych postupov danej krajiny azohladni vysledky technického
monitoringu, ktory uskutocnil Spolo¢ny podnik. Zabezpedi, aby boli naroky platné a naklady
oprdvnené av sulade s narodnou zmluvou o grante. VSetky ostatné potrebné kontrolné ¢innosti
spadaju do kompetencie Narodného financujuceho organu.

Pripadne Narodny financujlci orgdn zrealizuje platby z prostriedkov Statneho rozpoctu priamo
prijemcom podla narodnych zmliv o grantoch.

Narodny financujuici organ potvrdi Spolocnému podniku vysku akceptovanych nakladov, inych
finanénych alebo zmluvnych oblasti tykajucich sa plnenia ndrodnej zmluvy o grante a pripadne aj
kazdu platbu uskutocnenu voci prijemcovi grantu. Narodny financujuci organ posle toto
potvrdenie Spolo¢nému podniku do 15 dni od jeho realizacie. Narodny financujici organ
zabezpedi realizaciu finanéného a zmluvného monitoringu vyluéne v zmysle narodnych predpisov
a postupov.

Prislusne Spolo¢ny podnik zrealizuje Uhradu svojho prispevku prijemcom grantu do 30 dni od dna
prijatia hore uvedeného potvrdenia od Narodného financujiceho organu.

Narodny financujuci orgadn bude zabezpecovat evidenciu platieb prijemcom grantov. Narodny
financujuci orgdn obdrzi informacie o prisluSnom finanénom monitoringu vykonanom Spolo¢nym
podnikom.

Spolo¢ny podnik a Narodny financujlci organ suhlasia s poskytovanim si dokazov o platbach
uskutocnenych pri plneni prislusnych zmliv o grantoch predloZenim kdépie prevodného prikazu na
Zziadost druhej strany.

Kazda strana upovedomi druhu stranu o pripade, Ze dojde kzdrZaniu alebo zniZeniu platby
v dosledku neuspokojivého konania prijemcu alebo z iného dovodu zdrzania platby najneskér do
15 dni od jeho zistenia.

5. Pravo na zaplatenie

Kazda strana upovedomi pisomne druhu stranu hned' ako zisti, Ze prijemca porusil zmluvu o grante
uzavrety s touto stranou ako aj povinnost pouzit prostriedky statneho rozpo¢tu na vopred stanoveny
Gcel. V pripade grantov, ktoré podliehaju pravu na zaplatenie, je nevyhnutné uchovavat dokumenty
zodpovedajlice uplatiiovaniu tohto prava (napr. dohody azaznamy o platbach) po dobu
eventualneho vymahania.

6. Dodatky a ukoncenie zmltv o grantoch

Je v zodpovednosti kazdej strany upozornit druhd stranu, Zze povazuje jej konanie za neadekvatne a
chce v platbach grantov uskutocnit zodpovedajicu zmenu pre ich pokracovanie na zaklade dodatku
alebo ukondit zmluvu o grante.
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V pripade Ze je potrebné v, Technicke]j $pecifikacii projektu” uskutocnit podstatnd zmenu, Spoloény
podnik bude informovat Narodny financujuci organ o Gcele dodatku. Narodny financujlci organ
predlozi Spoloénému podniku Specifické poziadavky svojej krajiny najneskér do 15 dni od ziskania
tejto informdcie. Novu , Technicku Specializaciu projektu” prerokuje Spolo¢ny podnik po zohladneni
vSetkych poZiadaviek Narodného financujuceho orgdnu. Spolocny podnik ozndmi Narodnému
financujucemu organu aktualizovanu verziu ,Technickej Specifikacie projektu” do 15 dni od
ukoncéenia tohto rokovania.

Akykolvek iny dodatok , Technickej Specifikacie projektu” prerokuje Spoloény podnik, ktory ozndmi
Narodnému financujucemu orgdnu zmenu , Technicke] Specifikacie projektu” do 15 dni od ukoncenia
tohto rokovania.

Do 15 dni je Spolo¢ny podnik zodpovedny informovat Narodny financujici organ o akejkolvek zmene
alebo ukonceni zmluvy o grante medzi Spolo¢nym podnikom a prijemcom.

Do 15 dni je Narodny financujici orgédn zodpovedny informovat Spolo¢ny podnik o akejkolvek zmene
alebo ukonceni zmluvy o grante medzi Narodnym financujldcim orgadnom a prijemcom.

7. Audity — kontroly

Spolo¢ny podnik bude u prijemcov verejnych financnych prostriedkov Spolocného podniku
uskutoénovat kontroly na mieste afinancné audity. Tieto kontroly a audity bude vykonavat bud’
priamo Spolo¢ny podnik alebo Narodny financujuici orgdn v mene Spolo¢ného podniku na zaklade
Ziadosti Spolo¢ného podniku. Narodny financujuci orgdn méze na vykonanie kontrol a auditov
menovat externy organ, ktory tak urobi v jeho mene. Narodny financujici orgadn je opravneny
uskutoénit u prijemcov prostriedkov 3tatneho rozpoctu iné kontroly a audity, v pripade Ze to
povazuje za nevyhnutné a Spolocny podnik oboznami s ich vysledkami.

Obidve strany sa budu vzajomne informovat o zacati ako aj o vysledkoch vsetkych kontrol a auditov
ustanovenych v zmysle predchadzajuceho odseku, a to do 15 dni.

8. Politika prav dusevného vlastnictva

Pre ucely narodnych zmliv o grantoch v rdmci tejto zmluvy a bez toho, aby boli dotknuté pravidla
hospodarskej sutaze Spolocenstva, prednost maju ustanovenia o duSevnom vlastnictve schvalené
Nariadenim Rady (EK) €. 72/2008 pred vnutrostatnymi predpismi, pravidlami o poskytovani grantov
alebo projektami suvisiacimi s dusevnym vlastnictvom.

9. Doverné informacie

Vsetky informacie, ktoré prislusnd strana ziska v suvislosti s touto dohodou, sa budl povaZovat za
doverné a kazda strana suhlasi, zZe:

(a) bude doverné informacie chranit zodpovedajicim aadekvatnym spbsobom vsulade s
platnymi odbornymi Standardami;

(b) bude dbverné informacie pouzivat a reprodukovat len na Ucely stanovené v tejto dohode;
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(c) nebude zverejriovat alebo inym spdsobom poskytovat déverné informécie inym osobam ako
tym, ktoré tieto informacie potrebuju na splnenie Gcelu stanoveného v tejto dohode.

Predchadzajuci odsek sa nebude vztahovat na informacie,
(a)  ktoré st verejne zndme; alebo
(b)  ktoré prijimacia strana uz pozna;

(c) ked je zverejnenie dévernych informacii pozadované narodnym zakonom.

10. Administrativne zaleZitosti

Zucastnené strany tejto dohody si budu uchovavat a aktualizovat zoznam kontaktnych os6b
zodpovednych za vybavovanie zaleZitosti tykajucich sa tejto dohody.

Obidve strany sa budu vzijomne informovat o inych osobach, ktoré s zodpovedné za prislusnu
uzavretud zmluvu o grante.

Kompletna komunikacia medzi stranami sa uskutoériuje v anglickom jazyku?®.

Kompletna pisomna komunikacia medzi zi¢astnenymi stranami tejto dohody bude pripadne uvadzat
nazov zmluvy a identifikacné cislo (Narodného financujiceho organu /alebo Spolo¢ného podniku).
Kazda strana bude druhej strane odpovedat na otdzky tykajice sa tejto dohody najneskér do 7
pracovnych dni. V pripade, Ze druhd strana nedostane Ziadnu odpoved ani do 15 dni, bude sa to
povaZovat za kladnu odpoved.

11. Prdava kontroly Eurdpskej komisie, OLAF a Dvora auditorov

V suvislosti s touto dohodou zabezpecia obidve strany uplatiovanie kontrolnych prav Eurdpskej
komisia, Eurépskeho uradu pre boj proti podvodom a/alebo Dvora auditorov podla ¢lanku 12 odseku
5 a ¢lanku 12 odseku 6 Nariadenia rady (EK) ¢. 72/2008.

12. RieSenie sporov

Sud prvého stupna alebo odvolaci sud, Sudny dvor Eurdpskych spolocenstiev ma vyluénud sudnu
pravomoc pri rieSeni sudnych sporov medzi Spoloénym podnikom a Narodnym financujucim
organom, ktoré sa tykaju vykladu, uplatnenia alebo platnosti tejto dohody.

13. Trvanie dohody

Tato dohoda nadobudne platnost v den jej podpisania oboma stranami dohody a bude platna pocas
obdobia ¢lenstva Slovenskej republiky v Spoloénom podniku. Tuto dohodu mozno kedykolvek menit
na zakladne vzdjomného pisomného sihlasu zucastnenych stran. Tato dohoda nezahfna teraz alebo

gy pripade, Ze je nevyhnutné podpisat pévodné materidly, ktoré Narodna grantova organizacia vyhotovuje
v domacom jazyku, Narodna grantova organizacia ich predloZi spolo¢ne s prekladom do anglického jazyka.
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v buducnosti ziadnu vymenu finanénych prostriedkov, ani vytvorenie akéhokolvek zavazku voci ¢asti
akejkolvek strany na vykonanie Uhrady voci inej strane.

Tato dohoda pozostava z Uplnej dohody uzavretej medzi zd¢astnenymi stranami na stanoveny ucel
a jej Upravy alebo dodatky platia len po uvedeni a priloZeni podpisov obidvoch stran tejto dohody.

Vyhotovené v Bruseli v dvoch kdpiach

za Spolo¢ny podnik za Ministerstvo Skolstva Slovenskej republiky
vlastnorucny podpis vlastnorucny podpis

Dirk Beernaert p. Marta Cimbakova

docasny vykonny riaditel riaditelka odboru Statnej a eurdpskej politiky

vo vede a technike

Usek vedy a techniky
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1 ESSENTIALS

ERG

Project acronym

ERG

Project full title

ENERGY FOR A GREEN SOCIETY: FROM
SUSTAINABLE HARVESTING TO SMART
DISTRIBUTION. EQUIPMENTS, MATERIALS, DESIGN
SOLUTIONS AND THEIR APPLICATIONS.

Sub Programme, in order of
importance

SP3 - Energy Efficiency - main priority of the project
SP5 - Silicon process and integration
SP4 - Design Methods and Tools

Version of Technical Annex 4.0

Date of Technical Annex 27/07/2011
Date of approval of Technical

Annex by the ENIAC JU™:

Start Date of Project 01/06/2011
Duration of project 36 months

Maximum JU funding

4,293,851 euro

Coordinator

STMicroelectronics S.r.l.

Project coordinator

Dr. Francesco Gennaro

Telephone / Mobile

+39 095 7404481 / +39 328 8421565

Email

francesco.gennaro@st.com

liobe completed by the Joint Undertaking
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Number Amendment number
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4.0 27/07/2011 | Version for JU GA
X.y dd/mml/yyyy | Version for JU GA
X.y dd/mm/yyyy | Amendment 1 to the JU GA
X.y dd/mml/yyyy | Version used for Progress
Report 1
X.y dd/mm/yyyy | End of project
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3 PUBLISHABLE PROJECT SUMMARY

The research, development and demonstration activities planned for the ERG project
focus on the solar energy supply chain, starting form solar cells and proceeding along with
innovative energy extraction (harvesting) techniques, high efficiency power conversion and
finally managing the energy distribution inside a smart grid, with the target of different
classes of applications, from house to small area, as well as application specific “local grid”
(healthcare, automotive, etc.).

By considering the full solar energy supply chain, we expect to produce relevant
improvements of the industrial state-of-the-art in the efficiency of solar cells, in the
optimization of energy generated by photovoltaic systems, in the loss reduction of power
converters and, finally, in energy management strategy.

At the initial chain-link of the energy value chain, the project aims to design and develop
a set of innovative solar cells. In particular we primarily target the development of ultra-thin
(20 micron) Si wafer PV cells, Si hetero-junction cells (tandem/multi-junction and hetero-
junction contacts), novel architectures (e.g., back-contact), novel materials (for Si hetero-
junctions, ARC, and passivation dielectrics), novel approaches for screen printing and laser
processing, with focus to the case of back-contact cells. As a promising low-cost alternative
to Si, ERG will pursue the goal of totally printable dye-sensitized-solar-cells (DSSC). This will
include (a) printable electrolyte (to replace liquid electrolyte), (b) advanced TiO2 electrode,
and (c) counter electrode (to meet high performance DSSC applications). The overall
objective is to demonstrate DSSC products for commercial applications.

The next downward chain-link addressed by the project deals with optimization of the
energy generated by photovoltaic systems by focusing on power management electronics for
silicon cell panels and on micro electromechanical systems for Concentrated Photovoltaic
cells (CPV). The complete supply chains will be considered for optimum energy exploitation
by Maximum Power Point Tracking (MPPT) and power conversion on module / segment
levels for PV and also CPV solar generators. The architecture study will elaborate different
profiles of end-users, including direct grid connection, energy storage option and E-mobility
support.

As the final chain-link is concerned, the project will develop behavioural models for the
individual components of the “Smart Grid”. This allows the development of optimal energy
dispatching and battery charging algorithms. These algorithms will obtain their input from
sensors distributed over the network, with typically, but not exclusive, a wireless
communication infrastructure.

A full set of demonstrators, including innovative PV cells, novel conversion systems for
PV and CPV inverters, and network demonstrators based on a household application and an
industrial application will complete the project deliverables.
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4 RELEVANCE AND CONTRIBUTIONS TO THE CONTENT AND OBJECTIVES OF
THE CALL

4.1 Relevance

Target activities

The ERG project will develop innovative solutions to enhance the solar energy value-
chain by means of a more efficient energy management from high performance PV
cells to power conversion, intelligent drive control, power delivery and interface to
smart-grid. The project targets the transversal Sub-Programme SP3: Energy Efficiency.

SP3 deals with the development of innovative technologies and components, which are
the basis for new energy efficient products and intelligent power management to allow
increased competence in these emerging lead markets in line with the ‘sustainability’
objective. Efficient generation, distribution and intelligent control of energy can reduce
electrical energy consumption in Europe by 20% to 30% until 2020 and CO, emission in the
same order of magnitude in order to achieve the Kyoto protocol targets and to limit the
energy cost increase.

By enforcing the guidelines of the ENIAC AWP 2010 and the MASP roadmap on
“Energy Efficiency”, the project’'s streamlines are intended to rely upon the relevant existing
projects (i.e. SmartPM) by leveraging its synergy and complementarities. In particular, ERG
will push forward the two Grand Challenges:

A. ’"Sustainable and Efficient Energy Generation — CO, Reduction”, dealing with
renewable solar energy.

B. “Energy Distribution and Management — Smart Energy Grid”, to achieve a
reliable, flexible, accessible and yet cost-effective power supply.

A. The energy generated by a Photo Voltaic facility is typically available on a non-
continuous basis. This implies the need for power conversion (i.e. DC/DC, DC/AC) and
sometime local storage buffering before being committed to delivery through the grid. The
goal of the project is to further improve the efficiency of the whole supply chain, pushing the
efficiency to exceed 20% and reach up to 25% for high performance photovoltaic cells; 20%
losses reduction for the AC/DC and DC/DC; 90% battery (slow charge); 91% overall grid.

B. The future “smart energy grid” will be a combined management of incoming power, of
distribution of power and of outgoing power at both local (i.e. Urban district, smart city) and
global level (i.e. country or even continental wise). This could include also the future bunch of
millions of electric batteries belonging to the electrical vehicles plugged-in at home’s park lot.
The project will develop innovative solution to optimize the local smart grid with regards to
power management and co-generation, power consumption, efficiency, as well as real- time
energy metering and billing control.

2000-2007: installations of photovoltaic PV panels and wind turbines always exceeded
the most optimistic forecasts!

2008/EU-27: new installations based on Renewable Energy exceeded in power the new
installations based on fossils! (Ref.: www.EWEA.org, www.EPIA.org).

2009/EU-27: new installations based on Renewable Energy have produced during peak
hours more energy than that of the new installations based on fossils!

2009-2013: PhotoVoltaics  worldwide  growing at 40% CAGR  (Ref:
www.greentechmedia.com).

2009-2013: PhotoVoltaics in USA growing at 50% CAGR (largest market) (Ref:
www.spireCorp.com).



http://www.ewea.org/
http://www.epia.org/
http://www.greentechmedia.com/
http://www.spirecorp.com/
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Svnergy with other priorities

The technologies and systems developed within the ERG project are linked to other
Subprograms for the development of a common technology base. Synergy areas with other
priorities are:

Power management technology and control strategies in relation to SP1
“Automotive & Transport”

High power electronics in relation to SP6 “Equipment, Materials and
Manufacturing”.

Targeted approach

The ERG approach fulfils the requirements specified in the ENIAC 2010 AWP. In fact:

It is expected that the topics of the Sub-Programme would be covered by large
scale projects, with a broad industrial participation. A critical mass is required
to provide solutions that could be widely deployed in the European scenario, and to
achieve a large degree of standardization to provide tools and methodologies that
can be used also by smaller design companies and reduce costs.

The cooperation of user companies (IDMs, fabless), designh centres, universities
and institutes in the projects will contribute to build a solid electronics design base
for Europe and establish standards.

Topics of projects mentioned in the AWP and in close relationship with ERG

Serving the Grand Challenge “’Sustainable and Efficient Energy Generation — CO,
Reduction”

Development of innovative solar cells for higher performance photovoltaic systems.
Development of optimization methods for energy extraction.
Efficient power conversion platforms.

Serving the Grand Challenge “Energy Distribution and Management — Smart Energy

Grid”:

Development of innovative smart energy distribution, utilization and management
strategies.

Cooperation with other research activities

The project will use existing links of partners to existing projects for re-usage of results
and cooperation during project runtime. Especially to be mentioned are projects:

SmartPM: technology base for high voltage handling (TEL, IFAG, ST, Fraunhofer).
APOLLON: optic, assembly, tracking of CPV systems (STIAG).

SmartCoDe: control of energy demands for buildings and neighborhoods
(associated partners IFAG, TEL).

END: Models, Solutions, Methods and Tools for Energy-Aware Design (ST, IFAG).

THERMINATOR: Modeling, Control and Management of Thermal effects in
Electronic Circuits (ST, IFAG, NXP, etc.).
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4.2 Measure of success

The expected results of the proposed ERG project are grouped in four areas of interest
in which the activity of the project will be focused. By considering the solar energy supply
chain, we expect to produce relevant improvements in the efficiency of solar cells, in the
optimization of energy generated by photovoltaic systems, in the loss reduction of power
converters and finally in energy management and distribution strategy, as listed in the

following table.

ERG

Innovative solar
cells

Optimization
method for energy
extraction

Efficient power
conversion

Smart Energy
distribution,
utilization and
management

Single junction with
hetero-junction
contacts with
efficiency equal or
larger than 20% in
standard conditions
(1 sun, AM1.5G
spectrum, 25 °C) with
short circuit current
equal or larger than
39 mA/cm? and open
circuit voltage equal
or larger than

680 mV.

Silicon cells for
concentration PV with
a target series
resistance of
25mQcm? or lower
and, efficiency at
least 20% at 100suns
and up to 25% peak
efficiency.

Ultra-thin Si wafer PV
cells with efficiency of
approximately 20%
and thickness in the
range 20 - 50 pm.

30 x 30 cm’” DSSC
module for
commercial
equipment charging
applications with an
expected active area
efficiency of 7%.

Reducing the current
cost of the average
concentrator area
(such as mirrors)
from the current 150
to 110 €/m?.

Development of a
“smart junction box”
for advanced energy
extraction at panel
level including
DC/DC converter with
embedded novel
MPPT algorithm.

Increase in energy
production up to 30%
and better
maintenance.

Increased efficiency
in power conversion
by avoiding large
shadowing effect and
by intelligent handling
of failures.

Reduction of energy
losses by 20% in the
supply chain.

Demonstration of the
gained efficiency by
using prototype
systems for PV and
CPV converters.

Development of novel
energy dispatching
and battery charging
algorithms and
implementation of
wireless network
infrastructure for
smart grid operation.

Enhanced Mean
Satisfaction Degree
of final users up to
80-85%.

Increased efficiency
of the battery
charging process of
10% with respect
traditional systems.

Demonstration of the
fully integrated
infrastructure and
software for a large
scale distribution grid
and an industrial
micro-grid.
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5 R&D INNOVATION AND TECHNICAL EXCELLENCE

5.1 Concept and objectives

By the end of 2008, total world energy consumption was approximately 15TWh while the
PV installed capacity was 16GW. To make a significant contribution to worldwide energy
demand, the industry needs to move from gigawatts of production to terawatts. The historic
rate of growth for PV since 1975 has been 30% per year, and in the last decade the growth
has been close to 40%.

At the beginning the demand consisted in utility and government grid-connected
demonstration projects, and in the off-grid market. The strong growth rate observed in recent
years is due to subsidies, initially in Japan, Germany and California, later reinforced in
Germany thanks to the Feed-in Tariff (FiT) law, soon followed by similar laws in many other
European countries.
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Figure 1 — PV Installation evolution with regional divisions, including short term forecast (Source:
iSupply April 2010).

PV technology is dominated by silicon, in the form of crystalline and multi-crystalline
modules. Recently the thin film technology has acquired more and more momentum, thanks,
from one side, to the huge advancements mainly in the CdTe, with contributions of
amorphous-Si and CIGS technologies, and on the other side, to a silicon feedstock supply
shortage which affected the module cost of crystalline and multi-crystalline Si in the period
2004-2008. The shortage period has ended, producing a strong decline in the price of silicon
modules. This is indeed also attributed to a massive entrance of strong Chinese producers
and the reduction of the European FiT.

The expectation of the PV exponential growth for the next and the following decades, as
required by the 20-20-20 objective and the general EU policies, creates new formidable
technological challenges. These in turns require substantial developments in the field of
energy harvesting and distributed generation, efficient power conversion and power
management.
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Figure 2 — Time evolution of the number of JCR Publications per year in the area of CMOS and of PV
cells (Source: ISI Web of Knowledge)

This requirement is very well mirrored by the rapid growth of research articles published
in the area of photovoltaic technology, which indicates the huge sector growth in the last few
years both from the technological / scientific side and from the industrial / economic side.

In this highly competitive context, the ERG project focuses on the whole solar energy
supply chain, starting from solar cells and proceeding along with innovative energy
harvesting techniques, high efficiency power conversion and finally managing the energy
distribution inside a smart grid, with the target of different classes of applications, from house
to small area, as well as application specific “local grid”.

As far as the photovoltaic cell technology is concerned, Silicon remains the most
important material in the near-medium term, while in a longer term view other approaches
such as organic PV or hybrid such as dye-sensitized-solar cells (DSSC) may become very
important. For this reason we have focused our research in these two areas. The first part of
our Project (WP1) will focus on the realization of innovative crystalline Si solar cells. The
areas of activity will concern the design and fabrication of prototype cells, study on novel
materials, and innovation in the sector of industrial advanced Si PV cell manufacturing,
including processing and characterization tools. The focus subjects will be in the sectors of:

e Ultra-thin Si wafer PV cells

e Si hetero-junction devices (both the case of tandem / multi-junction cells and the
case of hetero-junction contacts used only as minority carrier mirrors)

¢ Novel architectures for Si cells, with emphasis to the case of back-contact cells
¢ Novel materials (for Si hetero-junctions, ARC, and passivation dielectrics)

e Novel approaches for screen printing and laser processing, with focus to the case of
back-contact cells

As quantitative targets for the prototype cells we aim to realize single junction Si cells
with efficiencies with hetero-junction contacts equal or larger than 20% in standard conditions
(1 sun, AM1.5G spectrum, 25 °C), with short circuit current equal or larger than 39 mA/cm?
and open circuit voltage equal or larger than 680 mV. We also plan to realize a single
junction Si PV cell version with hetero-junction contacts suitable for Concentration PV, able
to work above 100 suns, with a target series resistance (for the packaged device, 1 cm x 1



Technical annex ERG

cm approximate size) of 25 mQ*cm? or lower, with an efficiency of at least 20% at 100 sun
and up to 25 % peak efficiency.

In WPL1, ultra-thin Si cells will also be investigated, aiming to increase the conversion
efficiency and to reduce the thickness of the cell. By implementing advanced light trapping
strategies, we will develop ultra-thin Si cells with efficiency approximately of 20%. On the
other hand, by reducing the thickness of the cell to the range 20-50 micron, lower costs will
be achieved.

Another part of WP1 concerns the development of advanced or modified materials for
high performance DSSC toward the goal of totally printable DSSC. This will includes (a)
printable electrolyte (to replace liquid electrolyte), (b) advanced TiO, electrode and (c)
counter electrode to meet high performance DSSC applications. The overall objective is to
demonstrate DSSC products for commercial applications. This will include (a) a low-power,
low light compatible monitoring DSSC for wireless sensing in PV tracing application, and (b)
a 30 x 30 cm® DSSC module for commercial equipment charging applications, with an
expected active area efficiency of 7%.

ERG will also develop advanced concepts for PV field configuration. Today’s PV power
stations are realized connecting several panels in series in order to define a bus voltage
large enough for the inverter working modalities. Depending to the total installed power many
strings are connected in parallel. This approach is called “Concentrated” because the panels
are connected to the converter which is responsible of their power management. The
“Distributed” approach is the technique in which the panel power management is made at
panel level by “Smart Junction Box” including a DC/DC converter with embedded the MPPT
algorithm. Such a technique presents several advantages in terms of increasing in energy
production (up to 30%) and also in better maintenance.

Different distributed philosophies are present on the market but they show some
limitations from cost or application points of view. In any case several millions of panels are
today equipped by smart boxes. The individuation of a distributed architecture overcoming
these limits should definitively open the PV market to this innovative solution with large
advantages especially for building integrated systems.

The chart in Fig. 1 shows the PV installations in 2009 and the forecasts for the 2010 and
2011 with growth rates close to 100% per year. Translating these pictures in number of PV
modules (200W typical) we reach huge numbers, of the order of many tens of Mpanels/Y.

In such context, WP2 aims to develop advanced methods for energy extraction from PV
modules, focusing on novel concepts for MPPT and low cost systems for concentrated PV. In
particular the activity will be on:

e micro-electromechanical systems with dedicated electronics for concentrated
photovoltaic;

o efficient power conversion at the single PV module level by means of DC/DC
converters able to generate a suitable voltage for grid-connected systems;

e building blocks for future converters representing an innovative approach for
distributed architecture, allowing maximum power extraction from single PV modules
thanks to dedicated MPPT function and high efficiency conversion for low power
grid-connected systems.

WP3 is dedicated to the power conversion problem. Actual solutions for conversion for
the generated DC power into usual AC systems are dominated by medium and high power
systems, which provide the best ratio between cost and performance. In order to increase
performance — without sacrificing cost benefits — several approaches are upcoming and
using segmented converters for higher efficiencies. The optimum structure size and internal
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architecture is open to this time and is offering an essential possibility for increased
efficiency, for example by avoiding large shadowing effects and by intelligent handling of
failures. The goal for energy saving by conversion systems is set to 20% reduction of losses.
Each intermediate step of developments will be measured for the contribution of this general
target.

The concept of ERG provides basic architecture evaluations to improve the electrical
efficiency for a broad range of PV applications by improving and combining all promising
options along the complete supply chain, including:

e Solar cells of newest generations

e Technologies with lowest losses

e Converter Schemes with autonomous flexibility

e  Storage options for grid protection and E-mobility support
e Low-loss grid connectivity.

WP4 is dedicated to the problem of the power grid architecture. In grids powered by
renewable energy sources, like PV, it becomes essential to actively match the load demand
with the instantaneous power generation in combination with the available stored energy.
Besides an energy flow from source to load in state of the art systems bi-directional
communication between source, storage and load become essential. An efficient
management strategy can only be implemented when advanced models are available of all
components. ERG will develop those models and implement the communication
infrastructure for smart grid operation. Demonstrators will include an application of the
communication infrastructure and software for a large scale distribution grid and an industrial
micro-grid.

5.2 Progress beyond the state-of-the art

WP1 - Innovative solar cells

The theoretical limit of Si photovoltaic (PV) cells under standard AM1.5G irradiation has
been evaluated by a number of authors, and the most cited limit value is the Queisser-
Shockley estimate of 1961, of about 30% maximum power conversion efficiency of single
junction PV cell with a gap of 1.1 eV. This is considered quite close to the “real” limit, also by
considering various refinements to the original Queisser-Shockley theory and alternative
models that have been proposed so far. From the experimental side, the theoretical limit has
been almost reached in the case of the best cells, and in particular in the case of a crystalline
silicon solar cell with front / back contacts and with the Passivated Emitter Rear Local
diffused (PERL) architecture. These achieved an efficiency of about 25%. The PERL
structure is however quite complex and for the industrial exploitation different routes are
considered more realistic to achieve the ultimate limits. Let us therefore briefly review the
major loss mechanisms operating in a Si cell to understand the reasons for our proposed
areas of research.

A source of loss is the minority carrier silicon bulk recombination through defects and by
Auger mechanism. However, the lifetime in current state-of-art production silicon ingots is
well above 1 ms, and this implies that bulk recombination will not be a major problem. The
big issue comes from the passivation of the surfaces and the cell contacting. Ideally the
surfaces should be minority carrier mirrors, i.e., no recombination. Shallow diffusions that are
passivated with high quality thermal silicon dioxide have J, of over 20 fA/cm?. Real Si PV
cells have much larger Jo, and this gives a noticeable impact on lowering the efficiency.

An approach to contacts is to put a hetero-junction with a band-gap larger than silicon
between the metal and silicon. If the conduction and valence bands are properly aligned to
silicon's, this has the effect of creating a minority carrier mirror. The best developed such
contact uses hydrogenated amorphous silicon, such as in the Sanyo HIT cell. For this cell the
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main processing step consists in depositing a highly doped amorphous hydrogenated silicon
film (aSi:H) on top of a thin “buffer” layer of intrinsic aSi:H with controlled low defect density
on doped crystalline silicon substrate by using plasma enhanced chemical vapour deposition
(PECVD) systems at temperatures below or close to 200 °C. The dark |-V characteristics
reveal that the backward current density can be considerably larger than expected. This is
due to the high density of interface states originated from plasma damage on the c-Si surface
and a high defect state density in the a-Si layer. To reduce the damage at the interface with
the c-Si substrate, the deposition conditions of the a-Si layers, coupled to hydrogen plasma
treatments or HF etching prior to the deposition to clean the c-Si surface, can improve the
whole cell performance. A further improvement of the HIT structure has been demonstrated
by introducing a Back Surface Field (BSF) a-Si layer to increase the minority carrier diffusion
length and to decrease the rear surface recombination velocity. The BSF is similar to the top
a-Si stack, i.e. it is a thin intrinsic a-Si layer and a doped a-Si film. By also texturing the
surfaces to increase the internal reflectivity, conversion efficiency goes beyond 20%. The key
points of such a structure are the large band-gap and the interface states of the hetero-
contacts. In order to increase the band-gap and to implement the exciton quantum
confinement between silicon nanostructure embedded in the layer after separation, we will
analyze the use of SiN layers. Moreover, to passivate both front hetero-junction emitter and
back contact, a doubled sided structure will be investigated, that is Silicon Rich Oxide (SRO).
Hetero-junction solar cells based on a-Si:H, SRO and SiN layer will be implemented by
means of Inductively Coupled Chemical Vapour Deposition (ICPCVD). Electrical, optical and
structural properties of these solar cells will be analyzed to achieve a better efficiency.

Concerning the field of hetero-junction solar cells, we will investigate Il1-V multi-junction
(MJ) solar cells. The current state of the art is a 3 junction concentrator cell based on the
Ge/GalnAs/GalnP system2 with champion device conversion efficiencies of over 40%.
Concentrator PV (CPV) systems facilitate increased efficiency with “production” efficiencies
of 25% for Si and 35% for IlI-V currently demonstrated. In order to lower the cost and at the
same time to have higher efficiency than single junction Si, 1lI-V 2 junction and 3 junction
systems, such as GaAs/GalnP or Ge/GalnAs/GalnP can be developed. However in both
cases these cells are 10-100 times more expensive per cell area than Si due to substrate3
and epitaxy processing costs. Moreover, we need to take into account the toxicity of
conventional 11I-Vs and the abundance of Ge#. 1II-N (AlGaInN) materials are direct band gap,
thus efficient emitters and absorbers right the way to their band edge. The spectral range of
InGaN varies from the UV (360 nm) to infrared (1.7 um). Unlike current multi-absorption solar
cell materials, e.g. the 3J system based on Ge/GaAs/GalnP, this potentially enables
effectively full solar spectrum absorption through only one material system. Furthermore, the
performance of 1lI-N power and LED devices grown on Si does not appear to suffer from the
large density of crystalline defects as with conventional 1ll-Vs. An additional advantage is the
robustness of nitride-based solar cells for high temperature operation®, which is particularly
relevant under high solar concentration in CPV. Several theoretical studies®’ have shown
that InGaN PV “top” cells can provide considerable (10-15%) efficiency enhancements to
conventional structures. Significantly, 2 and 3 junction tandem InGaN/Si cells have
theoretical efficiencies of up to 28% and 35%, respectively8. This can be increased further to
over 40% under optimum concentration, cell temperature control and resistive loss
minimisation. In this field we plan to optimize the design for single and multi-junction

2 M.A. Green et al, Prog. Photovoltaics: Research and Applications, 17, 320 (2009)
3 Ge and GaAs wafers are about 8-10 times more expensive than Si and limited to 8"/200mm diameter

4 Kurtz, Kurtz_ Technical Report NREL/TP-520-43208 July 2008 Opportunities and Challenges for Development
of a Mature Concentrating Photovoltaic Power Industry

5 G.A. Landis et al, NASA report 2005/CP-2005-213431/27

6 H. Hamzaoui et al, Sol. Energy Mater. Sol. Cells, 87, 595 (2005)
7 X. Zhang et al, J. Phys. D, 40, 7335 (2007)

8 L. Hsu and W. Walukiewicz, J. Appl. Phys. 104, 024507, (2008)

12



Technical annex ERG

INGaN/Si solar cells. In order to fabricate InGaN/Si solar cell we will make use of
metalorganic vapour phase epitaxy (MOVPE) growth. Moreover, the characterization of the
designed devices will be performed to test suitability of the proposed structures.

In the field of CPV systems, we propose to implement a breakthrough in packaging to
reduce the large costs. Nowadays very expensive materials are used to package this type of
cells. We aim to use semiconductor assembly technology which should bring to a reduction
in the packaging cost of a factor 2.

The other source of losses is optical. The front surface reflectance cannot be zero, but it
can be small. Moreover, other improvements can come by increasing the back surface
reflectance. The grid reflection and grid resistance can be addressed by changing the PV cell
architecture. In a conventional bulk crystalline silicon solar cell, the emitter is located near the
top of front surface and the contacts and the metal grid are on the front. The base contact is
instead on the rear surface that is often fully covered by metal. The front grid has to be a
trade-off between having low coverage to limit optical losses and high coverage to limit
resistive losses.

Current state of the art photovoltaic technology based on crystalline solar cells provides
modules with typical conversion efficiency around 17% and cell thickness of 150 microns.
The work planned in this field aims to contribute to further development of crystalline-silicon
technology targeting at higher conversion efficiencies (by implementing advanced light-
trapping strategies) and lower costs (by developing of ultra-thin photovoltaic cells with wafer
thickness in the range 20-50 micron obtained by a smart-cut technique and by using
advanced low-breakage wafer handling and contact screen printing processes). Advanced
low-temperature deposition processes for passivation and anti-reflection coating layers will
be also developed.

The back contact cell architecture with both contact of the rear side allows to significantly
reducing both shadowing and resistive losses leading to an improvement in cell efficiency.
Furthermore, the back contact design has considerable advantage related to easier and
cheaper module assembly and to improved aesthetic appearance. On the other hand, the
advanced cell structures generally invoke process modifications of which the related costs
have to be compensated by the gain in performance and reduced module manufacturing
costs.

Back contact cells are divided into three main classes: back-junction (BJ), emitter wrap-
through (EWT) and metallisation wrap-through (MWT). In a conventional solar cell, the front
grid usually consists of thin parallel lines (fingers) that transport the current to centrally
located busbars. The bus-bars are relatively wide and can be used as solder pads to connect
to the external leads. In a metallisation wrap-through (MWT) back-contact cell, the emitter is
still located near the front surface, but part of the front metallisation grid (bus-bar) is moved
from the front to the rear surface. The remaining front surface grid is connected to the
interconnection pads on the rear surface by extending it through a number of openings in the
wafer. In the emitter wrap-through (EWT) cell, all contacts are on the rear surface but the
emitter is still near the front. The connection between the active emitter near the front surface
and the emitter contacts on the rear surface is provided by extending the emitter in the walls
of holes in the substrate. Finally, in the back-junction (BJ) cell concept, the emitter is no
longer located near the front surface, but together with the contacts moved to the rear
surface. Extensive TCAD physics-based electro-optical numerical simulation will be
performed in order to evaluate the impact of available technological options on the PV cell
performance.

In addition, extended experimental characterization will be performed in order to
evaluate the performance and the long-term reliability of the fabricated solar cells.
Furthermore we will develop advanced non-contact characterization techniques to be
integrated in the solar-cells production line in order to have a fast and efficient screening of
the single cell during the production of the full module.

DSSC, invented in the early 90s at EPFL by Prof. M. Graetzel, currently stands with 11.2%

13



Technical annex ERG

certified efficiency, reported on glass based small area cells (1 cm?). Uncertified efficiencies
measured range up to 11.9%, achieving 14-15% efficiency by 2012 on glass substrates is
the declared target of most research projects, currently pursued by various research groups.
Even if efficiency and lifetime need to be improved, DSSCs present several advantages with
respect to conventional solid-state solar cells. The notable among them are its performance
at low light levels and increased operating temperatures, both of which are of primary
relevance to building integrated PV (BIPV) and the solar cells for vehicles. The solar
powered cars need to operate round the year at varying levels of light intensity, without the
need to orient the PV panels. The most important factor is not the peak power generated, but
the total energy harvested over the illumination period, from January to December, at
different geographical locations.

Long term field test data are available from Japan as well on this vital subject. DSSC
modules, fabricated by Aisin Seiki in Japan, have been tested with polycrystalline silicon (pc-
Si) running for several years. The test results revealed the advantages of the DSSC as
compared with silicon modules under outdoor conditions: for equal rating under standard test
conditions, the DSSC modules produced 20-30% more energy than poly-crystalline silicon2.
Test data published by Aisin Seki (Toyota Group) of Japan as well as by SolarPrint Limited of
Ireland are presented below.

These mesoscopic solar cells based on an interpenetrating network or bulk junctions can
be fabricated at much lower cost using standard laboratory techniques (spin coating, dip
coating, screen printing, etc.) DSSC is the only PV device that separates the two functions of
solar light harvesting and charge carrier transport. The conventional PV cells perform both of
these operations simultaneously, resulting in stringent demands on the purity of materials
and much higher production costs.

With all of its advantages, DSSCs is now approaching maturity to penetrate the PV
market. The field of DSSC is only about 20 years old, compared to silicon PV, which have
been in existence for over 50 years.

The growing interest in DSSC is verified by the evolution of patents in the field,
amounting to about 350 patents on DSSC. The following are some of the leading companies
with commercial ambitions for glass-based DSSC: IMRA-Aisin Seiki/Toyota (JP), Sharp (JP),
Samsung (Korea), OrionSolar (Israel) and SolarPrint (Ireland). Further, flexible type DSSC
prototypes are developed by e.g. Toshiba, DAI Nippon and Peccel Tec. (JP), Corus (UK),
Konarka (USA), G24i (UK), Toppan Forms, Leonhard Kurz (D), Mitsubishi (JP) and
SolarPrint (Ireland). Several companies are also involved in producing and selling specific
DSSC materials and production equipment like Solaronix (Switzerland) and Dyesol
(Australia). The most urgent action required for further maturing DSSC on which partners are
working are: increasing of efficiency (already 15% by multi-injection stacked DSSC3)
especially for plastic substrates, sealing methods for lifetime increasing and to prevent losses
of electrolytes4 (also using quasi-solid or ionic liquid electrolytes suitable for other
electrochemical devices, as batteriesb).

Even though the conversion efficiency at AM1.5 may still be low as compared to other
types of PV (silicon, and thin films), DSSC shows remarkable performance of having better
conversion efficiency in other lighting conditions. SolarPrint has conducted the comparison
between DSSC and silicon cells in many lighting environments and has the following
conclusions. First, in the solar spectrum, DSSC outperformed crystalline silicon cell below
400 W/m?, which is approximately 40% of the full sunlight of AM1.5 condition. Second, in
white LED light, DSSC outperforms crystalline solar cell in all lighting intensities within the
test range, i.e., from 100 to 10,000 lux.

The target of the leading ERG Partner in DSSC, SolarPrint, is to launch applications in
the market which has a relatively small, but nevertheless a substantial growth share in the
future. Equally attractive will be its low cost of manufacturing and its environmental friendly
processing and materials to be used. Moreover, its potentially viable technology for flexible,
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light weight and conformal surface contour for applications such as portable devices, on-
board charge for automobiles, wireless sensors, garments etc.

An important upcoming application will be Electrification of Road Transport which
European Commission has been promoting for next 10-20 yearss. DSSC can be used to
charge automobile directly on board. Light-weight, flexible, conformal DSSC can be installed
in the car interior where is directly exposed to sunlight such as dash board. It also can be
integrated as part of the automobile exterior which is exposed to direct sunlight. Potentially
viable process for DSSC on polymer substrate is the most promising technology to make
light-weight, flexible and surface conformal solar cell without compromising for weight
increase or appearance athletics. Medium-to-low, diffused light contributes most of the
charge for automobile in everyday life.

Indirect charging can be also accomplished by using DSSC to power through the grid.

Independent measurements performed by Aisin Seiki (Toyota Group) of Japanese show
consistent observations as what have been found in SolarPrint Limited.

Figure 3 is the comparison of generated power between DSSC and silicon cells in sunny
days in different months of the year. Figure 4 is the comparison of power output between
DSSC and silicon cell on the roof 30 degrees facing south and north. It is important to note
that for cells facing north, DSSC generate 40% more power than silicon.

With the characteristics shown above, DSSC has been demonstrated as a practically
useful solar cell for power generations in many applications.
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Figure 3 — Generated electricity for DSC modules: clear and sunny days.
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Figure 4 — Generated electricity of DSC modules on roofs inclined to South and North.
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Silicon currently represents the most important material in the near-medium term for the
photovoltaic field, but in a longer term view organic PV or hybrid dye-sensitized-solar cells
(DSSC) may become very important. For this reason the aim in this field is to develop
advanced materials for high-performance DSSC products in order to implement a totally
printable DSSC processing technology. Moreover we will demonstrate DSSC products for
commercial applications.

WP2 — Optimization method for energy extraction

Concerning PV power stations, at the state of the art, they are based on “concentrated”
converters. Several panels are connected in series in order to define a bus voltage enough
for the inverter working modalities. Depending to the total installed power many strings are
connected in parallel. In this approach the converter is responsible of their power
management. In this field we aim to develop high efficiency front-end circuits directly
integrated with the single photovoltaic cell to implement “distributed” maximum power point
tracking (MPPT) and power conversion and management architecture. Since the power
budget provided by the single cell is extremely low, strong innovations are required to design
circuits able to work efficiently at very low power and voltage. Further, the novel idea is to
integrate also the power management with the MPPT and the DC-DC conversion circuits, to
manage and combine the power collected from every cell in a modular system perspective.
Concentrated photovoltaic energy production requires the concentration of solar energy in a
precise location at low cost. We will cover this issue by designing an optical subsystem
based on extensive use of distributed electronic micro-systems for sun tracking and power
concentration.

We will develop a “Smart Junction Box” for PV panels able to increase the efficiency of
the power distribution outgoing from the Photovoltaic Panels (PVs), due to the reduced
contact resistance and consequently the reduced power loss. Dedicated integrated circuits
will be inserted in this box in order to control with high efficiency the power converters for
distributed architectures. A novel power switch will be also developed, base on a split-gate
XtreMOS™ module. Moreover, we will design and develop a dedicated control system for
DSSC modules.

In addition we will investigate a novel approach for building block for future converters
which allows maximum power extraction from single photovoltaic panel due to a dedicated
MPPT function and high efficiency conversion for low power grid-connected systems in the
range up to 400W.

WP3 — Efficient power conversion

According to actual tests under realistic conditions (Photon, April 2010, P136) the
converter market is showing efficiencies from 89.1% (1KW) to 96.9% (11KW). In other words
3.1% to 10.9% of valuable energy is lost at this stage only, especially for small and medium
sized converters.

Every step forward in this stage will directly improve the overall efficiency. Starting from
the state of the art, new approaches and architectures for energy conversion will be
investigated. The concept of ERG provides basic architecture evaluations to improve the
electrical efficiency for a broad range of PV and also for CPV applications by improving and
combining all promising options along the complete supply chain which are discussed here.
In order to have high efficiency systems, the SOI technology will be evaluated since it allows
obtaining very low standby losses for intelligent power control. Innovative converter schemes
with autonomous flexibility will be investigated. The aim of this approach is to reduce the
power degradation due to effects like shadowing, aging or failure of solar modules.
Moreover, the energy storage option for grid protection and E-mobility support will be
analyzed.

By combining the energy storage circuits with the sub-module concept, it is possible to
reach highly flexible and scalable power supply for mobile applications. In addition, a low-

16



Technical annex ERG

loss grid connectivity will be evaluated. The importance of overall converter efficiency is
crucial for the success of European solar industry in order to keep and increase the leading
worldwide position.

WP4 - Smart Energy Distribution, Utilization and Management

State of the art of smart energy dispatching strategies for the charging of electrical
vehicles (EVs) and energy storage systems are based on the scheduling of the charging
process on the basis of negotiation phases between the user and the electric utility in which
information about fares, amount of required energy and maximum time available for
completing the charging before user drive off are exchanged. However developed algorithms
use time-constant charging current, that in the presence of multiple contemporary requests of
charging, may lead either to underutilizing the potential grid capacity or grid to collapse.
Some variable rate charging algorithms have been also developed, but not taking into
account actual relationship between charging rate and system efficiency, leading to poor
performances in terms of final user degrees and power dissipation. Clearly, conventional
chargers systems do not offer the flexibility in current rate and charging strategies required
by the implementation of smart dispatching/charging algorithms.

Concerning energy management in the context of distributed generation, we are
targeting the definition of a fully integrated platform based on wireless sensors, from the
design of the various Zig-Bee sensor nodes to the software infrastructure for data collection
and presentation that leverages a set of widely available and open source software stacks for
wireless network operation and data collection. This represents a significant improvement,
allowing researchers and designers to focus on the aspects that add more value to the
system: the smart management policies on the one hand, and the ultra low-power sensors
nodes on the other.

In this context, realistic behavioural models, based on power sources and load profiles,
will be introduced for the individual components in the network in order to develop novel
energy dispatching and battery charging algorithms that allow the optimal utilization of the
electric energy supplied by the energy distribution system and the photovoltaic systems.
Sensors distributed over the wireless network infrastructure will provide inputs to such
algorithms. For this purpose the goal is to enhance the Mean Satisfaction Degree of final
users from the currently achieved value of 67% up to 80-85%. Smart charging algorithms will
be proposed with the aim to increase the battery charging process efficiency of 10%
compared to standard systems.

Moreover novel performance analysis techniques will be developed leading to obtain fast
and accurate metrics of execution times and power consumption for the complete networked
electronic system.

A main smart grid demonstrator will be build based on household applications and a
smaller one will be focused on industrial/healthcare applications for a large scale commercial
smart grid.
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6 SCIENTIFIC TECHNICAL APPROACH AND ASSOCIATED WORK PLAN

6.1 Overall strategy and general description

The work in ERG is organized in 4 work packages (WP). ERG also includes two service
WPs, not shown in the figure, which cover the activities of Dissemination, Exploitation, IPR
management (WPML1), and Project Management (WPM2).

WP1: Innovative Solar Cells (Leader: CNR)

Silicon remains the most important material in the near-medium term, while in a longer
term view other approaches such as organic PV or hybrid such as dye-sensitized-solar cells
(DSSC) may become very important. For this reason the ERG Project, as far as the
photovoltaic cell technology is concerned, is focused in these two areas. The first part of
WP1 will concentrate on the realization of innovative crystalline Si solar cells. The areas of
activity will concern the design and fabrication of prototype cells, study on novel materials,
and innovation in the sector of industrial advanced Si PV cell manufacturing, including
processing and characterization tools. The large research Consortium allows facing most if
not all of the crucial issues in this area. In fact, the focus subjects will be in the sectors of:

e Ultra-thin Si wafer PV cells

e Si hetero-junction devices (both the case of tandem / multi-junction cells and the
case of hetero-junction contacts used only as minority carrier mirrors)

¢ Novel architectures for Si cells, with emphasis to the case of back-contact cells
e Novel materials (for Si hetero-junctions, ARC, and passivation dielectrics)

¢ Novel approaches for screen printing and laser processing, with focus to the case of
back-contact cells.

Another part of WP1 concerns the development of advanced high performance DSSC
cells and modules, toward the goal of a totally printable DSSC, proposing new solutions in
terms of materials, including printable electrolyte (to replace the standard liquid electrolyte,
and advanced TiO, electrode and counter electrode.

Both in the case of advanced Si and of DSSC cells we plan to realize state of the art
devices in terms of power conversion efficiency, and to provide effective perspectives for PV
cell cost reduction, through the accurate study on novel materials and new PV cell
manufacturing technologies.

WP2: Optimization method for energy extraction (Leader: ST)

Starting form efficient solar cells and photovoltaic panels it is mandatory to extract all
available power with the highest possible efficiency. This is typically performed by means of
dedicated and complex MPPT (Maximum Power Point Tracking) algorithms working at
concentrated level of high power inverters able to provide standard AC voltage on the output
either for stand-alone or grid-tied applications. The efficiency of this approach is not
satisfactory due to several factors, e.g. mismatch, partial shadowing, and negatively impacts
the yearly energy production of photovoltaic systems, regardless of the efficiency of the
single components.

In order to improve the global behaviour of small to medium photovoltaic plants an
innovative approach, based on distributed architecture is investigated, designed and
developed, taking advantage on the strong experience of in semiconductor technology,
system development and integration the involved partners.

The solar cells developed in WP1 will be used by WP2 to build such an innovative
architecture. Specific electronic and electromechanical solution will be developed for each
solar cell technology in order to maximize the energy extracted from the cells.
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The distributed systems represent also a suitable field for smart grid integration, linking
WP2 with WP4.

WP3: Efficient Power Conversion (Leader: TEL)

The energy generated by solar cells has to be converted to appropriate voltage levels for
energy storage and/or transportation with focus on minimum losses at every stage. Complete
supply chains therefore will be build for optimum energy exploitation by MPPT tracking and
power conversion on module / segment levels for PV and also CPV solar generators.
Starting from specifications of requirements, the architecture of design solutions will be
explored, as well for segmentation on module level, interfacing of function blocks, as for
splitting of tasks between hardware and software control. The architecture study will
elaborate different profiles of end-users, including

e direct grid connection
e energy storage option
e e-mobility support.

The results of this WP will be demonstrated on base of prototypes of novel conversion
systems for PV and CPV inverters. Final evaluation of gained efficiency and comparison to
previous states will complete this WP.

WP4: Smart Energy Distribution, Utilization and Management (Leader: POLITO)

WP4 will develop the behavioural models for the individual components in the network
and for the network as a whole. This allows the development of optimal energy dispatching
and battery charging algorithms. These algorithms will obtain the inputs from sensor
distributed over the network, with typically, but not exclusive, a wireless communication
infrastructure. A demonstrator will be built based on a household application and an industrial
application.

WPM1: Dissemination, Exploitation, Standardization (Leader: ST)

WPML1 is concerned with activities that will secure the major impact of the project results
onto the international industrial and scientific community such as standardization,
dissemination of project results, and definition of exploitation plans and execution of work
preparatory to results exploitation.

WPM2: Project Management (Leader: ST)

WPM2 regards all the project management activities; technical management, resources
management and communication with JU and IPR Management.

Co-operation

Results of WP1 for innovative solar cells will be taken into account and the cooperation
with WP2 will be essential for the use of optimal strategy and methods. First results will used
in the specification phase of WP3 and advanced methods can be implemented in the second
design phase. The results of WP3 will be used in parallel by WP4 for the preparation of
advanced energy distribution concepts.

WP2 and WP3 are working at different approaches for converters (DC/DC, DC/AC),
trackers and communication modules for use in PV or CPV systems. The main differences
are in power levels (WP3 considers both module-level and PV-array-level power conversion,
whereas WP2 only considers module-level power conversion) and on details, such as the
used power topology. A close cooperation of WP2 and WP3 is planned in order to keep track
of the upcoming results and to avoid overlapping tasks as far as possible. Common meetings
and exchange of specifications are foreseen and a comparison of results will be done in the
final phase.
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6.2 Work package description

Work Package

WP1 Start date or starting event: M1
number

Work Package

. Innovative solar cells
title

Participant 1 2 4 7 8 9 10
number

Participant ST AMAT IUNET UNICAL UNICT CNR ELETTRA
short name

Person- 72 114 90 25 17 55 58
months per
participant

Participant 21 22 25 26 31 35
number

Participant LEITAT STUBA SPR Tyndall BTE USFD
short name

Person- 24 98 72 24 50 32
months per
participant

Objectives

The aim of this work package is the development of innovative solar cells. The objectives are
split between four Tasks:

Task 1.1: Hetero-junction Crystalline silicon cells

¢ Silicon based wide band-gap alloys deposited by PECVD on crystalline Si (CNR, ST,
ELETTRA, STUBA)

¢  MOVPE growth of novel AlinGaN epitaxial films on Si (Tyndall, ELETTRA, STUBA)

Task 1.2: Ultra-thin Si cells
e  Smart-cut process based on porous silicon (IUNET)
e Low-breakage handling (AMAT)

Task 1.3: Novel architectures for high performance silicon cells

¢ Modeling of emitter wrap through, metal wrap through, back-junction solar cells and
Optimal cell design by advanced evolutionary algorithms (IUNET, UNICT, Uni-CAL)

o Device realization (among emitter wrap through, metal wrap through, back-junction
solar cells) (ST)

e Passivation and antireflection layers deposited by low-temperature processes (BUT)

e Low-cost manufacturing (screen printing of materials other than standard metal pastes
(such as inks, dopant sources, or mask layers), screen printing in the presence of holes
(AMAT)

e Design automated or semi-automated line for metallization and back-end processing of
back contact cells, including emitter wrap through, metal wrap through, back-junction
solar cells, etc (AMAT)
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Encapsulation methods for Concentrated PV (CPV) receivers, including receiver
concept designs for CPV, development and testing of high heat resistant compounds
(300C), and development of encapsulation method for Film assisted molding (BTE).

Task 1.4: Printed DSSC
Development of advanced materials, formulation and printing technology for :

(a) printable electrolyte (to replace liquid electrolyte),
(b) advanced TiO2 photo-electrode
(c) counter electrode to meet high performance DSSC applications.

Development of a printable DSSC process based on these materials and techniques

Demonstration of multicell DSSC devices for industrial applications,

(a) alow-power, low light compatible monitoring DSSC module for wireless sensing

in PV tracing application, and

(b) alarge (approximately 30 x 30 cm2) DSSC module for commercial equipment
charging applications.

Develop / Adapt screen printing technology for DSSC cells.

In the following we describe in more details the activities carried out in this work package.

WP1 Innovative Solar Cells

Heterojunction
crystalline Si cells.

Ultra-thin Si cells.
Leader: IUNET

Novel architectures for high
performance Si cells. Leader: ST

Printed DSSC.
Leader: SolarPrint

Leader: CNR
[ [ A
Wide band- MOVPE Smart-cut Low- Modeling of emitter sivation and Development of
gap Si alloys growth of process breakage wrap through, metal anti Ctiol ers advanced materials,
on crystalline novel AlinGaN based on handling wrap through, back- deposit; low- formulation and
Si (CNR) epitaxial films porous silicon (AMAT) junction solar cells te ature printing technology.
on Si (Tyndall) (IUNET). (IUNET, Uni-CT, Uni- cesses (BUT) |

CAL)

front passivation and anti-reflection coating

Device realization
(among emitter wrap
through, metal wrap
through, back-
junction solar cells)
(ST

Low-cost
manufacturing by
screen printing

(AMAT)

Development of a fully
printable DSSC device
fabricating process

Encapsulation
methods for
Concentrated PV
(CPV) receivers
(Boschman)

Design automated or
semi-automated line
for metallization of
back contact cells
(AMAT)

Multiple cell design,
development testing
and optimization.

m asi
~ -

crystalline silicon

substrate

7

interdigitated contacts

Development /
adaptation of a screen
print technology for
DSSC cells (AMAT)

Description of work

Task 1.1: Hetero-junction Crystalline silicon cells. Leader CNR
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Leader: CNR — Other participant(s): STUBA, Tyndall, ELETTRA
Start date: M1 — End date: M36

Silicon based wide band-gap alloys on crystalline Si (CNR, STUBA, ELETTRA)

Current state of the art PV technology based on wide band gap alloys are hetero-junctions of
aSi:H layers on crystalline Si with structures like the HIT cells. This technology offers conversion
efficiencies higher than 20%. Advantages of such a structure are related to the simple fabrication
processing, to the low required thermal budgets, to the higher Voc, and to the excellent
performance at high temperature. The key point of the hetero-structure approach is that wide
band-gap layers need only to be of sufficient electronic quality to support the quasi-Fermi level
separation in the high quality narrow-gap active layer. Due to its larger band gap, the hetero-
contact material may be disordered and of poor quality and still be able to support the voltage
generated in the active layer. The other main point is that the interface states at the hetero-
contact must be passivated. This interface can be obtained by inserting a buffer passivation thin
layer of intrinsic aSi:H with low defect density, between the emitter and the substrate.

The quality of the a-Si based materials is determined by deposition parameters such as:
substrate temperature, pressure, flow rate of the source gases, plasma frequency, power and
dilution of the feedstock gases with hydrogen. The symmetrical structure where the wide band
gap layer is formed on both sides of a high quality c-Si wafer effectively passivates both a front
hetero-junction emitter that collects minority carriers and a back contact that collects majority-
carriers. Pioneering works on such a double-sided structure proposed the usage of Silicon Rich
Oxide (SRO) as a wide band-gap material for a superior quality hetero-junction. Changes in the
oxygen dilutions determine the nanograin size, thus providing a control on the density of
potential contact points with the substrate, and consequently ensuring enough conductivity for
majority — carrier electrons. Further importance relies on the usage of SiN layers, for the
increase of the band gap and/or for the exciton quantum confinement within silicon
nanostructures embedded in the layer formed after phase separation, with the major advantage
of a lower energy barrier respect to the SiO,.

CNR activity will be focused on the fabrication and testing of materials and devices based on
Hetero-junctions with Silicon based Wide Band gap alloys. In particular CNR will focus on
Oxygen rich silicon films (SIPOS), SRO, and Nitrogen rich silicon, using hydrogenated
amorphous Si as baseline material for the hetero-junction on crystalline Si. The deposition
technique will be PECVD. The first part of CNR activity will be on the materials formation, and
optimisation of the process parameters, in terms of deposition temperature, plasma energy and
gas fluxes. Evaluation of the structural, optical and electrical properties of the different materials
deposited on a few reference diodes with transparent Top Contacts (TC) will be delivered at M12
(D1.1). Atfter choice of selected materials, hetero-junction devices both in the TC configuration as
reference PV diodes and in the BC configuration, will be realised in collaboration with ST at M18
(D1.2). Structural and electrical characterizations will be performed and delivered at M24 (D1.3).
Particular attention will be devoted to the evaluation of important material characteristics such as
sheet resistance, band gap and CB/VB offsets (in collaboration with ELETTRA). Based on the
characterisation results, a second optimised version of the diodes in the TC, and of the devices
in BC configuration, will be realised at M30 (D1.4). The final detailed characterisation on all the
optimised devices will be available at M36 (D1.5).

STUBA offers the precise nanoscale structural analysis of the geometry, morphology and
physical properties of materials and structures by FE SEM (SE, EDS, EBIC, CL), ION-TOF
SIMS, AFM and microRaman spectroscopy combined with optical and electrical characterization
performed in a wide temperature range to support the technological development and
optimization of fabrication process.

ELETTRA will characterize the Hetero-junctions with Silicon based Wide Band gap alloys with
synchrotron radiation. Particular attention will be devoted to the evaluation of important material
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characteristics such as band gap and CB/VB offsets, band bending, interface formation.

MOVPE growth of novel AlinGaN epitaxial films on Si (Tyndall, STUBA, ELETTRA)

The current state of the art in I11-V multi-junction (MJ) solar cells is a 3 junction concentrator cell
based on the Ge/GalnAs/GalnP system with champion device conversion efficiencies of over
40%. Concentrator PV (CPV) systems facilitate increased efficiency with "production”
efficiencies of 25% for Si and 35% for IlI-V currently demonstrated. However there is a need for
a cell with a lower cost than 1lI-V but higher efficiency than 1J Si for CPV. Up to now, the only
viable solution has been IlI-V 2J and 3J systems such as GaAs/GalnP or Ge/GalnAs/GalnP
which in both cases are 10-100 times more expensive per cell area than Si due to substrate and
epitaxy (i.e. MOCVD) processing costs in the case of llI-V growth. There are additional issues to
consider relating to the toxicity of conventional 1lI-Vs and the abundance of Ge. llI-N (AlGalnN)
materials are direct band gap, thus efficient emitters and absorbers right the way to their band
edge. The spectral range of InGaN varies from the UV (360 nm) to infrared (1.7 pym). Unlike
current multi-absorption solar cell materials, e.g. the 3J system based on Ge/GaAs/GalnP, this
potentially enables effectively full solar spectrum absorption through only one material system.
Furthermore, the performance of IlI-N power and LED devices grown on Si does not appear to
suffer from the large density of crystalline defects as with conventional 1ll-Vs. An additional
advantage is the robustness of nitride-based solar cells for high temperature operation, which is
particularly relevant under high solar concentration in CPV. Several theoretical studies have
shown that InGaN PV "top" cells can provide considerable (10-15%) efficiency enhancements to
conventional structures. Significantly, 2 and 3 junction tandem InGaN/Si cells have theoretical
efficiencies of up to 28% and 35%, respectively. This can be increased further to over 40%
under optimum concentration, cell temperature control and resistive loss minimisation.

STUBA will contribute with a nanotechnology approach and various nanostructures prepared
from 111-V semiconductors, particularly heterostructures based on GaP/InGaP combined with
ZnO. Their application will allow to shift the absorption edge more to the bluepart of solar
spectra. Nanocrystalline ZnO layers will be prepared by sputtering or pulse laser deposition.
Complex nanoscale structurel analysis of the physical geometry, morphology of materials and
structures, their physical properties properties by FE SEM (SE, EDAX, EBIC,CL), ION-TOF
SIMS, AFM and microRaman spectroscopy combined with optical and electrical characterisation
performed in a wide temperature range (reverse engineering) will underpin the technological
development and optimization of fabrication process.

ELETTRA will analyse using synchrotron radiation the novel AlinGaN epitaxial films on Si
provided by Tyndall, in terms of electronic properties (band gap, band bending), chemistry and
band matching at interfaces. Moreover the chemical analysis, also in a microscopic way, and the
charge transfer characteristic of the heterostructures based on GaP/InGaP combined with
nanocrystalline ZnO, will also be checked.

Task 1.2: Ultra-thin Si cells
Leader: IUNET — Other participant(s):AMAT, CNR, ELETTRA, ST,
Start date: M1 - End date: M36

Smart-cut process based on porous silicon (IUNET)

Current state of the art photovoltaic technology based on crystalline solar cells provides modules
with typical conversion efficiency around 17% and cell thickness of 150 microns. This Task aims
at further developing crystalline-silicon technology targeting at higher conversion efficiencies
(approximately 20% at the module level) and lower costs. While the increase of efficiency will be
obtained by developing advanced light-trapping strategies, cost reduction will be possible by
thinning the cell, therefore reducing the amount of silicon required for fabrication.
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IUNET-Roma will develop ultra-thin photovoltaic cells with wafer thickness in the range 20-50
micron. Thin wafers will be obtained by a smart-cut technique based on porous silicon; the
porous silicon layer will help light trapping thanks to light scattering at the cell surface.

CNR Advanced passivation process, and TEM characterization.

ELETTRA will perform syncrotron light characterization of the cells, in particular regarding the
electronic properties and the analysis of the chemical elements present in the cells.

ST doping and passivation processes; clean electrochemical process.

Advanced deposition processes for passivation and anti-reflection coating layers will be
developed by BUT.

The technologies needed for the industrial manufacturing of very thin crystalline cells will be
pursued by AMAT as described in the next sub-task (Low breakage handling).

IUNET-Bologna will complement fabrication activities by performing accurate humerical electro-
optical simulations for the analysis of different technological options for the implementation of
advanced light-trapping schemes in ultra-thin cells.

Experimental characterization techniques will be developed by IUNET-Padova with emphasis on
in-line testing applications and on the analysis of the correlation between performance / reliability
and the structure of the devices.

Activity description
¢ Simulation of light trapping schemes (reported in D1.1, M12).

e Preliminary results for the fabrication of ultra-thin c-Si PV cells (reported in D1.2, M18
and D1.3, M24);

e Process steps for the fabrication of final version of ultra-thin c-Si PV cells; advanced
light-trapping strategies (reported in D1.4, M30).

o Final results for the fabrication of ultra-thin c-Si PV cells; advanced manufacturing and
characterization techniques (reported in D1.5, M36).

Low-breakage handling (AMAT)

One of the key points to solve for mass production of large amount of silicon cells is the
breakage-free handling. This is particularly an issue with wafers becoming thinner and thinner,
not to mention with the ultrathin wafers delivered by the smartcut process (above) The main
subjects to be investigated in order to reduce breakage are:

Cracks and microcraks detection: the detection of a microcrack, possibly able to propagate and
to lead to wafer breakage, at the beginning of the processing allows to keep productivity high
and to avoid the additional cost of processing not useful wafers. Main techniques available today
to this purpose are based on infrared cameras, on photoluminescence, and on ultrasound
detection. AMAT will test all or part of these systems to validate them and find the right
combination of low processing time, low cost, and high accuracy.

Soft handling: the other direction to work on is the development of equipments with an
intrinsically lower breakage rate. This can be done for example by using contactless or near-
contactless handling (such as adoption and development of advanced grippers based on the
Bernoulli principle instead than vacuum cups), but also by working on the equipment concept
itself (for example, wafer loading and unloading technologies, wafer transport technologies,
novel flipping devices, and so on).

Screen printing refinement: in order to avoid breakage during screen printing, we will need to
carefully work on details such as the squeegee technology, the real time pressure control, the
real time control of squeegee angle and velocity. All of these will be addressed.
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Activity description
e Evaluation of different microcrack detection techniques (reported in D1.3, M24)

¢ Novel soft handling concepts, including new Bernoulli grippers, applied to handling of
ultra thin wafer (reported in D1.3, M24)

e Successful breakage-free screen printing of ultrathin wafers (reported in D1.5, M36)

Task 1.3: Novel architectures for high performance silicon cells
Leader: ST - Other participant(s): IUNET, UNICT, UNICAL, AMAT, BTE,
Start date: M1 — End date: M36

Modelling of emitter wrap through, metal wrap through, back-junction solar cells (IUNET,
UNICT, UNICAL)

Physics-based electro-optical simulation of solar cells can provide relevant information
concerning the impact of available technological options on the conversion efficiency. As of
today, the PV community adopts 1-D simulators specifically developed and optimized for the
analysis of PC cells. On the other hand, advanced cell architectures adopting Selective-Emitter
and Rear-Point-Contacts lead to inherently 3-dimensional devices that cannot be realistically
simulated by means of the conventional approaches.

In this project we will adopt a commercial 3D electrical device simulator (S-Devices Synopsys)
with physical models tuned through comparison with available experimental results for PV cells,
coupled to an in-house developed optical simulator based on Rigorous Coupled Wave Analysis
(RCWA) method.

For the Si PV cell parameter optimization algorithm, the optimal cell design problem will be
tackled by using advanced evolutionary algorithms for the optimization of geometric and physical
parameters in PV cells. In particular, we will use the Constrained Immunological Algorithm, a
new population-based algorithm which has proven to be more performant than other state-of-art
approaches like Controlled Random Search (CRS), Divide Rectangle (DIRECT) and the Real
Coded Genetic Algorithm (RGA).

Device realization (among emitter wrap through, metal wrap through, back-junction solar
cells) (ST)

The output of the modelling will drive the fabrication of the cells about the choice of the cell
architecture among emitter wrap through, metal wrap through, back-junction solar cells, the
process flow set-up and the cell design.

For the fabrication, we will use conventional semiconductor processing technology, including
photolithography. This step will allow to optimize cell architecture and cell key parameter (as for
example optimum contact size and spacing) comparing experimental results with simulations
without concerning with cost and throughput. We will focus on cost once the cell is optimized.

Low-cost manufacturing: screen printing of materials other than standard metal pastes
(such as inks, dopant sources, or mask layers) (AMAT)

Manufacturing advanced solar cells requires the capability to handle different materials with
respect to the traditional metal-based pastes. Novel materials include, but are not limited to,
dopant and etchant pastes. For all these, process conditions will be different from those of
traditional metal pastes, with respect to screen materials, screen printing parameters, safety
measures, and drying oven characteristics. Further, accurate alignment will be needed in order
to carefully superimpose the metal contacts to the underlying structures realized with the novel
materials just described. In order to study these aspects, AMAT will qualify for use on its
equipments at least two materials, one dopant and one etchanr paste, and of each of them will
consider all the aspects above (safety, drying, alignment, printing parameters, screen material).
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Activity description
e Simulation and modelling of back-contact cells (reported in D1.1, M12)
e Qualification of dopant paste (reported in D1.3, M24)
¢ Qualification of etchant paste (reported in D1.5, M36)

Design automated or semi-automated line for metallization and back-end processing of
back contact cells, including emitter wrap through, metal wrap through, back-junction
solar cells, etc (AMAT)

In order to develop an automated line for back contact cells, all these aspects will need major
revisions. In particular, the back contact process line developed by AMAT will likely incorporate
many of the following advancements (which ones will actually be implemented depend on the
advancement status of different technologies):

processing will be mainly (if not exclusively) on the backside, and handling on the front. If this
makes things easier since no flipper is needed, it is also true that contamination should be kept
at minimum and the front surface should be absolutely damage-free in order to get the maximum
advantage from the new cell architecture.

It will also be necessary to reliably draw very thin (<100um) lines. This will require dedicated
squeegee, screens, and squeegee pressure control.

A complex architecture will feature several layers of metals and/or insulators superimposed. In
order to get this done reliably in mass production, superior alignment capabilities will be needed,

In particular, in order to correctly align a layer to the already existing one, one has to properly
visualize the first pattern. This will/may require the use of dedicated illumination systems and
optical filters.

Many back contact cells feature through-wafer holes (vias). While tools are available to perform
these operations on lab scale, mass production will require the same high throughput and low
breakage rate of screen printing lines.

Finally, metrology requirements will be different. The easiest example is the solar simulator,
which need to have all contact on the backside.

Another example may be the use of advanced tools for defect characterization, including
microcracks, lifetime, hot spots (tools like photo-luminescence, electro-luminescence, and so
on). These will be needed since the higher performances of back contact cell will ask a better
control of all defects.

Activity description

e Solution for contamination-free handling and for screen print of 60 um lines (reported in
D1.1, M12)

e Laser-based solution for high productivity hole drilling and a solution for metrology for
back contact cells (reported in D1.3, M24)

e Complete automated line for back contact cell processing (reported in D1.5, M36)

Encapsulation methods for Concentrated PV (CPV) receivers (BTE)

In general packaging technologies are lacking new innovations compared to front end (die)
development (More Moore investments). On the other hand packaging is become much more
important due to the need of specific packaging solutions for the More than Moore roadmap, use
of advanced materials and the increase of packaging costs.

For nowadays advanced packages packaging represents often already more than 50% of the
costsl!
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CPV is a new technology domain with potential to compete with PV technologies in the future.
One of the major drivers is costs. Our effort is focused to realize a breakthrough in costs for CPV
packaging. Nowadays very expensive materials are used to package the CPV-cells, i.e. ceramic
carriers, very expensive dam-fill materials, etc.

In BTE’s solution we will develop a new innovative technology which will not use these materials
and at the same time use as much as possible semiconductor assembly technologies to
increase productivity. It is expected that, after successful completion, we can reduce the
packaging costs with a factor 2 (at least). Reduce needed investment with a factor 10.

Schematic package solution:

Exposed die / leads Seal and Adhesive Film Technology

CPV CHIP WITH MOLDED WINDOW ON QFN LEAD FRAME

ﬂ Clamp Insert / window
[sFrnror |
AFT INBOTTOM

Task 1.4: Printed DSSC
Leader: SolarPrint — Other participant(s): ELETTRA, LEITAT
Start date: M1 — End date: M36

Development of advanced materials, formulation and printing technology (SPR,
ELETTRA, LEITAT)

Development of printable electrolyte, based on IP generated in SPR which combines the
formulation of ionic liquid, solid conductors such as CNT, graphene, nanoclays, etc and polymer
to synthesize printable electrolyte. This is to replace the current DSSC technology which uses
liquid phase electrolyte. It is a slow and tedious process with a high risk of leaks; it is a major
obstacle to long term reliability of DSSC devices.

Development of advanced TiO, photo-electrode, also known as the working electrode (WE).
Additives (or impurities) such as CNT, graphene or other chemical compounds, will be doped in
the TiO, materials to improve its photo-reactivity and/or electrical conductivity favourable for
electron injection or transport in semiconductor band-gap point of view.

Development of an advanced counter electrode to improve the catalysis, which is currently a thin
platinum layer used as a catalyst for iodide/iodine couple redox activity. Combination of a
number of unique properties of advanced materials such as high conductivity, electron-and-hole
transport mobility, and high surface area, allows the counter electrode with low resistance, hole
transport (in addition to electron transport) and high surface catalytic area. Materials such as
CNT, graphene, and Pt will be printed to form this architecture.

The afore-mentioned three materials developed in SPR and ELETTRA will then be transferred to
LEITAT for further advance electro-spinning process development.

ELETTRA will also characterize these DSSC devices, from the very beginning, with synchrotron
radiation, in order to optimize the organic/inorganic interface properties and the charge transfer
characteristics.
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SPR will develop the three groups of materials described above and assemble into DSSC
electrodes for analysis and evaluation

LEITAT will reveive the DSSC materials and assembled devices from SPR for testing and
characterization. They will also develop further the electro-spinning process.

ELETTRA will study the materials provided by SPR, investigating degradation mechanisms and
charge transfer mechanisms and efficiencies at the crucial interfaces.

Development of a printable DSSC device fabricating process (SPR, LEITAT)

Combine the materials, formulation and printing techniques developed in the previous sub-task
to further develop a printable DSSC device fabricating process. Development of printable
advanced materials is the key to obtain high performance DSSC modules. Issues of electrolyte
filling and leakage cause device processing complexity and affect reliability and life time. It is the
purpose of this Task to solve these issues. Thermoplastic sealing may be required between
components of the printed module.

o Development of printable DSSC with chemically materials compatibility in various
stages of printing, testing, assembly and product demonstration.

¢ Single cell structure design, development, testing, and optimization
e Single cell fabrication to meet the application for PV tracking and sensing application
¢ Single cell device characterized and demonstrated for ray tracking and sensing

SPR will develop printable DSSC manufacturing processes to produce single cell DSSC.

LEITAT will characterise the cells provided by SPR, using and adapting appropriate standards
for reliability and lifetime testing.

Multiple cell design, development testing and optimization (SPR, LEITAT)
e Low power module design, development
e Low power module, target active area efficiency 8% characterized by LEITAT

e Advanced evolutionary algorithms for the optimization of the PV design for DSSC
(UNICAL)

e Commercial sized charging module design and development

¢ Commercial sized charging module, target active area efficiency 7%, characterized by
LEITAT

SPR will design and produce firstly small, low power modules for low light use, and secondly
larger commercial size charging modules, interconnecting multiple cells within a DSSC module.

LEITAT will characterise the modules provided by SPR, using and adapting appropriate
standards for reliability and lifetime testing and developing these standards towards future
certification.

Development / adaptation of a screen print technology for DSSC cells (AMAT)

To adapt conventional screen print technology for DSSC is challenging since the starting
material is different (using relatively thick glass instead than thin silicon), the size is different from
standard c-Si wafers, materials to be printed are different (requiring different ovens, different

29




Technical annex ERG

screens, different squeegee, and different print parameters).

AMAT will customize an automated screen-printing process for reliable processing of DSSC
devices.

Participants’ role

ELETTRA will work on the characterization with synchrotron radiation of the cells produced by
other partners and on the study of novel materials and interface morphology for DSSC.

Tyndall will design and develop InGaN/Si PV structures for novel CPV materials. Trade-off of
optimum base/emitter thicknesses for maximum absorption and carrier generation vs. critical
thickness for minimum threading and point defect density InGaN/Si growth will be considered.
PV device simulation will be optimised to identify optimum contact grid geometry and photon
capture structures. Design structures will be realised by MOVPE growth of InGaN on Si
substrates under optimised growth conditions and subjected to in-depth material (structural,
electrical, optical) and opto-electronic testing, also using synchrotron radiation techniques.
Prototype InGaN/Si cells will be fabricated for solar simulation test and qualification in terms of
solar cell parameters (source current, open-circuit voltage and efficiency).

Tyndall will liaise with partners in WP2 in designing the layout geometry and defining the
performance requirements of the InGaN/Si CPV cells under desired concentration levels. Tyndall
will also work engage with partners in WP3 in order to optimise performance and reliability of the
cells. Feedback monitoring of individual cell performance parameters (Isc, Voc, temperature, etc)
is highly desirable for maximising power output and identifying drift in cell performance. The
wireless sensor devices for cell monitoring proposed in WP3 by Tyndall (power by SolarPrint’s
DSSC technology) is therefore highly applicable.

Deliverables

D1.1. Simulations / Enabling Materials / Enabling Processes (M12).

Nature: Report. Dissemination level: Restricted and Public version.

Description: Simulations on emitter wrap through, metal wrap through, back-junction solar cells,
light trapping schemes for ultra-thin crystalline Si cells. Materials for Si Hetero-junctions. Ultra-
thin Si wafer process. ARC and novel passivation materials. Methodology for dynamic testing
and shunt resistance evaluation of PV cells. Solution for contamination-free handling and for
screen print of 60 um lines. Development and formulations of advanced printable electrolyte,
photo-electrode, counter electrode and sealant materials (for DSCC). Design specification and
performance simulation for InGaN/Si heterostructures.

D1.2. First Version of PV Cell Devices (M18).
Nature: Prototype. Dissemination level: Restricted.

Description: Back Contact Si PV cell (included concentrated PV versions), Top contact hetero-
junction Si cells, Ultra-thin crystalline Si cells, and DSSC. Epitaxy of InGaN PV cell grown on
inactive Si substrate.

D1.3. First Device Evaluation. Device Model Refinements. Guidelines for Refinements on
Enabling Materials / Enabling Processes (M24).

Nature: Report. Dissemination level: Restricted and Public version.
Description: Time zero performance of Back Contact Si PV cell (included concentrated PV
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versions), Top contact hetero-junction Si cells, InGaN/Si solar cell demonstrator, Ultra-thin
crystalline Si cells, and DSSC delivered at M18. Preliminary Reliability evaluations. Comparison
with models / expected results. Individuation of eventual process / material / architecture errors
and proposals for correction. Manufacturing techniques for ultra-thin Si wafer processing
(microcrack detection techniques, novel soft handling concepts). Qualification of dopant paste for
screen printing. Laser-based solution for high productivity hole drilling and a solution for
metrology for back contact cells. ARC and novel passivation materials with surface
recombination velocity less than 100 cm/s. Description of semi-automated line for processing of
DSSC cells. Evaluation of InGaN PV cell structure on inactive Si substrate (material
characterisation/inspection) and PV device electrical and optical characterisation.

D1.4. Refined Version of PV Cell Devices (M30).
Nature: Prototype. Dissemination level: Restricted.

Description: BC Si PV cell including hetero-junctions and novel dielectrics for passivation and
ARC (included concentrated PV versions); Ultra-thin crystalline Si cells; DSSC module on Large
Area.

D1.5. Refined Device Evaluation. Preliminary Evaluations of Cost / Performance
Perspectives (M36).

Nature: Report. Dissemination level: Restricted and Public version.

Description: experimental evaluation of final version of device demonstrators, i.e. BC Si PV cell
including hetero-junctions and novel dielectrics for passivation and ARC; Ultra-thin crystalline Si
cells; DSSC module on Large Area. Comparison of the advanced Si and DSSC technologies in
terms of performances including spectral response and under different illumination conditions,
both at time zero and with preliminary reliability evaluations. Estimates of the actual technology
costs and evaluation of cost reduction perspectives. Manufacturing techniques for ultra-thin Si
wafer processing (screen printing). Qualification of etchant paste for screen printing. Complete
automated line for back contact cell processing. ARC and novel passivation materials with
surface recombination velocity less than 50 cm/s. Dynamic testing of thin PV cells in product line
and local defects tester.

Milestones

M1.1. First Version of PV Cell Devices. (M18). Content: Back Contact Si PV cell (included
concentrated PV versions), Top contact hetero-junction Si cells, Ultra-thin crystalline Si cells,
and DSSC

M1.2. First Device Evaluation. Device Model Refinements. Guidelines for Refinements on
Final Version of Devices (M24). Content: Time zero performance and Preliminary Reliability
evaluations. Comparison with models / expected results. Individuation of eventual process /
material / architecture errors and proposals for correction.

M1.3. Refined Version of PV Cell Devices. (M30). Content: BC Si PV cell including hetero-
junctions and novel dielectrics for passivation and ARC (included concentrated PV versions);
Ultra-thin crystalline Si cells; DSSC module on Large Area.

M1.4. Final Device Evaluation (M36). Comparison of the advanced Si and DSSC technologies
in terms of performances including spectral response and under different illumination conditions,
both at time zero and with preliminary reliability evaluations. Estimates of the actual technology

costs and evaluation of cost reduction perspectives (reported in D5).
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Deliverables
Del. Deliverable Title Contributors Due
No. date
D1.1 | Simulations / Enabling Materials / Enabling Processes. Leader, ST, SPR, IUNET, M12
CNR, Tyndall
D1.2 | First Version of PV Cell Devices. Leader, ST, SPR, IUNET, M18
CNR
D1.3 | First Device Evaluation. Device Model Refinements. Leader, ST, SPR, IUNET, M24
Guidelines for Refinements on Enabling Materials / CNR
Enabling Processes.
D1.4 | Refined Version of PV Cell Devices. Leader, ST, SPR, IUNET, M30
CNR
D1.5 | Refined Device Evaluation. Preliminary Evaluations of Leader, ST, SPR, IUNET, M36
Cost / Performance Perspectives. CNR
Milestones
Mil. Milestone Title Means of Verification Rela_ted Due
No. Deliv. date
M1.1 | First Version of PV Cell Devices. Devices available D1.2 M18
M1.2 | First Device Evaluation. Device Model Report released D1.3 M24
Refinements. Guidelines for Refinements on
Final Version of Devices.
M1.3 | Refined Version of PV Cell Devices. Devices available D1.4 M30
M1.4 | Final Device Evaluation. Comparison of the Report released D15 M36
advanced Si and DSSC technologies.
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Work Package

number WP2 Start date or starting event: M1

Work Package

title Optimization method for energy extraction

Participant 1 3 4 6 11 21 23 34
number

Participant ST | COMPEL | IUNET | UNIBO | ONSEMI | LEITAT | POWER | ENEC
short name -B TEC SYS

Person- 140 | 116 14 56 122 10 98 117
months per
participant

Objectives

The objective of this work package is the optimization of the energy generated by photovoltaic
systems: standard silicon, DSSC and concentrated (CPV).

The activity will be focused on power management electronics for silicon cell panels and on
micro electromechanical systems for CPV.

The power management electronics will be developed to introduce an innovative solution based
on distributed approach by mean of “Smart Junction Box”, able to boost the energy generated by
photovoltaic systems up to 30%, compared to standard plants.

As an alternative and suitable solution, microinverter technology will be investigated and
developed in order to fully evaluate the performance and benefits of such solutions.

WP2 Optimization method for energy extraction

Specification requirements
ST, UNIBO, ONSEMI, COMPEL, ENECSYS, IUNET, LEITAT
MEM CPV “SJB” Microlnverters

ST, UNIBO ST, ONSEMI, COMPEL ST, ONSEMI, ENECSYS

Components MPPT DC/DC Power Converter
ST, UNIBO IUNET, ST, ONSEMI ST, ONSMI, ENECSYS

‘ LEITAT ‘

Evaluation&Test Evaluation & Test Evaluation & Test

ST, UNIBO ST, COMPEL, IUNET ENECSYS
A

M=

POWERTEC
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Description of work

The work which will be done in this work package is focused on energy extraction optimization at
panel level. The main activities are related with power electronics and micro electromechanical
systems for maximized power management.

The activity is divided into 3 main Tasks:

e Task 2.1 is dedicated to micro electromechanical systems with dedicated electronics for
CPV.

e Task 2.2 is dedicated to efficient power conversion at panel level by means of DC/DC
converters able to generate a suitable voltage for grid-connected systems.

e Task 2.3 is dedicated to microinverter solutions which still represents an innovative
approach for distributed architecture allowing maximum power extraction from single
photovoltaic panel thanks to dedicated MPPT function and high efficiency conversion for
low power grid-connected systems in the range up to 400W.

Task 2.1: Microsystems for concentrated photovoltaic systems
Leader: UNIBO - Other participant(s): ST
Start date: M1 — End date: M36

Concentrated photovoltaic energy production requires the concentration of solar energy in a
precise location at low cost. This Task will cover the issue of designing an optical subsystem
based on extensive use of distributed electronic microsystems for sun tracking and power
concentration. The work will be organized in three phases:

A design tool kit will be assembled to support different design choices related to the optical
parts (e.g. mirrors, lenses) and related electronic drivers/controllers. The software tools will be
based on parallel algorithms running on GPUs to perform accurate simulation in acceptable time.

A sample design of a microcontrol system supporting distributed sensing and control will
be designed and its cost determined. Given the fact that a replication of these control engines is
assumed, low cost is a key feature to be achieved through a careful design of simple interfaces.

A demonstrator consisting of a simple optical system controlled by the previous microsystem
will demonstrate the capability of the approach to reduce the cost of the concentration optics in a
photovoltaic system.

Task 2.2: Power electronics and related control algorithm for panel based DC/DC
converters

Leader: ONSEMI-B — Other participant(s): ST, COMPEL, IUNET, LEITAT
Start date: M1 — End date: M31

The Task is dedicated to investigation, design and development of innovative systems for
distributed photovoltaic systems. The core of the new architecture is a dedicated DC/DC
converter IC with embedded MPPT control, developed by ST able to efficiently control a power
converter based of high performance semiconductor switches developed by ONSEMI-B. The
embedded MPPT algorithm will be developed and tested by ST, IUNET and LEITAT. The power
electronics systems will be housed in a dedicated module developed by ST and COMPEL, in
order to match the PV panel with conditioned output to the input of standard string or central
inverter. The final product will be a “Smart Junction Box” with energy booster for distributed
DC/DC systems. Inside the module also communication chips will be located by ST as an
innovative cost effective approach. The output of this Task in terms of communication on the grid
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will be an input for WPA4.

Task 2.3: Power electronics and related control algorithm for low power grid tied
converters

Leader: IUNET - Other participant(s): ONSEMI-B, ST, ENECSYS, LEITAT, POWERTEC
Start date: M1 — End date: M36

This Task is focused on a distributed approach as described in Task 2.2 but based on
“microinverter” approach, i.e. on panel converter with grid connection capability. This approach
represents an alternative to the DC/DC module and is currently on fashion in USA. Inside this
Task ST, ONSEMI, ENECSYS and POWERTEC will investigate innovative cost effective
solution based on latest generation power switches together with high efficiency control
algorithm and monitoring functions.

The final systems will be developed and tested under standard condition of input power and grid
connection in order to fully validate the proposed solution in terms of efficiency, cost and life
time.

Participants’ role

IUNET - Modena-Reggio Emilia will develop high efficiency front-end electronic circuits for
distributed maximum power point tracking (MPPT) and conversion circuits, integrated directly
with the photovoltaic module, and energy harvesting solution for low power applications (like
Wireless Sensor Nodes).

Energy harvesting circuits are generally comprised of an energy management and a storage
circuits. According to the available power budget, different analog circuit architectures with
different MPPT options will be investigated to convert efficiently the energy harvested from the
photovoltaic module in electrical energy usable.

Custom DC-DC power converters will be designed, considering also alternative technology if
available (SiC, GaN) for higher efficient solutions.

At the same time novel circuit architecture for the energy storage circuits will be investigated,
suitable to be fully integrated with the conversion circuits.

Another possible contribution is the design of energy multiple source harvesting systems. In this
case, the focus will be on the investigation of high efficiency power combining techniques.

LEITAT will collaborate to this work package by designing and developing a control system for
DSSC modules. This control system will incorporate energy generation monitoring, failure
detection, maximum power point tracker (MPPT) and wireless communications based on Zigbee
protocol. Cost, energy consumption and reliability will be the main requirements for designing
this control system which will be demonstrated by its integration in a DSSC solar panel.

COMPEL will develop a “Smart Junction Box” for PV panels, able to increase the efficiency of
the distribution of power outgoing from the Photovoltaic Panels (PVs). COMPEL will be involved
in the design of an innovative Junction Box for advanced photovoltaic modules, increasing the
efficiency of its internal connections due to the reduced contact resistance and consequently the
reduced power loss.

The new Junction Box will host the electronics for MPPT tracking, improving the power efficiency
of each PV panel or its subassemblies using smart functions of power management. The power
dissipation of the electronic components will be optimized in compliance with the safety
requirements of the photovoltaic environment with the aim to improve the power distribution.

The design of the new Junction Box will also pay great attention to achieve reduced dimensions
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as well as optimized solutions in order to contribute to save costs of the system. This will be
obtained through innovative design concepts and state-of-the-art materials, which also will allow
the new Junction Box to be processed in highly automated assembling operations on the panels
manufacturing lines.

ST will develop a dedicated IC for PV application suitable to control high efficiency power
converter for distributed architecture. The IC will feature advanced performance in terms of
efficiency and cost, in order to further reduce the cost/kW of PV systems improving the annual
energy generation. Based on such a converter, the complete module to be housed inside the
dedicated box developed by COMPEL will be developed. ST will explore different DC/DC
converter architectures, as they fit better with different application requirements (in terms of
efficiency and reliability). ST will collaborate on realization of a versatile DC/DC converter to find
the best solution in terms of cost-benefits analysis for its industrialization. Inside such a scenario,
ST will propose a converter architecture using a monolithic controller that provides all necessary
control signals, protection features and driving functions to successfully manage operations for
different DC/DC converter topologies. Furthermore, focusing on optimization of the power
conversion, ST will design the controller IC, exploring on different MPPT algorithms (to be
embedded in the controller) and on different driving techniques. ST will further provide its in-
house BCD technology for the IC realization.

ONSEMI-B will develop an advanced new generation power switch. The idea is, based on the
core trench of a XtreMOS™, to split the gate in an upper part and a lower shield gate. For a
successful development of this split-gate XtreMOS™-module, very specific process steps need
to be developed:

e Inter-polyoxide, in the trench, with a high degree of uniformity in both horizontal and
vertical axis

e  Minimize and further reduce process variability
e Shape of the trench will be more critical than for the non-split-gate module

e Hard mask definition for trench module needs new etch processes in order to tune
uniformity of the module

Besides two test-chips for module development and initial characterization, 5 different modules
will be designed and processed, each module with different dimensions, in order to obtain
specific electrical targets.

After processing the wafers need to be back grinded down to 100pm. Due to the presence of
trench modules, this process is not straight forward: specific development is required to deal with
wafer bowing. Both sides of the wafer will receive metallization and patterning. Specific front
STM (solder top metal) will be required. In combination with thinned wafers, specific precautions
for processing need to be developed. SO8FL packaging is preferred. Based on previous
experience, a dedicated crack-free passivation layer in combination with PI processing will be
developed. Finally TCAD simulation for different applications will be performed.

ENECSYS will investigate and develop novel circuit topologies for a range of solar PV
technologies including CPV. Drivers for the design will be overall weighted efficiency (Euro), cost
and lifetime. As part of the design process Enecsys will evaluate the latest development in power
semiconductor devices including new Si and GaN devices and where feasible incorporate into
the designs. Enecsys will also focus its efforts on the use of ASICs to try to simplify and reduce
cost of the micro-inverters. Enecsys will attempt to work with partners in creation of such ASICs.
The project will also entail exploring new algorithms for MPPT. In addition Enecsys will evaluate
the latest advances in monitoring and where possible use the most appropriate methods for the
newly developed micro-inverter.
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POWERTEC will participate on design and testing of modern diagnostic and control systems of
PV cells able directly analyze every cell with designed ultra-low power cell control unit, integrable
within PV cell or realized as a stand-alone system. The system will contribute in optimization of
variable power output at full irradiance and should be able selectively control the output of each
single cell. System communication over power line will be investigated with the aim of increasing
efficiency and reliability. We will contribute to improvement of the architecture suitable for
managing of stable power output using energy storage circuits developed and improved together
with other project partners.

UNIBO will develop parallel simulation algorithms for solar power concentrators. These
algorithms will be used to optimize the performance and cost of a concentration system. UNIBO
will also design and demonstrate a prototype of a concentrator system based on simple optical
modules that can be replicated to obtain the desired performance.

Deliverables

Del. Deliverable Title Contributors Due
No. date
D2.1 | Technical report on specification of power conversion Leader, contrib. 2, contrib. 3, | M06
systems UNIBO, ...
D2.2 | Design report Leader, contrib. 2, contrib. 3, | M18
UNIBO, ...
D2.3 | Report on process module characterization Leader, contrib. 2, contrib. 3, | M24
UNIBO, ...
D2.4 | First prototype validation report Leader, contrib. 2, contrib. 3, | M30
UNIBO, ...
D2.5 | Test reports for realized demonstrators Leader, contrib. 2, contrib. 3, | M36
UNIBO, ...
Milestones
Mil. Milestone Title Means of Verification Rela_ted Due
No. Deliv. date
M2.1 | Specifications of power conversion systems Specifications available, report M6
released
M2.2 | Systems design ready Specifications available, report M18
released
M2.3 | Prototype of demonstration systems Prototype available M30
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Work Package number | WP3 S\tzﬁt?ate or starting M1
Work Package title Efficient power conversion
Participant number 7 8 14 15 16 17
Participant short name | UNICAL UNICT | STIAG | TEL | FRAUNHOFER | RWTH
Person-months per 11 17 130 191 | 44 47
participant
Participant number 18 19 20 25 26 27
Participant short name | IFAG SMA TUC SPR | Tyndall NXP
Person-months per 223 106 34 1 20 69
participant
Objectives

The focus of WP3 is on increasing the efficiency of conversion for the generated power of solar

cells.

As general objective the reduction of energy losses by 20% in the complete supply chain is
targeted. The results will be demonstrated in form of high efficient applications.

The overview about the conversion tasks is given in the following picture.

WP3 Structure for efficient Power Conversion

SMA, STIAG, RWTH, FhllS, ...

Specification requirements

|

Conversion PV
SMA, IFAG, TU-Ch, ST

|

Components
IFAG, TUC, OnSemi, ST

|

Evaluation&Test
IFAG, SMA, ...

|

Conversion CPV
STIAG, TEL, FHIIS,

MPPT DC/AC

FHIIS TEL

| |

Evaluation & Test
STIAG, TEL, FHIS

The workload for efficient power conversion will start with a specification phase, in which
partner SMA — as worldwide leader of inverter production — will bring into the consortium PV-
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specific specifications for future markets needs. New ideas from academic and industrial
partners for novel architectures will be evaluated and realistic options will be fixed for
implementation in subsequent developments. One focus will be on the potential of high voltage
levels for increasing efficiency.

The architecture study in the first phase will evaluate different profiles of end-users, including
e direct grid connection
e energy storage option
e E-mobility support

An additional cooperative study (“Optional Implementations”) will cover supplemental functions
as:

e Fire protection, safety of fire fighters
e Failure diagnosis and communication
o Efficiency logging

e Burglary prevention

These functions will be classified for their economic feasibility and implemented in demonstrators
as far as reasonable.

The special case of Concentrated Photovoltaic Systems (CPV) with own specific needs will be
covered by the system partner STIAG with its background in CPV solar generators.

Both PV- and CPV chains will be strongly supported by academic and research partners RWTH
(PV, CPV), FRAUNHOFER (CPV, MPPT) and TUC (SiC MPS diode) and Tyndall (CPV
monitoring).

Starting from given specifications University UNICT will develop a high frequency model of the
converter in order to test by simulation different solutions based on active or passive filters, able
to reduce the total level of EMI/EMC according to the limits imposed by international standard.
The reduction of conducted emissions of power converters of the proposed topology will be
analyzed in order to get the best solution on EMI problems. The experimental activity will be
carried out using the anechoic chamber and EMC test equipment of CePTIT-DIEES EMC lab.

The energy storage option will be covered by partner UNICAL. In particular, in this work package
the Microelectronic & Microsystems Laboratory of the University of Calabria will investigate
suitable electronic system architectures for smart battery charging both for automotive and
energy storage systems in close cooperation with the other WP3’s partners. These architectures
will be developed so to allow the efficient implementation of the enhanced efficiency algorithms
developed in WP4. The evaluation of the effectiveness of the selected architecture will be carried
out by means of an experimental set-up with the aim of demonstrating also the operation
principles of the smart charger sub-system.

Tyndall will contribute a system architecture and hardware solution for sensing the performance
of the CPV cells and reporting fault operations.

The semiconductor partners IFAG and TEL will evaluate given specifications from system
partners SMA and SolarTech and discuss the technical and economical feasibility of novel
architectures directly with production orientated partners. The jointly elaborated specifications
will lead in direct line to demonstrator specific prototype designs on component (IGBTs / SiC
diodes) and module level. Semiconductor runs will produce silicon hardware for further use in
hardware demonstrators. Foreseen are at least 2 design phases for first studies and final
designs.
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Semiconductor partner NXP will bring into the consortium the design of innovative
semiconductor solutions for panel-based power management topologies for solar systems,
making optimum use of the specialized power IC technologies available in the company. NXP
will cooperate in the specification task, with focus on module-level DC/DC converter concepts
with optimum granularity and efficiency for PV systems. Optionally, a comparison will be made
between module-level DC/DC converters and module-level DC/AC converters, or combinations
thereof, also focussing only on PV systems. A proof of overall efficiency will be done with
realized test ICs.

Cooperation

The cooperation with WP2 will be essential for the use of optimal strategy and methods. First
results of WP1 and WP2 will be taken into account in the specification phase of WP3 and
advanced methods can be implemented in the second design phase. The results of WP3 will be
used in parallel by WP4 for the preparation of advanced energy distribution concepts and energy
storage option.

“Specification of conversion system and technology platforms” carried out in WP3 (deliverable
D11, M6) will be used in WP4 for the development of battery charging algorithms. In turn, the
system architecture regarding the energy storage option will be developed in WP3 so to allow
the efficient implementation of the enhanced efficiency algorithms developed in WP4 (D4.3,
M24).

Final evaluation of gained efficiency will complete this WP. The efficiency will be
demonstrated using prototype systems for PV and CPV converters.

Description of work

Task 3.1: Specification of Conversion Systems with focus on power efficiency

Leader: SMA — Other participant(s): STIAG, TEL, FRAUNHOFER, RWTH, IFAG, TUC, NXP,
UNICT, Tyndall, UNICAL

Start date: M1 — End date: M15

An architecture study will start at M1 and give first input to system specifications tasks.
Specifications will be jointly elaborated for:

e PV, CPV converters (SMA, STIAG, RWTH, NXP) (PV converters only, module level)

e Maximum Power Point Trackers, Communication (FRAUNHOFER)

e SiC, IGBT technologies (IFAG)

¢ Charging management system for smart energy storage option (UNICAL)

e Performance Sensing (Tyndall)

o EMI filter integration and optimization (UNICT)

The continuation of this study will bring in its final results in the phase of system development
(Task 3.3). This study of architectures will be done in 2 steps.

The first step will work out user profiles for different classes of end users with:
e Direct network connectivity
o Energy storage option
o E-Mobility support
The second step will be a amendment for additional functions like:
e Fire protection
e  Error detection and communication
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e Burglary and vandalism prevention

The functions will be investigated and evaluated concerning commercial feasibility and
implemented as far as possible. Converter architectures will consider failure diagnosis and
communications (Tyndall) and optional smart battery charging methods both for automotive and
energy storage applications (UNICAL).

As resulting objectives the application specific specifications will be elaborated for each planned
technology and conversion system with focus on the planned demonstrators. In each phase, the
energy efficiency gained will be taken as measure of success.

At related Milestone M3.1 the specifications will be ready for implementation in Task 3.2 and 3.3.

RWTH Aachen will elaborate different step-up converter architectures to find the optimal one for
module integrated ASIC based converters. This is necessary to exploit the advantages of
integration like better timing control, more complex control logics and integrated well matched
drivers.

TEL will participate in the specification of conversion systems. The specifications will be checked
for feasibility and a definition of needed technologies will be done.

FRAUNHOFER will contribute to the specification of the CPV conversion unit. The PPT part will
specifically address the requirements of concentrated PV module equipment. Further on
properties of the necessary communication for monitoring and control arising from additional
functionality will be defined.

STIAG will contribute to the specification of conversion systems with focus on CPV applications.
In cooperation with academic partners the optimum solution for highest efficiency will be
elaborated.

NXP will participate in defining the optimum distributed power topology (i.e. power converters on
PV module level) for grid-connected solar PV systems. In addition to specifying desired input
and output voltages and current, an optimum selection of IC technology will be made based on
these specifications. Drivers in the selection process are cost and efficiency, where an increase
in efficiency will yield additional energy and associated financial income from the system, which
should not be cancelled by the cost of additional electronics. Another important boundary
condition is reliability, where the electronic solution should have a lifetime at least equalling that
of the solar panels to which it is attached.

In addition to the power topology, also solutions to ensure safe operation of the solar system,
e.g. in case of fire, and solutions to obtain as much operational data from the system as possible
will be studied and specified.

IFAG will participate in the evaluation of device properties requirements (e.g. surge current
capability, electric strength, ...) from application specific conditions (switching frequency, DC-link
voltage, stray inductance, currents ...) and in the identification of application specific module
requirements (switching frequency, DC-link voltage, stray inductance, currents, mission profile,
...) based on simulation (FEM system simulation). In addition IFAG will convert the evaluated
requirements into device/module specification and the electrical load profiles and environmental
conditions into reliability requirements for the Power Modules.

SMA will define the converter class as platform for further investigation. Converter class is
characterized by output power and number of phases. For this converter class SMA will
investigate different converter topologies to find a maximum efficiency, optimal DC link voltage
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and switching frequency by using semiconductor modules from partner IFAG. The design of the
components like filters will be elaborated. Power and temperature profiles will be defined.

TUC will participate in the specification of the Si and SiC power devices regarding current loads,
necessary device area, losses resulting temperature swings, expected power cycling- and
temperature cycling lifetime.

UNICAL will contribute to the definition of possible battery charging management system
architectures supporting smart charging features. To this aim, the impact of different charging
patterns for commercial battery cells on storage efficiency will be studied. This activity will be
carried out developing a test methodology for evaluating the dynamic performance of a cell in
the presence of time-varying charging current profiles, as actually it occurs due to typical power
availability in a PV cell-based distribution grid. The results of this phase will lead also to the
definition of the specifications of the conversion system sub-modules dedicated to the smart
energy storage option.

Tyndallwill work with the other partners to understand the trades off in the numbers of sensors
required Vs the granularity required to identify a failure or performance deficiency in a given
cluster of CPV cells. The sensing platform devised will be based on the Tyndall Wireless Sensor
Network (WSN) mote platform that has been used for multiple applications such as energy,
environmental and healthcare monitoring.

The type of parameters that require investigation will include source current, open circuit voltage,
temperature of the CPV cells and report fault operations. The motes will need to be configured to
sense multiple CPVs. Types of sensors, criteria for fault reporting, sensing intervals etc will be
determined. Architecture options for power sources for the wireless sensors will also be
reviewed (e.g. using DSSC technology from SPR to create an independent supply Vs
interconnect with main CPV array). Performance will be evaluated on packaged CPV receivers
developed using AlinGalN/Si and conventional (e.g. llI-V multi-junction or crystalline Si) CPV
cells.

UNICT will participate giving the specifications of the EMI filter. Considering the filter impact on
the efficiency, additional specification will be specified on EMI filter efficiency target.

Task 3.2: Basic Design Experiments of technological and technical innovations

Leader: NXP — Other participant(s): SMA, STIAG, TEL, FRAUNHOFER, RWTH, IFAG, TUC,
UNICT

Start date: M7 — End date: M24

The needed technologies will be explored and the feasibility of the specification from Task 1 will
be verified.

Architecture options will be selected from the study (Task 1) for final implementation in the
demonstrator designs. As results the technological approaches are ready for system
development and demonstrator designs.

Objectives will be experimental results for improved effectiveness:
e DC/DC conversion systems (NXP, RWTH, FRAUNHOFER)
o DC/AC converter elements (FRAUNHOFER, TEL, NXP, RWTH)
e  Fast switching IGBTs in low inductivity module; 1200V SiC Schottky-diode(IFAG, TUC)
e Innovative interconnect technologies for a short time heat storage in the case of
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overload (IFAG)
e Investigations on low-inductance inverter design (SMA)
e  Models for converters including high frequency behaviour (UNICT)
e Smart battery management module (UNICAL)

TEL will select the appropriate technology according to the requirements of Task 1. The
intended technologies are Smart Power SOI or bulk technologies with high voltage option for
breakdown voltages up to 700V. In the selected technology first converters for DC/AC or
DC/DC/AC (with storage option) concepts will be designed in cooperation with partners
FRAUNHOFER and RWTH. TEL will provide a mask set and will process first silicon samples in
its production line.

Based on the architecture study the most promising step-up converter architecture will be
implemented by RWTH in a test chip. For a maximum integration level the boost converter test
chip will also include a simple MPPT block to enable a direct connection to solar cells without
any additional circuitry. In addition the integration of inverters into a single chip will be reviewed.
For all chips designed during this project the Telefunken SmartPower SOI technology will be
used to decrease the standby losses.

FRAUNHOFER will design the PPT circuitry part for the CPV converters. The smart power
technology from TEL will be used with as less additional components as possible. Power line
communication as well as wireless communication modules will be investigated together with
STIAG and will be optimized.

STIAG will evaluate first converters (DC/AC or DC/DC/AC with storage option) for increased
efficiency for intended CPV applications. Investigations of optimum modularity and best
connectivity will be done for the application with CPV modules.

NXP will focus first on breadboarding selected options in Task 3.1, where use is made primarily
of existing components. Building a system like this will reveal whether the chosen approach will
work in practice and will shed first light on the fulfilment of the important boundary conditions of
high efficiency and low cost, at high reliability. The specifications of the power topology will be
linked to a suitable IC process, where 100V SOl-based automotive-qualified NXP processes
seem to be a logical candidate for panel-based conversion systems for PV. Higher voltages up
to 700 or 800 V on SOl technology are also possible, which may become relevant when
designing micro inverters (DC/AC converter on PV-module level). Focus will be on module-level
DC/DC converters.

IFAG will research on optimization possibilities of doping profiles and of Schottky cell structure
regarding Vf at nominal current and surge current as well as on optimization possibilities of
epitaxy regarding Vf at nominal current and surge current.

Concerning system level simulation models for Power Module IFAG will research on the
extraction of partial module inductances/coupling and integration into network simulator for all
power modules, the development of device model under consideration of oscillation behaviour
and on the coupling of device model with inductance models. Complementary IGAG will evaluate
coupled models as unified module and together with inverter simulation (system level). The
verification of models in comparison to measurements will round the IFAG task.

SMA will investigate the influence of stray inductances in the inverter design and elaborate
arrangements to reduce stray inductances in the inverter design in close cooperation with
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partner IFAG. Semiconductor modules from partner IFAG will be tested under the conditions of a
PV converter.

TUC will install numerical device simulation for SiC Merged-pin-Schottky diodes, will evaluate
existing models, will select models and improve models, and solve convergence problems in
electro-thermal numerical simulation of SiC structures. First simulation of surge current events
will be executed. A metallization and bond wire arrangement with increased thermal capacity is
to be found in close cooperation with partner Infineon. Measurement equipment for double pulse
test to characterize the switching behaviour and ruggedness of SiC diodes and Si IGBTs will be
installed. Thermal simulations of low-inductance module configurations will be done, including
operation- and overload conditions. Coupled thermal-mechanical simulations of temperature
cycles and power load cycles will be executed. An optimized layout is to be found in cooperation
with partners IFAG and SMA.

After a combined analysis of expected performances and technical feasibility jointly with other
WP3’s partners, UNICAL will select the candidate preliminary architecture of the battery
management system for further system development and demonstrator design.

UNICT - DIEES activities will regard the study and design, in collaboration with the other groups
of suitable topologies for the addressed application in consideration of the EMI performance
requested by the standards. In particular, the high frequency behaviour of the proposed topology
will be analyzed in order to get the best solution on EMI problems. A high frequency model of the
converter will be developed in order to test in simulation different solutions based on active or
passive filters able to reduce the total level according to the limits imposed by international
standard.

Task 3.3: Development of Energy Efficient Power Conversion Systems and
Demonstrators

Leader: IFAG - Other participant(s): SMA, STIAG, TEL, FRAUNHOFER, RWTH, TUC, NXP
Start date: M12 — End date: M30

In this Task the designs of new power conversion systems will be done on the base of given
specifications and feasibility explorations of previous Tasks. Finally selected architecture
elements will be implemented in demonstrator designs. A redesign phase is foreseen for
corrections and final adjustment.

As obijectives will be elaborated here final building blocks, ready for implementation into power
demonstrator systems:

e DC/DC and DC/AC converter controller IC, for different MPPT algorithms (NXP,
FRAUNHOFER) and inverters for module integration and CPV collectors (TEL,
FRAUNHOFER, RWTH)

e PV inverters using improved low-inductance -modules and -inverter design (SMA)

e Power module with integrated IGBTs and SiC components with new interconnect
technology for extreme low inductivity, fast switching behaviour and heat storage
features (IFAG, TUC)

e Battery manager concept module for smart storage option (UNICAL)

A test chip ready for implementation into power demonstrator system of the fully integrated
inverter will be designed by RWTH on basis of the knowledge gained in Task 2. Using the
Telefunken SmartPower SOI technology the high output power will enable module integration
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and increase the MTBF. In addition the reduced component count will also further boost the
reliability of the inverter and decrease its cost.

TEL will combine proven function blocks from Task 3.2 and enhance them with optional
functions. The design experience from Task 3.2 will be used to design complete converters. The
resulting layouts will lead to a final mask set with additional blocks from the design partners
RWTH and FRAUNHOFER. The designs will be processed as a Multi Project Wafer run (MPW)
in the production line of TEL. As results are expected chips with full functionality for the common
demonstration.

FRAUNHOFER will design the PPT system as well as the communication interface parts for the
final demonstrator from STIAG. The components will be implemented in the smart power
technology together with the components from partners TEL and RWTH. Additional parts will be
realized with standard hardware components as far as necessary.

STIAG will provide additional functions according to the specifications of Task 3.1, as for
example power measurement function of modules, data storage and evaluation. First
experiences from initial designs will be implemented.

NXP will translate the lessons learned from Task 3.2 into a power control IC, possibly with
additional functionality in the area of safety and communication. The IC will be designed by NXP
and will be processed and packaged in internal factories. A full converter will be built with the
realized power-control IC and several of these converters will be attached to solar panels in a
state-of-the-art solar-system PV test set-up.

IFAG will in Task 3.3 research on 3 sub-topics:

e Low inductance module based on flexible configurable Easy Module Package with SiC
Diodes

e Development of low inductance module concept
e Characterization of power module properties.

For the topic “Low inductance module” IFAG will research on inductance simulation with PEEC
Method for extraction of parasitic elements of power module package, on layout optimization of
DCB substrates, on optimization of distributed power connector elements, on optimizations of
connection DC-link capacitor/power terminals of module as well as IFAG will investigate
oscillation at switching, new package design and in innovative assembly of modules.

For the topic “Development of low inductance module concepts” IFAG will research on
innovative package concepts for low inductance Power Module with SiC Diodes, layout
optimizations of DCB substrates, the optimization of integrated power terminals and DC-link
capacitors and will make investigation of oscillation at switching and in assembly of modules

For the topic “Characterization of Power module properties” IFAG will measure the static power
module characteristics (on state characteristics, blocking capability, isolation, ...), the dynamic
power module characteristics (switching losses / switching behaviour, short circuit behaviour at
RT and Tjmayx, ...) as well as the thermal behaviour (static Rth, transient Zth) and the
mechanical characteristics (bow at operation, bending, housing, ...).

SMA will adapt the design of the converter by using the improved power modules from partner
IFAG and optimized converter design and optimized components like filters. A first demonstrator
will be manufactured. First tests will be started in the laboratory to investigate losses and
efficiency.
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TUC will measure the switching behaviour and turn-off ruggedness of optimized SiC diodes and
IGBTs according the specific conditions, in consultation with partner SMA. Surge current
behaviour of optimized SiC MPS will be investigated. Effects of paralleling of SiC diodes and of
parasitic inductances will be analyzed. The electromagnetic emissions of PV inverter
demonstrator systems using improved low inductance modules will be measured.

After the selection of the more suitable architecture for the effective battery charging made in the
previous phases, UNICAL will design a concept module to manage the smart battery charging in
accord with possible innovative charging strategies developed in parallel in WP4.

Task 3.4: Demonstration of Efficient Applications and Evaluation

Leader: SMA — Other participant(s): STIAG, TEL, FRAUNHOFER, RWTH, IFAG, TUC, NXP,
UNICT, UNICAL, Tyndall, SPR

Start date: M24 — End date: M36

For the prove of new concepts following demonstrators will be built:
e PV converter (SMA)
e CPV converter system (STIAG)
e Power Module (IFAG)
e Charger system for smart battery charging algorithms (UNICAL)
e Smart battery management unit (UNICAL)
e PV-module-level DC/DC converter with NXP control IC (NXP)

EMC behaviour and efficiency will be tested by IFAG (on module level) and UNCT using the
CePTIT-DIEES EMC lab.

A comparison to previous state of the art, with focus on gained overall efficiency will finalize this
task.

TEL will provide silicon chips for the demonstration at the system partners and support them with
needed semiconductor know how. TEL will take over the results of the system evaluation of
partners for future use in own product developments.

RWTH will perform measurements on the demonstrator IC and evaluate the performance of the
new sub-module concept. Special attention will be paid to the systems efficiency in situations like
partial shading and single cell failure.

FRAUNHOFER will support the setup of the demonstrator from STIAG. Therefore appropriate
modules for the communication and monitoring equipment will be provided.

STIAG will demonstrate the application of new converters for a CPV system. The performance
will be evaluated and compared to previous results. STIAG will give feedback to partners for the
design of future converter solutions.

NXP will demonstrate the merits of the realized converters, based on custom-designed NXP ICs,
in the test system. Focus will be on the efficiency of the PV system, where a system without
additional converters will be compared to a system with the additional converters attached on
panel level under the same conditions. The operation of additional functionality may also be
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demonstrated, dependent on what has been specified in Task 3.1.

IFAG will demonstrate the improvement of the research activities by evaluation of power
modules regarding expected efficiency and system behaviour (mechanical characteristics,
extraction and conversion loss data into dynamic temperature dependence simulation model,
thermal-electric simulation under application conditions, extraction and evaluation of lifetime
limits with system simulations).

In addition, IFAG demonstrate the improvement of the research activities based on validations of
SiC Diodes concerning reliability and Power Modules concerning reliability and lifetime (high
temperature reverse bias, high temperature gate stress test, high humidity, Power Cycling,
Thermal Cycling, Thermal Shock).

SMA will optimize the demonstrator to improve the efficiency and EMC behaviour. Further
measurements of losses, efficiency and EMC are an essential part of the work in this Task.
Tests and calculations concerning reliability, life time and costs will be accomplished. In this way
SMA will demonstrate the improvements of the research activities.

TUC will evaluate turn-off ruggedness and surge current capability of SiC Schottky diodes. The
PV converter demonstrator developed by SMA will be investigated regarding its electromagnetic
emissions.

UNICAL will carry out a hardware/software experimental set-up for the evaluation of the
correctness of the principle of operation of the battery management system and its effectiveness
in implementing energy-efficient battery charging strategies.

Tyndallshall provide and evaluate parts for integration into CPV cell areas for performance
monitoring and failure detection as prepared in Task 3.1.

Participants’ role

SMA will investigate, in close cooperation with IFAG and TUC, how to increase the performance
and efficiency of PV inverters by using improved low-inductance modules and a low-inductance
inverter design. Task of SMA will be the investigations on low-inductance inverter design as well
as testing the different approaches and modules of the partners in the application context of PV
inverter topologies and for the special requirements of PV inverters. A special focus will be on
reliability and lifetime as well as on the validation of the expected advances from the point of
view of an inverter manufacturer (especially efficiency, EMC characteristics and reduction of
costs). Furthermore SMA will realize an experimental PV inverter to test and demonstrate the
advances achieved.

STIAG will provide specific requirements of power conversion electronics for CPV applications.
The specifications will be developed and negotiated with semiconductor partner Telefunken, in
order to ensure the integration feasibility. The targeted MPPT tracking functionality will be
focused on the special needs of CPV conversion systems, and can be re-used in other PV
systems with high demands on shadow management. SolarTec will accompany the development
of circuits for CPV power conversion and MPPT application, and will check intermediate results
at regular milestones. First and second prototypes will be tested in real systems and results will
be compared to the previous state of the art.

SolarTec has established exclusive development cooperation with the loffe-Institute in St.
Petersburg (developer of concentrator technology) and participants in the Apollo program (EU
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Seventh Frame Work Program).

TUC will contribute, in cooperation with IFAG and SMA, to improved devices and an improved
low-inductance module. To improve the SiC MPS diode at surge- and overload conditions, a new
top-side contact structure with increased heat capacity will be calculated using numerical
thermal-electrical coupled device simulations. A metallization with increased thermal capacity
(e.g. Cu) as well as an optimized arrangement of bond wires will be investigated. Measurements
of the switching characteristics and of the overload behaviour will be performed.

In the module development, TUC will perform thermal simulations to ensure a homogeneous
thermal load at indented application conditions and to achieve a high temperature cycling and
power cycling capability. The arrangement with the best trade-off between homogeneous
temperature and lowest electrical inductance is to be found.

RWTH. The Chair of Integrated Analog Circuits and RF Systems of RWTH Aachen University
will contribute to WP3 efficient power conversion. By dividing the solar module into several sub-
modules each having a separate converter the performance of the module no longer depends on
the worst cell in the series connection but only on the worst cell in each sub-module. Shadowing,
worst solar cell contacts or module breakdowns due to single cell failure are no longer a problem
with this new sub-module concept. The combination of the sub-module concept with an energy
storage circuits seems promising, because it enables highly flexible and scalable power supply
for mobile applications. This research covers the whole power scale from ultra low energy
devices to PV plants.

For increasing the output energy of the solar cells different MPPT circuit concepts will be
investigated. Furthermore the Chair of Integrated Analog Circuits will conduct a survey on
different architectures for inverters to find the optimal concept for integrated inverters exploiting
all the advantages of integration. For a proof of concept this architecture and the MPPT circuit
will be implemented together with integrated converters (DC/DC or DC/AC) using the Telefunken
Smart Power SOI technology in cooperation with partners Telefunken, FRAUNHOFER.

FRAUNHOFER IIS will develop the analogue and digital circuit building blocks for the maximum
power point tracker. The main functional block is a power converter with a digital regulation loop
to achieve the maximum output power of the input source, namely the solar module. The loop
senses the output power and controls the power converter to arrive at the maximum power point.
In this way, the power degradation caused by illumination variances, shadowing, aging or
destruction of the solar modules will be decreased. Different control algorithms will be
investigated to achieve the maximum efficiency and best suppression of mismatches between
solar modules. Energy efficiency, precision and transient time will be the design goals of the
focussed MPPTSs.

A combination with the power inverter afterwards and a reuse of certain building blocks will be
investigated.

Furthermore, a communication link from the maximum power point tracker to other system
components will be investigated and developed. This link should report power information from
individual solar modules which are available at the maximum power point tracker. This
information shall include the individual output voltages and currents of the modules or the output
power and control signals of the power converters.

The implementation of the buildings blocks for this intelligent power point tracker has to enable a
cost-effective commercial application, and the combination of power electronics, signal
processing circuitry and communication interface within one SoC or SiP will lead to a small
components count.

TEL will explore and provide an IC demonstrator design with focus on effective DC/AC energy
supply systems and high voltage capability. As part of a supply chain of German partners we will
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work on the specification and integration of a novel CPV-MPPT tracking and power inverter
design.

The architecture of the MPPT tracking and power conversion system will be optimized in
cooperation with academic partner RWTH and FRAUNHOFER. The optimum split between
hardware and software control of MPPT functions will be explored in cooperation with
FRAUNHOFER.

The resulting efficiency will be evaluated in a measurement campaign and the results will be
evaluated and compared to the state of the art. A benefit of 20% reduction of losses by leakage
effects is expected.

Telefunken will further provide its SmartPower SOI technology for high efficiency systems, with
very low standby losses for intelligent power control. For high voltage applications a 700V
technology will be available. This technology is actually being developed in the ENIAC project
SmartPM and will be re-used here. Possible enhancements will be introduced according to
requests of applications. The technologies will be offered for use of partners with design tasks in
this project. Telefunken will offer design kits with technical support and a MPW (Multi Project
Wafer) -service for related partners.

IFAG will investigate several advanced technological design options for the replacement of
existing boost diodes to enable the operation of high performance low cost solar inverters under
difficult conditions (start up at low temperature, degradation of material, ...).

Infineon AG will develop high efficiency IGBT and SiC components as well as innovative
interconnection technologies for enhanced functionalities and a significant performance
improvement. Concerning chip / module interconnection significant improvements and
completely new technologies have to be researched on. This has to be realized on three levels;
on component side (metallization), on module side and the interconnect technology itself.

In close co-operation with SMA and TU Chemnitz. Infineon will investigate in the development of
fast switching IGBT components and SiC diodes to increase the performance and efficiency of
PV inverters. The system characteristics of the inverter, as well as more efficient utilization of
devices, increased efficiency or improved EMC behaviour are to be achieved by fast switching
elements in combination with drastically reduced inductivities on module level.

On chip level Infineon will research on a 1200V SiC Schottky-diode significantly improved
concerning robustness and overload ability. Based on a Merged-pin-Schottky-structure the
device will be able to compensate a short time overload by an integrated heat accumulator.
Therefore a new chip/module construction with extremely low inductivities is necessary.

Infineon will make investigations on low-inductance chip / module design as well as testing the
different approaches for the special requirements of PV inverters. A special focus will be on
reliability and lifetime as well as on the validation of the expected advances (especially
efficiency, EMC characteristics).

NXP’s contribution to the ERG WP3 work package is the design of innovative semiconductor
solutions for panel-based power-management topologies for solar systems, making optimum use
of the specialized power IC technologies available in the company. NXP would like to perform
the following tasks:

Play a role in defining the specifications of the optimum conversion system aimed at increasing
the overall energy output of a solar system (Task 3.1). Such a conversion system involves power
converters on panel level (DC/DC and/or DC/AC, i.e. micro inverters, in the 100-200W range).
Playing a role in the specification phase as a semiconductor company makes a more integrated
and therefore cheaper realization more likely.

Realize test ICs with which the intended power converters can be realized (Tasks 3.2 and 3.3).

After proof of concept in Tasks 3.2 and 3.3, realize final test IC implementation to build total
application and proof increased overall efficiency.
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UNICT - DIEES will collaborate in the tests of the efficiency of the converters and EMC issues.
The DIEES-CePTIT power electronics lab has a specific test bench to carry out accurate static
and dynamic efficiency test for PV applications. In particular, a PV field simulator is available,
based on programmable DC power source. Moreover, in order to test the response of different
MPPT algorithms in term of the maximization of the energy production in variable sunny
conditions, a suitable test procedure has been set up. As regards the EMI-EMC issues, the
CePTIT-DIEES EMC lab has an anechoic chamber and EMC equipments for pre-compliant
tests, able to measure EMI emissions and device immunity.

Tyndall will devise architecture to sense the performance (source current, open circuit voltage,
temperature) of the CPV cells and report fault operations. In many cases it is not practical to
have one WSN mote per CPV cells so the motes will be configured to sense multiple CPVs.
Types of sensors, criteria for fault reporting, sensing intervals etc will be determined.
Architecture options for power sources will also be required for the wireless sensors (e.g. using
DSSC technology from SPR to create an independent supply Vs interconnect with main CPV
array). Tyndall TNI-UCC shall provide parts for CPV demonstrators and work with partners to
optimize the architecture, sensor selection and definition of parameters to determine CPV
performance and failure detection.

UNICAL research group will analyze the impact of different charging patterns for commercial
battery cells on storage efficiency by developing a test methodology for evaluating the dynamic
performance of a cell in the presence of time-varying charging current profiles. On these bases,
optimal charging strategies in the presence of typical power availability in a PV cell-based
distribution grid will be studied, in order to define possible battery charging management sub-
module architectures.

The candidate preliminary architecture of the battery management system will be selected taking
into account also expected performances and technical feasibility for actual system development
and demonstrator design. After these phases, UNICAL will design a concept module to manage
the smart battery charging in accord with possible innovative charging strategies developed in
parallel in WP4. The evaluation of the effectiveness of the selected strategies will be done by
means of an experimental set-up implementing the principle of operation of the selected smart
battery management system architecture.

SPR will work closely with partner Tyndall in supporting Tyndall’s development and integration of
conditional (performance & fault) sensor solutions for the CPV cells. This will include the sensors
& sensing parameters, optimizing the level of granularity required Vs number of sensors used
and reliable self-powering of the sensors. A key consideration for this work will be integrating
SPR’s DSSC technology as part of the hybrid energy management system (provision of
samples, helping Tyndall to maximise DSSC conversion efficiency under various environmental
conditions whilst minimising leakage currents & MPPT circuit power dissipation).

Deliverables

Del. Deliverable Title Contributors Due
No. date
D3.1a | Specification of Conversion Systems and technology platforms, SMA, STIAG, TEL, | M06
with segments: FRAUNHOFER,
RWTH, IFAG, TUC,

e Report on system specifications for sub-module and MPPT
concepts:

o PV converters (SMA)

NXP, UNICT,
Tyndall, UNICAL
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CPV converters (STIAG, RWTH)
Maximum Power Point Trackers, Communication
(FRAUNHOFER)
SiC, IGBT technologies (IFAG)
Charging management system for smart energy storage
option (UNICAL)
o Performance Sensing (TNI-UCC)
o EMlfilter integration and optimization (UNICT)
o PV-module-level DC/DC converters (NXP)
e Specifications of used semiconductor components in
chosen topology (IFAG, TEL, NXP)
D3.1b | Architecture Study for implementations in demonstrator designs, SMA, STIAG, TEL, | M15
with segments: FRAUNHOFER,
e Architecture for sensing CPV generator cells (STIAG, RWTH, IFAG, TUC,
UNICT, Tyndall, FRAUNHOFER, TEL, NXP, RWTH) NXP, UNICT,
. . Tyndall, UNICAL
e Architecture study for smart battery charging both for
automotive and energy storage systems (UNICAL)
e PV-module-level DC/DC converter topologies (NXP)
D3.2a | Report on test designs: TEL, M18
e Sensing and communications infrastructure in place for FRAUNHOFER,
CPV demonstrator (Tyndall) RWTH, Tyndall,
. . - . . IFAG, TUC, NXP
e IGBTs with low inductivity; 1200V SiC Schottky-diode
(IFAG, TUC)
Report on tape out of MPPT / power conversion ICs (TEL,
FRAUNHOFER, RWTH, NXP)
D3.2b | Report on experimental results for improved efficiency: SMA, STIAG, TEL, | M24
e DC/DC and DC/AC converters(NXP, RWTH, FRAUNHOFER,
FRAUNHOFER, TEL) RWTH, IFAG, TUC,
i NXP, UNICT,
* Interconnect technologies for heat storage modules (IFAG) | JNiCAL
e Models of converters including high frequency behaviour
(UNICT)
e Smart battery management architecture (UNICAL)
D3.3 Report on realization of test silicon, with segments: SMA, STIAG, TEL, | M30
¢ Realization of test silicon for solar converters, DC/DC FRAUNHOFER,
and/or DC/AC (TEL, FRAUNHOFER, RWTH, NXP) ﬁ‘)’(VPTHLj %ﬁ TUC,
e Proof of concept on converter level (SMA, STIAG) ’
e Power module with integrated IGBTs and SiC (IFAG)
e Proof of concept of the battery management system
(UNICAL)
D3.4 Test reports for realized demonstrators, with segments: SMA, STIAG, TEL, | M36
e Report on measurement results of the MPPT and sub- FRAUNHOFER,
module concept (STIAG, TEL, FRAUNHOFER, RWTH, RWTH, IFAG, TUC,
NXP) NXP, UNICT,
UNICAL, Tyndall,
e Smart Battery management system (UNICAL) SPR
e Sensing infrastructure for CPV generator cells (Tyndall,
SPR)
e Power module (IFAG)
e Report on EMI-EMC performance (UNICT)
Milestones
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Mil. Milestone Title Means of Verification Rela_ted Due

No. Deliv. date

M3.1 | Specifications of conversion systems Specifications available, report D3.1a MO06
available released

M3.2 | Test designs available Tape Outs done, report D3.2a M18
released

M3.3 | Silicon for demonstration available Silicon available, report D3.3 M30

released
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Work Package

number WP4 Start date or starting event: M1

Work Package

title Smart energy distribution, utilization and management

Participant 5 1 4 7 21
number

Participant POLITO | ST IUNET | UNICAL | LEITAT
short name

Person- 117 100 14 14 10
months per
participant

Objectives

In state of the art grids electrical energy generation is based on the load demand. When
switching to renewable energy sources this scheme becomes problematic, because sources are
not always available on demand, unless a large costly storage capacity is introduced. A cheaper
solution is to match the demand of the load with the instantaneously available power and amount
of stored energy. This is only possible with a communication network between generator,
storage and load. Advanced models are required to implement an efficient management
strategy. ERG will develop the monitoring and communication equipment and demonstrate if for
a large scale commercial smart grid and in an industrial micro grid.

A\

Maaike Hartjes.nt
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WP4: Smart Energy Distribution, utilization and Management

Specification requirements
IUNET, LEITAT, POLITO, TYNDALL, UNICAL, ST

Modeling Network monitoring Smart grid demonstrator
POLITO, ST, UNICAL IUNET, LEITAT, TYNDALL IUNET, POLITO, ST, UNICAL
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Description of work

Task 4.1: Development of models for the performance of individual devices and the
network as total

Leader: IUNET — Other participant(s): UNICAL, POLITO, ST
Start date: M1 — End date: M36

The objective of this Task is to obtain a realistic behavioural model, based on power sources and
load profiles, for the development and evaluation of suitable energy dispatching policies that
allow the optimal utilization of the electric energy coming from the energy distribution system and
photovoltaic systems.

The activity is aimed to the development of advanced battery charging algorithms that allow
implementing the optimal energy dispatching policies developed in the early stage of the WP.
For this phase the objective is to improve the Mean Satisfaction Degree of final users from the
value of 67%, at the moment achievable by the use of standard algorithms proposed in literature,
to a value of 80-85%.

Smart charging algorithms will be proposed in order to maximize the efficiency of the battery
charging process when the previously discussed energy dispatching policies are applied, aimed
to increase overall efficiency of the charging process of 10% with respect traditional systems.
Other figures of merit used for the ranking of policies might include (depending on user or use
case constraints) battery lifetime, or demand fulfilment of load current.

Task 4.2: Development of monitoring and communication equipment
Leader: IUNET — Other participant(s): LEITAT
Start date: M4 — End date: M36

The objective of this Task is to develop sensors and communication chips for smart grids,
including the application software.

Task 4.3: Demonstrators
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Leader: ?? — Other participant(s): IUNET, POLITO, UNICAL, ST
Start date: M12 — End date: M36

The main demonstrator will be a smart grid related to a household application. This grid will be
powered via PV and connected to smart consumer-type loads, like solid state lighting and
appliances. A key feature will be a wireless sensor network and connection to Internet. A second
smaller demonstrator will focus on a micro smart grid in an industrial/healthcare application.

Participants’ role

IUNET-Pisa proposes to focus on the design, development and deployment of Wireless Sensor
and Actuator Networks (WSAN) based on the Zigbee Pro standard for smart energy
management in residential and commercial buildings. Sensors include AC power meters (smart
meters), temperature, light and presence sensors. The system includes also actuators, a
network coordinator implementing active energy management policies, a gateway to the Internet
to allow for remote control and configuration of the system. IUNET-Pisa has developed
prototypes of Zigbee sensor nodes, a gateway, and a software infrastructure for data collection,
storage and presentation. Such prototypes will be further developed and tested towards a full
demonstration of a smart energy management system.

LEITAT’s contribution to WP4 will consist in the implementation of a Wireless Sensor Network,
based on Zigbee protocol, including energy monitoring, sensors for energy efficiency
improvement and actuators. Other aspects such as energy harvesting solutions for powering
WSN will be considered. LEITAT will collaborate with other partners in the demonstration of
WSN to improve energy efficiency.

POLITO will contribute with smart energy management solutions for multi-supply systems. Since
a PV supply system is available intermittently, a sort of accumulation is needed, usually through
a rechargeable battery. Under some particular conditions (full sunlight), however, it might be
convenient to distribute the available energy to the load and to the battery in a non obvious way.
The conventional paradigm is to consider the PV cells as the 'charger' element of the storage
device: when light is available the battery is charged, and the battery is viewed as the true
"supply device".

The proposed approach corresponds to have a "peer" view of the two energy sources (PV and
battery) as supply devices: in practice, to map the As a matter of fact, there might be periods of
low irradiation in which the battery experiences low state-of-charge (SOC) periods and in which
the electrical load is attempted to be matched. A smart management system would monitor the
SOC and gradually reduce the energy taken from the battery (i.e., reduce the load) to help
prevent continuous operation at a low SOC, which deteriorate the lifetime of the battery.
Similarly, under condition of excess charge (low load periods in condition of high irradiation), the
management system could use the excess charge generated to directly supply the load.

In order to evaluate such scheduling policies, a model of the power sources characteristics (e.g.,
available charge, voltage, and SOC vs. load current) as well as the typical load conditions (e.g.,
current profiles). Given those models, POLITO will develop a software simulator that is able to
evaluate various "load-driven" energy distribution policies and calculate the optimal one for the
target load.

UNICAL. The activity will first of all focus on the analysis of real specification of the problem, in
particular with regard to expected load trends during a specific time, load specification, maximum
and minimum current allowable for a specific load topology.

The development of a realistic behavioural model for the evaluation of suitable energy
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dispatching policies will follow, which allow the optimal utilization of the electric energy coming
from the energy distribution system or by photovoltaic supplies, resulting in a maximum charging
efficiency and quality of service.

The third step consists in finding ad-hoc algorithms for the smart management of grids for
sustaining the energy demand from large numbers of battery-based systems (both for

automotive and energy storage applications), most of all in the presence of solar-photovoltaic-
based energy sources.

After this phase, the activity will focuses on the development of specific charging algorithm

aiming to enhance the overall charger/battery system efficiency.

Deliverables

Del. Deliverable Title Contributors Due

No. date

D4.1 | Specifications for sensor, communication chips and Leader, contrib. 2, contrib. 3, M12
demonstrators.

D4.2 | Behavioural models of network components Leader, contrib. 2, contrib. 3, M18

D4.3 | Battery charging algorithm Leader, contrib. 2, contrib. 3, M24

D4.4 | Wireless sensors (voltage, current, light, presence), Leader, contrib. 2, contrib. 3, M24
network topology and management software

D4.5 | Integrated demonstrator Leader, contrib. 2, contrib. 3, M36

Milestones

Mil. Milestone Title Means of Verification Rela_ted Due

No. Deliv. date

M4.1 | Specifications available Report released ??? M12

M4.2 | Network components and algorithms Prototype components and ??7? M24
available software available

M4.3 | Smart grids demonstrated Demonstrator available ??? M36
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Work Package | WPM1 Start date or starting event: M1

number

Work Package | Standardisation, Dissemination, Exploitation

title

Participant 1 2 3 4 5 6 7
number

Participant ST AMAT | COM | IUNET POLITO | UNIBO | UNICAL
short name ITALIA | PEL

Person- 27 6 2 3 2 1 1
months per

participant

Participant 8 9 10 11 14 15 16
number

Participant UNICT | CNR ELET | ONSEMI | STIAG TEL FRAUNHOFER
short name TRA | -B

Person- 1 1 2 4 2 2 1
months per

participant

Participant 17 18 19 20 21 22 23
number

Participant RWTH | IFAG SMA | TUC LEITAT | STUBA | POWERTEC
short name

Person- 1 2 1 1 2 1 1
months per

participant

Participant 25 26 27 31 34 35
number

Participant SPR Tyndall | NXP | BTE ENECSY | UoS

short name S

Person- 1 1 2 5 2 2

months per

participant

Objectives

The present work package shall be the ladder to ensure the greatest possible impact of the
project outcomes onto the international industrial and scientific design community in the broadest
possible sense. It is one of the major objectives of the ENIAC AWP, not only to secure the
European companies short term industrial applications by leveraging all intellectual excellences
available in the Community area to commit to a strong dissemination and exploitation plan
and consequent execution, but also to be the lighthouse that concretely drives market trends by
the definition of commonly accepted standards.

TML1.1 shall develop and execute the plan that will define and coordinate the standardisation
activities.

The dissemination work will be split into two Tasks, TM1.2, the set-up and maintenance of a
lively, user-friendly and easily-accessible web-site which will be one of the instruments of the
TML1.3 that will deal with all the issues related to the dissemination of the project progress and
achieved results to a wide audience, including designers, engineers and scientists from industry
and SMEs, as well as researchers, instructors and students from educational institutions and
research centres. The web site will also be the effective instrument of the project management
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by providing a flexible and powerful tool for internal communications and collaboration in its
private part as described in the TM1.1

The last piece of work in this WP regards the fundamental task of project result exploitation.
Task TM1.4 covers the exploitation activities, which include also market analysis and short term
roadmaps definition. Exploitation comprehends the advertisement and promotional activities for
awareness creation about the outcomes of the project, as well as the preparation of the
exploitation plans by the individual partners and by the Consortium as a whole. Market analysis
and road-mapping covering the aspects solar energy exploitation, management and distributions
(including standard definition) important building bricks towards the maximization of the impact of
the project and they will pave the way to best commercial exploitation of the achieved results.

Description of work

Task M1.1: Standards
Leader: ST — Other participant(s): All
Start date: M1 — End date: M36

The standardization activities will start at the very beginning of the project as they are
simultaneously driver and outcome of the project activities. The Standards panels to be targeted
are described in section 4.3. The Task foresees and initial plan to be delivered at month six and
updated at month 20. At month 18 and 36 the first report and final report of the achievements of
the projects with respects to the standards definition and contributions.

Task M1.2: Set-up and maintenance of the project web-site
Leader: ST — Other participant(s): All
Start date: M1 — End date: M36

The objective of this Task is the set-up and maintenance of a public web-site that will constitute
the main point of collection of the project information, including public deliverables, summary of
major scientific achievements, advertisement of dissemination and training activities.
Maintenance and incremental updates will take place monthly, major revisions and restructuring
will occur every six months. The web-site will be mastered by partner ST. A link to a private,
password-protected section of the web-site will be reserved for communication internal to the
ERG Consortium, and it will also be used for communication to the EC and to the project
Reviewers.

Task M1.3: Dissemination
Leader: IUNET — Other participant(s): All
Start date: M1 — End date: M36

The partners of the ERG Consortium will disseminate the project results through various means,
including scientific presentations at international conferences and workshops, publication of
papers in international journals, magazines and conferences, participation to activities such as
tutorials, panels, round tables and seminars in international events, as well as to summer
courses and targeted dissemination actions regularly organized by the scientific community.. It is
expected that the project will generate a large amount of innovative, scientifically sound research
results, which could lead to several publications. A measure of success of the scientific impact
that the project will have is certainly the number and quality of the papers published jointly by the
partners. Given the size of the Consortium, the scientific excellence of the partnership and the
broad range of innovative topics covered by the project, we predict that no less than 40
conference and 10 journal papers will be published within the project lifetime (or immediately
after project conclusion). A dissemination plan will be prepared and issued at the beginning of
the project, and updated at month M18. It will serve as reference for the execution of the
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dissemination activities.

It is understood the project will improve the technological transfer potential of the academies to
SMEs at the local regional and national levels.

Task M1.4: Exploitation

Leader: ?? — Other participant(s): ST, ELETTRA, ONSEMI-B, STIAG, TEL, IFAG, SMA, SPR,
NXP, BTE, ENECSYS, IUNET, POLITO

Start date: M3 — End date: M36

The exploitation of the project results is the final step which is required to make the ERG project
a success from the point of view of both industrial and societal impact. In order to implement a
successful exploitation strategy, the partners of the ERG project, as well as the Consortium as a
whole, must take the appropriate actions and measures already during the project lifetime to
prepare for this target. The planned activities in this Task include the advertisement and
promotion of the ERG design activities and prototypes following well established strategies
based on participation to fairs and exhibits in the key areas of the energy supply chain and its
applications, offering of on-site presentations and demos to potential customers, set-up joint
marketing and distribution agreements to enhance the visibility of the new technologies,
especially outside Europe. All the ERG partners will prepare result exploitation plans, indicating
in detail what market and business opportunities will be favoured by the development of the new
technologies made in ERG. A preliminary plan, jointly compiled by the Consortium as a whole
and by each individual partner will be delivered at M18. The exploitation plan will then be
finalized at the end of the project. Instrumental to the implementation of effective preparatory
actions to result exploitation is the market surveying and road-mapping activity, which is part of
this Task. Market surveying will be a continuous effort, spanning the entire duration of the
project. Three updates of a market survey document will be delivered by the partners at months
M6, M18 and M30.

More details on the Impact, Dissemination and Exploitation activities are to be found in sections
4.1,4.2.

Participants’ role

Deliverables

Del. No. Deliverable Title Contributors Due
date

DM1.1.1 | Standards :first plan ST, All MO6

DM1.1.2 | Standards first report ST, All M18

DM1.1.3 | Standard plan update ST, All M20

DM1.1.4 | Standards final report ST, All M36

DM1.2.1 | Set-up of the public ERG web-site ST MO1

DM1.2.2 | Registration of all project partners to the private part | ST, All MO03

of the web site
DM1.3.1 | Press release: Launching the ERG Project ST MO1
DM1.3.2 | Initial dissemination plan IUNET, All MO03
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DM1.3.3 | First report on dissemination activities IUNET, All M18
DM1.3.4 | Updated dissemination plan IUNET, All M20
DM1.3.5 | Final report on dissemination activities IUNET, All M36
DM1.4.1 | First release of market survey document ST, ELETTRA, ONSEMI-B, MO6

STIAG, TEL, IFAG, SMA,
SPR, NXP, BTE, ENECSYS,
IUNET, POLITO
DM1.4.2 | Preliminary Exploitation Plan ST, ELETTRA, ONSEMI-B, M12
STIAG, TEL, IFAG, SMA,
SPR, NXP, BTE, ENECSYS,
IUNET, POLITO
DM1.4.3 | Second release of market survey document ST, ELETTRA, ONSEMI-B, M18
STIAG, TEL, IFAG, SMA,
SPR, NXP, BTE, ENECSYS,
IUNET, POLITO
DM1.4.4 | Report on preparatory activities for results ST, ELETTRA, ONSEMI-B, M24
exploitation STIAG, TEL, IFAG, SMA,
SPR, NXP, BTE, ENECSYS,
IUNET, POLITO
DM1.4.5 | Final release of market survey document ST, ELETTRA, ONSEMI-B, M30
STIAG, TEL, IFAG, SMA,
SPR, NXP, BTE, ENECSYS,
IUNET, POLITO
DM1.4.6 | Final Exploitation Plan ST, ELETTRA, ONSEMI-B, M36
STIAG, TEL, IFAG, SMA,
SPR, NXP, BTE, ENECSYS,
IUNET, POLITO
Milestones
Mil. No. Milestone Title Means of Verification Rela_ted Due
Deliv. date
MM1.1 | Review of first half standardisation, Review passed, Reports DM1.3.3 | M18
exploitation, dissemination activities released and approved DM1.4.2
DM1.4.3
MM1.2 | Final Review of all standardisation, Review passed, Reports DM1.3.5 | M36
exploitation, dissemination activities released and approved DM1.4.5
DM1.4.6
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Work Package
number

WPM2 Start date or starting event: M1

Work Package | Project Management
title

Participant 1 2 3 4 5 6 7
number

Participant ST AMAT | COMPEL | IUNET POLITO | UNIB | UNICAL
short name ITALIA O

Person- 9 4 2 1 1 1 1
months per
participant

Participant 8 9 10 11 14 15 16
number

Participant UNICT | CNR ELETTRA | ONSEMI | STIAG TEL FRAUNHOFE
short name -B R

Person- 1 1 1 2 1 1 1
months per
participant

Participant 17 18 19 20 21 22 23
number

Participant RWTH | IFAG SMA TUC LEITAT STUB | POWERTEC
short name A

Person- 1 1 1 1 2 1 1
months per
participant

Participant 25 26 27 31 36 37
number

Participant SPR Tyndall | NXP BTE ENECSY | USFD
short name S

Person- 1 1 1 2 1 2
months per
participant

Objectives

The work to be performed in this WP includes, primarily:
e Set-up and implementation of all the project management structures

e Organization of the project kick-off meeting and of the periodic management and
technical meetings

e Execution of day-by-day project administration and monitoring of work progress
e Technical steering of the project

o Identification of potential risks and definition of appropriate recovery plans

e  Monitoring of the performance of the Consortium partners

¢ Implementation of corrective actions to cope with possible misbehaviours of some
partners

o Definition of standards and conventions regarding matters such as documentation and
review procedures

e Preparation and delivery to the JU of the required documents and reports
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¢ Organisation and preparation of the project review meetings
e |IPR Management

Description of work

Task M2.1: Project management
Leader: ST — Other participant(s): All
Start date: M1 — End date: M36

In this Task, the project coordinator and all the partners will perform the due project
management activities, including technical, strategic, administrative and financial actions, all
devoted to an efficient, on-time execution of the project work and the delivery of the
corresponding results. Key tool for project management will be the Internal Project Web Site. It
will be used to manage the contact and distribution lists, as well as a repository for
communication and documentation exchange among the partners. It will be implemented as part
of the project public web-site.

Two are the key activity of this Task:

1) the project coordinator will set-up and implement the necessary project management
structures, in accordance with the schemes described in Section 5 In addition, the
project coordinator will convene the END project kick-off meeting no later than two
weeks since the official start date of the project.

2) the preparation and delivery of the Periodic Project Reports on Progress, and Use of
Resources. The project coordinator will ensure that such reports will be organised so
that the individual contributions of each partner within the different Tasks and their
individual contribution to a specific (part of a) deliverable is clearly visible in order to
allow the different Member States involved to judge the level of contribution of each
participants in view of the resources used and results achieved.

Task M2.2: Communication with the JU
Leader: ST — Other participant(s): -
Start date: M1 — End date: M36

The project coordinator will be the primary contact point to the JU and the reviewers for all the
matters, technical and administrative, concerning the execution, progress and management of all
project activities. Any action concerning communication to the JU and the reviewers, as well as
the exchange of material, technical, administrative and legal documents occurs in the context of
this Task. A specific section of the Internal Project Web Site will be dedicated to the interaction
with the JU and the reviewers, through secure connections and password protected folders and
directories.

Task M2.3: IPR management
Leader: ST — Other participant(s): All
Start date: M1 — End date: M36

This Task concerns the establishment of appropriate policies and rules for the management of
background and foreground Intellectual Property for the technologies developed within ERG.
The documents that will finalise the agreed rules shall be the EPCA to be delivered at month 6.
IPR management will be a continuous activity covering the entire project life. We foresee a first
release of the IPR Management database containing the list new know-how generated by the
R&D activities during the first 18 months of the project. The second version of the IPR
management database, consisting of the IP overview table organized as a list of exploitable
results on how the knowledge could be used in further research, will be delivered by month M36.
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Section 4.4 has been dedicated to the impact of the ERG IPR Management.
Participants’ role
Deliverables
Del. No. Deliverable Title Contributors Due
date
DM2.1.1 | Project Management Handbook ST MO03
DM2.1.2 First Periodic Project Report on Progress, Use of ST, All M12
Resources and Financial Statement
DM2.1.3 | Second Periodic Project Report on Progress, Use of | ST, All M24
Resources and Financial Statement
DM2.1.4 | Third Periodic Project Report on Progress, Use of ST, All M36
Resources and Financial Statement
DM2.1.5 | Final Publishable Summary Report ST, All M36
DM2.3.1 | IPR Management Database: First Release ST, All M18
DM2.3.2 | IPR Management Database: Final Release ST, All M36
Milestones
Mil. No. Milestone Title Means of Verification Related | Due
Deliv. date
MM2.1 | Review of first half of project activities Review passed, Reports DM2.1.2 | M18
released and approved DM2.1.3
MM2.2 | Final Project review Review passed, Reports DM2.1.4 | M36
released and approved DM2.3.2
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6.3 Description of milestones
Milestone Milestone name Work package(s) | Expected date 9 Means of
M1.1 First Version of PV Cell WP1 M18 Devices available
Devices
M1.2 First Device Evaluation. WP1 M24 Report released
Device Model
Refinements. Guidelines
for Refinements on Final
\Version of Devices
M1.3 Refined Version of PV WP1 M30 Devices available
Cell Devices
M1.4 Final Device Evaluation. WP1 M36 Report released
Comparison of the
advanced Si and DSSC
technologies.
M2.1 Specifications of power WP2 MO06 Specifications available,
M2.2 Systems design ready WP2 M18 Specifications available,
Report released
M2.3 Prototype of WP2 M30 Prototype available
demonstration systems
M3.1 Specifications of WP3 MO06 Specifications available,
Conversion Systems Report released
available
M3.2 Test Designs available WP3 M18 Tape Outs done, Report
released
M3.3 Silicon for WP3 M30 Silicon available, Report
Demonstration available released
M4.1 Specifications available WP4 M12 Report released
M4.2 Network components WP4 M24 Prototype components
and algorithms available and software available
M4.3 Smart grids WP4 M36 Demonstrator available
demonstrated

9 Measured in months from the project start date (month 1).
10 sShow how you will confirm that the milestone has been attained. Refer to indicators if appropriate. For
example: a laboratory prototype completed and running flawlessly; software released and validated by a user
group; field survey complete and data quality validated.
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7 MARKET INNOVATION AND IMPACT

7.1 Impact

The impact of the nanoelectronic technologies for the “energy & CO2 budget” is
foreseen in the area of the forthcoming solar energy market especially in the photovoltaic
segment. Nanoelectronics is the main and most critical key enabler. It is envisaged that
addressing the hearth of the production methods and the supply chain of networked solar
energy appliances will improve the competitiveness of the electronic industry in Europe and
speed up the full deployment of a set of smart photovoltaic applications and innovations.

The proposed project has a clear focus on urgently needed sustainable and renewable
energy generation for a broad range of applications, to be in daily use by European and also
worldwide citizens. The results will help to generate energy more efficiently by avoiding
losses during conversion and transportation. Local energy generation and usage will avoid
unnecessary transportation and will reduce the loads of future energy grids. Furthermore the
usage of modern technologies like SOI will avoid losses in energy conversion by increasing
conversion efficiency and significantly reducing standby losses.

This project has a significant strategic impact for whole Europe.

On the one hand this project strengthens the technology competence of the European
solar industry. From the photovoltaic industry, to suppliers of converters/inverters, down to
semiconductor and solar cell manufacturers, technology leadership is absolutely important in
this extremely competitive and cost sensitive market segment that is extremely subsidized by
the US or Asian governments

On the other hand the project results enable an efficient usage of "green" energy. An
efficient usage of renewable energy sources like solar is one of the big challenges for Europe
in the future (concerning market acceptance and worldwide competition) and therefore of
strategic relevance

Based on the high and strongly increasing market volume of the solar technology and
the challenging innovation targets of the project, the project will have an extremely significant
impact on the European industry and economy as well as will support the political goal of
reducing the greenhouse gas emissions to about 20% of the 1990 baseline by the year 2050
(Germany).

Photovoltaic-Market

Renewable energies, especially the photovoltaic technology are extremely fast growing
market segments.

In particular by the end of 2008, total world energy consumption was approximately
15TW while the PV installed capacity was 16GW. To make a significant contribution to
worldwide energy demand, the industry needs to move from gigawatts of production to
terawatts. The historic rate of growth for PV since 1975 has been 30% per year, and in the
last decade the growth has been close to 40%.

At the beginning the demand consisted in utility and government grid-connected
demonstration projects, and in the off-grid market. The strong growth rate observed in recent
years is due to subsidies, initially in Japan, Germany and California, later reinforced in
Germany thanks to the feed-in tariff (FiT) law, soon followed by similar laws in many other
European countries.
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Figure 4.1 — PV Installation evolution with regional divisions, including short term forecast (Source:
iSupply April 2010)

PV technology is dominated by silicon, in the form of crystalline and multi-crystalline
modules. Recently the thin film technology has acquired more and more momentum, thanks,
from one side, to the huge advancements mainly in the CdTe, with contributions of
amorphous-Si and CIGS technologies, and on the other side, to a silicon feedstock supply
shortage which affected the module cost of crystalline and multi-crystalline Si in the period
2004-2008. The shortage period has ended, producing a strong decline in the price of silicon
modules.

However this market is extremely cost sensitive. Solar cells, power components,
converters and photovoltaic systems at competitive cost and a more than competitive
performance (energy efficiency) are the market success factor.

As a German study of the ministry of environment states, is efficiency in generation and
usage of photovoltaic (solar cells and power electronics) extremely important to fulfil the
challenging EC targets of CO2 emission reduction.

“The foundation underpinning all efforts, however, must be a substantially more efficient
energy management in all fields of conversion and use. With such a strategy Europe can
drastically reduce its dependence upon fossil energy imports and can thus greatly improve
the security of its energy supply. This would also prevent potential conflicts arising over
increasingly scarce energy resources” (source: Lead Scenario 2008; study of the German
ministry of environment).

66



Technical annex ERG

300

F Wind wind Biomass,
i . Hydropower Onshore Offshore biogas
250 I |:| Photovoltaics . Geothermal D Eg;%':z?:digﬁg II

200 [----oommoooooo oo O |||
o Scenarios of I.’RG 5| 30.4% ] I
F energy summit 07 — l
r EE KV — E l
__ ___________ Scenario ofthe | __ - ___ P !
150 ]
L energy-report IV i" !
= >
i E m
100 |

Renewable elecricity generation, TWh/yr

o CHe I|||| ||||| |‘|||||‘||“
--lI|||‘ ‘ “
0

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

LEIT 5TR-2030:12.5.08

Figure 4.2: Electricity generation in Germany from renewable sources according to the Lead Scenario
2008

According to the Lead Scenario 2008, the contribution of renewables to electricity supply
can rise from 87.5 TWh/yr in 2007 to 178 TWh/yr in 2020. The share of renewables in the
calculated gross electricity consumption of 2020 is 30.4%. Insufficient efficiency
improvements in electricity use can, however, seriously jeopardise relative targets or would
require an additional increase in renewables-based electricity generation if the targets are to
be attained” (source: Lead Scenario 2008; study of the German ministry of environment).

Table 4.1: Electricity generation from renewable sources in Germany according to the Lead Scenario
2008

PV 2000 2007 2010 2015 2020 2025 2030 2040 2050

energy 0.1 3.5 6.2 11.0 155 18.7 21.9 25.3 27.7
TWhly

The project thereby will create a market growth for the European system and equipment
companies as well as for the semiconductor manufacturer and in the long run will create
many jobs all over Europe. In addition this project strengthens the industry in its global
competition by reducing energy and maintenance costs significantly and last but not least is
a starting point for a lot of future innovations.

An additional impact of this project is the strengthening of the Smart Grid Trend. Solar
panels are a key component of the upcoming Smart Grids (micro grid) and the efficiency is a
market issue. Micro-grid approach in Japan is to permit a smart and clean consumption of
electricity between the house, the grid, the eventual renewable energy sources and the
battery parks
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Figure 4.3: Renewable energy and Smart Grid interaction.

As a matter of fact, end-consumers are more inclined to reduce their power consumption
when they know exactly how much it will cost them by the end of the month. High efficient
solar cells, power electronics, converters and in the end solar panels help significantly for
cost reduction and end-consumer acceptance.

Distributed generation of energy (small solar panels — market focus of this project) will
be a key innovation in the future (source Yole Development)

Distributed Generation (DG) technology:

— DG is a small-scale power generator located close
to the load being served decreasing the need for
building new power plants and transmission lines

— As solar cost continues to drop closer to grid parity
(see graph Estimated grid parity momentum) , DG
can help solar energy be used directly by the end-
user instead of being sold to the local utility
company.

Estimated grid parity momentum
Italy - Roma

— DG can take renewable energies to one of the main
energy sources by using specific real-time 10
management systems.

€cts/kWh

— PV inverters will have to either embed this
technology or be able to communicate with a grid
management layer.

2008 2009 2010 2011 2012 2013
LCOE (€ cts/kwh) 30,5 22,5 20,5 18,7 16,9 15,2

Price of electricity (cts/kWh) 140 14,6 151 15,7 16,4 17,0

AY
Figure 4.4: Distributed generation technology.

Source: PV It tive Prog — Yole Dé

China will be in the future worldwide leading in the area of renewable energy.
Renewable energies law is effective since 2006 to encourage renewable energy resources.
Renewable energy is expected to reach 10-12% of total installed power capacity by 2020 in
China. China is to become the first market in Renewable Energy from 2010. To address this
market is a fact of survival for the European solar industry. This project will help to ensure
our economical future.

Additional impact is foreseen for industrial partners in their specific market niches.

For ST the impact of the development of innovative solar cells, dedicated IC for
Photovoltaic power conversion as well for any other renewable energy source, in conjunction
with innovative system architectures integrated in the Smart Grid arena will be directly on the
market share in such a fast growing worldwide application sector as well as in Company
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outlook in terms of social commitment. Thanks to the design and development activities
which have been proposed in ERG, ST will contribute in the spreading of the European
know-how all over the world, keeping this know-how as European knowledge.

For ON Semiconductor the impact of the development of the splitgate XtreMOS™ is
twofold: it will strengthen and improve ON Semi’s market position for power MOSFETSs, and
on the other hand it will improve on energy losses in power converters. It is the goal to
improve in switching converter efficiency from 70% up to >85% — 90% by increasing the
switching frequency in the 100-300 kHz range. These new power MOSFETS can be used in
a wide range of applications: DC-DC converters, AC-DC adapters, power supplies, consumer
electronics (i.e. LCD LED TV), UPS, automotive applications, etc. Market projections predict
a doubling in units shipped over 5 years: from 400E6 units in 2009 to 800E6 units in 2014.

The combination of an improved switching efficiency with a doubling of the units
shipped, will result in a significant power saving, what will lead to a severe reduction in CO,
emission.

Infineon will transfer the improved system properties, costs and lifetime in serial
products. Based on the project results it is possible to develop new significantly improved
photovoltaic power modules for different applications within the frame of subsequent product
development. The markets to be addressed with devices containing such power modules
have a considerable volume estimating an increase in photovoltaic-usage from 1% in
Germany to perhaps 30%. Same applies to the largely undeveloped global markets.

Regarding IGBT-Modules Infineon is no. 2 after Mitsubishi. Infineon is world market
leader regarding semiconductor power elements with a market share of 11% and achieves a
worldwide turnover of 930 M€. With the current IGBT-Power Modules Infineon generates a
turnover of 330 M€ per year. In the segment of IGBT-Power Modules we are expecting a
market share of approximately 34.5%. (Source: IMS research Power Semiconductor
Discretes&Modules 2010 Preliminary Market Share).

In the long run, the market grows by double-digit percentage. Due to project results in
energy efficiency and energy savings, the essential market driver, the industry will strengthen
its market position.

Applied Materials is the world market leader for c-Si solar cell equipments, in particular
for screen printer, test and sort lines, and laser platforms.

Applied Materials will transfer the outcome of the project into its product lines. In
particular, the lessons learned by working at the ultra thin wafers handling will translate not
only into the possibility to serve a new niche market (where no mass production tool is
available today), but will also be used to improve the current breakage rate. In fact, since
silicon is still one of the major factors determining final module cost, reducing even more the
breakage rate is critical even if the current performances of Applied Materials’ equipments
are the market reference. On the other side, the activity on the design of an automated line
for high volume manufacturing of back contact cells will directly translate into a new product,
ready to serve one of the most promising and interesting markets for c-Si in the next years.
Finally, the activity on DSSC cells will be important as preliminary studies for the possible
introduction of products serving a new market niche, where (once again) no mass production
tool is currently available.

The target of the leading ERG Partner in DSSC, SPR, is to launch applications in the
market which has a relatively small, but nevertheless a substantial growth share in the future.
Equally attractive will be its low cost of manufacturing and its environmental friendly
processing and materials to be used. Moreover, its potentially viable technology for flexible,
light weight and conformal surface contour for applications such as portable devices, on-
board charge for automobiles, wireless sensors, garments etc.

An important upcoming application will be Electrification of Road Transport which
European Commission has been promoting for next 10-20 years. DSSC can be used to
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charge automobile directly on board. Light-weight, flexible, conformal DSSC can be installed
in the car interior where is directly exposed to sunlight such as dash board. It also can be
integrated as part of the automobile exterior which is exposed to direct sunlight. Potentially
viable process for DSSC on polymer substrate is the most promising technology to make
light-weight, flexible and surface conformal solar cell without compromising for weight
increase or appearance athletics. Medium-to-low, diffused light contributes most of the
charging for automobile in everyday life.
Indirect charging can be also accomplished by using DSSC to power through the grid.

Independent measurements performed by Aisin Seiki (Toyota Group) of Japanese show
consistent observations as what have been found in SPR.

7.2 Dissemination and exploitation

Dissemination and exploitation of the project results are naturally the ultimate goal of the
ERG Consortium as a whole, as well as of the Partners individually. The technical solutions
addressed by the project cover several markets that exhibit a constant growth, and whose
cumulated share is quite relevant. In such a scenario, it is evident how the supply chain put
in place by the ERG consortium will constitute a breakthrough innovation for all involved
industries, thus providing clear competitive advantages. In this sense, the ERG project will
contribute to the consolidation and extension of the market shares of the industrial Partners
in the business sectors of concern.

7.2.1 Dissemination

Dissemination plays an important, albeit less directly revenue-related role for the
Consortium: First and foremost, it generates visibility and underlines the Partners’ expertise
in the area, thus promoting their standing. Furthermore, this also fuels interest in the topic as
such. Last, but not least, dissemination helps to drive the convergence of the technical state-
of-the-art. This, in turn, is a mandatory pre-requisite for a commercially exploitable market.
All Partners will work towards dissemination by publications in international, refereed journals
and at targeted conferences, Partners will use their links to industrial and academic
institutions to get an up-to-date and complete picture about overall market needs and
potential of each of the achieved results. Key strategic contributions will be evaluated for
patenting.

On a scientific level, the dissemination activities will be carried out through publications
in specialized journal of energy related journals, like:

e Presentations of papers at national and international Conferences, like
World Conference on Photovoltaic Energy Conversion (WCPEC)
European Photovoltaic Solar Energy Conference
IEEE Photovoltaic Specialists Conference (PVSC)
Darnells Power Forum
IDTechEX Energy Harvesting and Storage
PowerMEMS
International Conference on Integrated Power Electronic Systems (CIPS)
Renewable Energy
Solar Energy Materials
Solar Cells
e Exhibition : EU PVSEC, ELECTRONICA or the Hannover Fair.
e Submission to Journals of high rank, like
o |EEE Transaction on Electron Devices
o |EEE Electron Device Letters, Solar Energy Materials and Solar Cells (Elsevier)
o Renewable Energy (Elsevier)

O 0O 0O 0O 0O O o o o ©o
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Progress in Photovoltaics (WILEY)

Journal of Optical Society of America (OSA)

Journal of Applied Physics

IEEE Power electronics Letters and IEEE Transactions on Power Electronics
Power Conversion Intelligent Motion (PCIM)

European Power Electronics (EPE)

European Symposium on Reliability of Electron Devices

Failure Physics

Analysis (ESREF).

O 0O 0O 0O O O O O ©

All industrial partners of the project, will publish in its commercial communications
(customer presentations, catalogues and brochures, interactive demos) the results of the
projects

Within all Academies involved in the ERG project the staff and students (PhD,
master, diploma and bachelor) will contribute to the dissemination in form of PhD, diploma,
master or bachelor thesis.

Where available within the Organisations participating in the ERG consortium, the
internet and the web-pages will be used to distribute the project results. Newsletters from the
Fraunhofer Energy Alliance will report about the project.

Furthermore, LEITAT and ELETTRA also work with radio and television media and
create many tutorials for a general public to disseminate the results that may be of interest to
the public.

7.2.2 Exploitation

Commercial Prospects

In the case of positive results - especially considering the intended improved system
properties, costs and lifetime- the industrial partners intend to transfer and bring to market
those results in serial products. Based on the project results Infineon Technologies will
develop new improved photovoltaic power modules for different applications within the frame
of subsequent product development. The markets to be addressed with devices containing
such power modules have a considerable volume estimating an increase in photovoltaic-
usage from 1% in Germany to perhaps 30% (even if the increase of the monetary volume will
be lower due to the simultaneous and necessary cost degression). Same applies to the
largely undeveloped global markets.

Regarding IGBT-Modules Infineon is no. 2 after Mitsubishi. Power semiconductors from
Infineon have been established as industrial standard worldwide and are being offered
equivalently by competitors. Infineon is world market leader regarding semiconductor power
elements with a market share of 11% and achieves a worldwide turnover of 930 Mio. Eur.
With the current IGBT-Power Modules Infineon generates a turnover of 330 Mio. Eur per
year. In the segment of IGBT-Power Modules we are expecting a market share of
approximately 34,5%. (Source: IMS research Power Semiconductor Discretes&Modules
2010 Preliminary Market Share).

In the long run, the market grows by double-digit percentage. Due to project results in
energy efficiency and energy savings, the essential market driver, Infineon is expecting a
strengthening of its market position to reach No. 1 also in the Power Modules market.
Supplied by application engineers, commercialization takes place worldwide through the
established sales channels.

The intended results will be the starting point for advanced industrial applications with
chances in worldwide applications. A special chance by usage of CPV solar systems will
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arise for countries with high solar radiation. These countries will have additional benefits of
independency and increased comfort for the citizens.

The foreseen increasing importance of the Photovoltaic require a consequently
technology improvement. The forecasted cost cut cannot be compensated only by a cost
reduction of the used components. This challenge can only be mastered by an overall
system optimisation.

New reliable and highly efficient components (IGBT and SiC-diodes) based on improved
converter topologies will be developed. By strengthening the European market position in the
photovoltaic segment the market position of all companies in the value chain will be improved
in the long run and will create a high number of new jobs in Europe (e.g. SMA produces a
great amount in Germany, Infineon produces its Power semiconductors and SiC
components in Austria and Germany and has its only power module manufacturing site in
Warstein, Germany; Telefunken has it's headquarter and semiconductor fab in Heilbronn,
Germany and a design centre in Hannover)

In view of the recent strategic change of NXP into High Performance Mixed Signal, the
topic of renewable energy has been given strategic priority. As a semiconductor company we
recognise the massive impact appropriately designed semiconductor solutions can have.
Through participation in this project, NXP hopes to accelerate its innovation towards power
management and control solutions for panel based optimisations. More specific, NXP aims
firstly to enter the market with local MPPT control products.

Infineon (IFAG) is established at the market not only as semiconductor manufacturer of
power electronic components but also as manufacturer of power modules.

Likewise Infineon is world market leader with system and semiconductor solutions for
applications of automobiles.

Infineon is worldwide number 1 in Power electronics, numberl in components for
automotive electronics and number 2 as manufacturer of power modules.

The research project strengthens with it directly (depending upon project result) the
packaging competence centre in Regensburg and the Infineon manufacturing location for
power modules in Warstein.

Infineon expects by the project results a strengthening and a further improvement of its
world-wide top positions in the segments automobile and power electronics. The project
results of highly efficient components and modules for solar converters will be strengthening
this highly innovative and strongly increasing business segment significantly.

Thus arises, world-wide, a "totally available market" (TAM) from far over 1 billion €
starting from 2020, with a semiconductor portion of more than 500 millions € per year. The
project results will crucially contribute to it to open for Infineon a significant portion of this
market.

For ON Semiconductor (ONSEMI-B) it is of strategic importance to establish ON Semi
as a significant solution provider for Smart Power applications. In this program, ON Semi
aims to strengthen its commercial position by the development of a more competitive and
more robust high voltage power MOSFET. This will increase the use of ON Semi MOSFETSs
in applications where ON Semi ASICs or ASSPs are used. The new developed module will
increase the share at existing customers and gain traction at new customers. The new
module based on split gate, will allow enlarging the portfolio in the future to lower and higher
voltage power MOSFETs segments. In 2008, ON Semi has 2.1% market share of the
Medium Voltage TAM (40—400V). It's the aim to double this figure in a market segment that
is doubling within 5 years.

As a large company operating in the cSi solar field, AMAT ITALIA, leader in the
equipments for screen printing, test and sort, handling equipments, and laser for the
photovoltaics industry, will exploit the results from the ERG project (in particular, the handling
capability for ultra thin wafers, the automated back contact cell processing line, and the
DSSC cell line) as will be stated in the ERG exploitation plan. As a consequence, AMAT
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ITALIA will be able to better serve the constantly evolving market of c-Si PV cells, with
particular emphasis on more advance and performing technologies.

By the close cooperation of industrial partners along the value chain the market
entrance will be faster and the market share will increase. A faster market entrance (time to
market) results in this fast moving power component/module market in additional market
shares up to 40%. The project addresses a system market of roughly 1 billion € and a
component market of more than 60 million € /year

Scientific and technical prospects of success

For the research partners, the most important exploitable project outcome is
knowledge. Such knowledge will be exploited internally by training personnel and students,
and externally to promote the Partners’ reputation and standing. In an increasingly
competitive international environment both of these aspects are highly important to secure
the institutes’ existence as drivers of Europe’s high-tech industry. Both imply a dissemination
of the generated knowledge. In the form of intellectual property, this knowledge will have a
commercial implication: The research Partners will consider exploiting it indirectly by making
agreements for its usage through third parties — preferably by Partners of this Consortium.

The exploitation will not start before the end of the project. However, the ERG
Consortium will already act during the project lifetime to plan and prepare for this phase. An
important and proven means for the preparation of the exploitation are demonstrations at
customers’ sites and at industry relevant trade shows, such as the design automation
conference. Such demonstrations help to validate the market, detail the requirements and
stimulate the interest.

Dissemination plays an important, albeit less directly revenue-related role for the
Consortium: First and foremost, it generates visibility and underlines the Partners’ expertise
in the area, thus promoting their standing. Furthermore, this also fuels interest in the topic as
such. Last, but not least, dissemination helps to drive the convergence of the technical state-
of-the-art. This, in turn, is a mandatory pre-requisite for a commercially exploitable market.
All Partners will work towards dissemination by publications in international, refereed journals
and at targeted conferences, Partners will use their links to industrial and academic
institutions to get an up-to-date and complete picture about overall market needs and
potential of each of the achieved results. Key strategic contributions will be evaluated for
patenting.

Referring to the subproject "Efficient photo voltaic inverters” and the development
approach especially traced by Infineon Technologies together with TU-Chemnitz and
SMA, scientific and technical prospects of success are being rated very high regarding the
technical functionality of the prototypes and methods striven for as well as the intended
increase in knowledge due to the consortium covering all necessary branches and
competences and the long competence of the partners.

The expected improved efficiency due to quick switching photovoltaic power modules
with SiC diodes is going to allow higher utilization and offers potential for cost degression of
power modules. Any risks are seen in the range of cost targets followed by this approach. It
is a clear goal of the project to find answers to the cost questions and to evaluate the gained
new module characteristics. Besides there is expected a significant increase in knowledge
and understanding (referring to the special development approach and related issues) which
will be spread through technical publications or will be entering research activities of TU
Chemnitz.

As a private-non profit Technological Centre, LEITAT has already been working in
innovative solar cells development and in energy management systems. The implementation
of ERG project will widely increase the knowledge of LEITAT in these fields, in particularly in
the Smart Systems Unit and the Renewable Energies Unit. ERG project will help LEITAT to
position itself as a reference in testing and integration photovoltaic modules. Furthermore,
exploitation routes related with technological transfer activities in different sectors directly to
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industry partners is envisaged. LEITAT has a team dedicated to provide services related with
technologies valorisation that will explore all the possibilities for the Centre to take advantage
of the developments performed in the project.

Exploitations for IUNET imply the inclusion of the main concepts, objectives and results
of the project in the content of a tutorial session at the end of the activity. The tutorial will
focus on:

e novel solar cell architectures: introduction to photovoltaic energy conversion theory,
loss mechanisms, light trapping strategies, state of art of solar cells, advanced
architectures for high-efficiency energy conversion (back contact type, EWT, MWT,
PERL), wide band-gap devices, hetero-junctions and dye sensitized solar cells.

o fabrication techniques: introduction to laser assisted doping and metalization, screen
printing, low-breakage handling techniques

e device characterization, metrology, testing, reliability: description of experimental
characterization methodologies aimed to evaluate the performance and the long-
term reliability of the fabricated solar cells

e introduction to energy harvesting systems and circuits

e power conversion systems: DC-DC circuits, maximum power point tracker (MPPT)
systems, energy management in the context of distributed generation

The main exploitations for ELETTRA at the end of the activity are the scientific
knowledge and the possible tutorials for student and researchers on novel solar cells, from
materials to energy conversion, the improved understanding of DSSCs and of their working
parameters and fabrication methods. Moreover, Ph. D students will be trained in this activity
and will be ready for a possible new job in related European industries or for a scientific
career starting from the state of art knowledge on solar cells.

Fraunhofer wants to enlarge and strengthen its knowhow and IP-portfolio by means of
this project in the field power management and —regulation and communications. It has
experience in designing integrated circuits and systems for decades. Additionally there is the
intention to develop the field of maximum power point trackers for high power applications.
Research activities in the field of communication systems shall be extended for the
application in power modules and electric power supplies. Because of the comprehensive
preliminary work of the Fraunhofer IIS on these fields, the scientific prospects of success are
outstanding.

The utilization of the results as support for industrial partners in further projects can be
foreseen. Of course, additional work is still necessary for a commercial exploitation. For the
arranged research topics a knowledge transfer from research to industry is secured. Mainly
due to the combination of know-how on the fields of communication, power management,
abstracting power efficient circuits and high voltage-circuit design, a multitude of future
activities can be expected. Part of the required competence development therefore is
supposed to occur within the submitted project.

Finally, all academies and research centres consider having an increased scientific
reputation in this field at the end of the ERG project and part of the project results will be
used to enhance its teaching performance in the university. In fact, the obtained outcomes
are supposed to aid the European economy in continuative research and development
projects and common projects with the industry. It is supposed to put the industry in the
position to keep its international competitiveness and to even strengthen it. Accordingly, the
Academies and Research Centres will try to transfer the emerging technologies in the
industry as far as possible

The large partnership promoted by the Project, will allow some academies located in
less favoured regions to reinforce links with industrial partners, of paramount importance for
the bidirectional exchange of knowledge, skills and competences.

UNICAL will be able to use ERG experience for training engineers and researchers
through education programs in the specific fields.
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Scientific and economical connectivity

The essential result of this project is the realization of the feasibility of special, new
technical approaches for the development of improved photovoltaic power modules. As
described, on basis of this new gained knowledge new products shall be developed and
being brought to market.

As the involved manufacturers are anchored on the relevant markets very well,
prospects are very positive regarding both the necessary product developments following the
project and the marketing of new products.

7.3 Contribution to standards and regulations

The fact the ERG consortium has build the full Energy supply chain puts the same in the
position to significantly define the standards that shall drive the growing markets and
industrial developments. Thus, in this section we believe it is worth to mention at least a
couple of important standardization panels that are matching with the broad scope of the
project. Such standardization initiatives are clearly setting the stage for a main industrial
stream in their respective markets, as they are embraced by some major international
standardization bodies.

A first initiative regards the development of a new standard about interconnection of
distributed generation with Power Grids in order to enable the reactive power injection from
PV generators. Although not permitted by actual standards, PV inverters may provide the
necessary reactive power injection or consumption to maintain voltage regulation under
difficult transient conditions. As side benefit, the control of reactive power injection at each
PV inverter will provide the optimization of the performance for distribution utilities, e.g. by
minimizing thermal losses. Moreover, by properly setting the active and reactive power
values, the maximum active power that can be injected in each point of the Power Grid,
considering the voltage limits, can be significantly increased.

Another initiative will regards the communication standards for equipment used in
renewable energy systems. As a matter of facts, to accelerate the renewable energy
diffusion it is important to create a common language that all renewable energy component
manufacturers should adopt in order to enable interoperability amongst all compliant
technologies. The main goal consists in removing the barriers that currently prevent the
industry from being able to integrate distributed photovoltaic power generation systems cost-
effectively and on a large-scale basis. Such issue will regard the definition of an open
communication standard for interconnecting all apparatus in a network in order to supervise
and manage all system functions.

As a final example of the competence of the consortium in the standardization field, is
worth to say that ST is member of several national and international committees and working
group, such as IEEE P1901.2 which is the working group on Smart Grid.

7.4 Management of Intellectual Property

IPR Management will rely on the detailed definitions of the Consortium Agreement
(EPCA), which will be legally signed among all the parties by the start time of the contract
grant. The purpose of this Consortium Agreement is to specify with respect to the project the
relationship among the Parties, in particular concerning the organization of the work between
the Parties, the management of the Project and the rights and obligations of the Parties
concerning inter alia liability, access rights and dispute resolution.

Within the project, some confidential commercial information will be handled between
partners, the conditions of how such exchange will take place will be defined in the CA. ERG
will aim at a strategy for the management of knowledge and IPR, such a strategy is intended
to be open between the partners, yet it will ensure that commercially relevant information will
remain within the project and the respective owner(s). This implies that each dissemination
or project output will have to be authorized on behalf of the partners. Any public output will be
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classified as official deliverable of the project and, as such, will be subject to evaluation of its
exploitation potential.

In addition, the parties in the EPCA may decide to identify the background of subject
matters to which they are willing to grant access rights to a specific partner, subject to the
provisions of the Consortium Agreement and the Grant Agreement. The detailed terms,
responsibilities and rights of the partners in terms of IPR management will be defined in the
Consortium Agreement as well.

Appropriate means and tools for knowledge management and IP protection will be
formulated and adopted by the partners and the Consortium, specifically around issues of
protecting and/or sharing IP in ways that create incentives for all partners in the
collaboration. In the framework of the ERG project, the IPR-related activities will span all
kinds of “knowledge and invention protection” and intellectual property rights management,
the objective being to enhance the exploitation of the existing and newly generated
intellectual property. This will be achieved through two avenues. First, by undertaking actions
that will enable the creation of a project-level IPR management strategy, which will leverage
the experience and competence which is available from the individual partners, to develop a
truly European dimension. Second, by implementing specific actions aimed at developing
new models for IPR management and use.
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8 QUALITY OF CONSORTIUM AND MANAGEMENT

8.1 Management structure and procedures

The management approach for the ERG project builds upon the structures and
procedures of former FP6/FP7 IP projects (e.g., “CLEAN’, “THERMINATOR’,
“NANOCMOS”, “PullNANO”, “COMSON”) and ENIAC projects (e.g. Call 1 “MODERN” and
Call 2 “END”, “CSI”, “LASTPOWER”) that are of a similar size and complexity. The
management structures of such projects have proven to be adequate, efficient and able to
quickly respond to any changes and threats to the project. As such, they will be applied to
the ERG project as well.

The project management will consist of the following structures and functions, whose
interaction is shown in the figure below.

Project Coordination Committee National
(PCC) Coordination
Authority to decide on all project-related issues Committee (NCC)
National Project
All the partners represented Coordinators (NPCs)
Chaired by the General Project Coordinator pa- Natl0n§|
Authorities
Project Technical Committee Coordinator
(PTC) General Project Coordinator
Authority to decide on technical issues in line with (GPC) Ju
the guidelines given by the PCC .
Project Manager
All the partners represented (PM)
Chaired by the General Project Coordinator Project Office
(PO)
WP1 Leader| (WP2 Leader| =*=** WPn Leader
4 )
WP1 wp2 |7 WPRN
[ T Leaders | | | [ T Leaders | [ T Leaders |
L 3 L3 A A A L N 3 L3
[ | | 11 ] [ | |
vy v YYVYVY \ v
Tasks Tasks Tasks
T1x, T1ly, ... T2.x, T2y, ... Tn.x, Tnyy, ...

ERG project management structure.

e General Project Coordinator (GPC)

e Project Coordination Committee (PCC)
e Project Technical Committee (PTC)

e Project Manager (PM)

e Exploitation Manager (EM)

e Work-Package Leaders (WPLs)

e Task Leaders (TLs)

e Project Office (PO)

e National Coordination Committee (NCC)
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¢ National Project Coordinators (NPCs)

The project is coordinated by the General Project Coordinator (GPC). The Project
Coordination Committee (PCC) includes the GPC, the Project Manager (PM) and the Project
Office (PO). The PCC nominates the Exploitation Manager (EM) and decides on all
organizational project-related issues, whereas the Project Technical Committee (PTC)
decides on all technical project-related issues. Both will be assisted by the PO, which is
located at the GPC site. Each project work-package will be coordinated by the corresponding
Work-Package Leader (WPL). Each project Task will be coordinated by the corresponding
Task Leader (TL). The GPC is the main interface to the JU. The liaison of the GPC to the
National Authorities is provided by the National Coordination Committee (NCC), which is
composed of the National Project Coordinators (NPCs).

8.1.1 General Project Coordinator (GPC)

The project will be coordinated by the General Project Coordinator, who will be properly
assisted by the Project Office. The GPC is responsible for the following tasks:

¢ Interfacing to the JU and the NCC

e Distribution of the funding

e Preparation of Reviews and Project meetings (PCC, PTC)

e Chairing of PCC and PTC

¢ Negotiation on contract, budget, Consortium Agreement, LOI

e Management of the Consortium in the wide sense on a continuous basis

8.1.2 Project Coordination Committee (PCC)

The PCC is composed of one representative for each partner in the Consortium, plus the
GPC, the PM, the WPM2 leader and the EM. The representatives will have the authority to
make decisions on behalf of his or her organization in terms of overall strategy and resources
allocated to the project. The GPC will chair the PCC. The PCC is responsible for the overall
direction of the project and has a final decision authority. The PCC will meet at least 3 times
per year and more often as required for administrative and scientific management. The
decisions will be taken by consensus or by simple majority in the case where consensus is
not possible. Changes to the work-plan will require consensus or a double majority. Each
member of the PCC, except PM, WPM2 leaders and EM, will have one vote. The General
Project Coordinator will resolve any tie in the vote. The voting procedure as well as the
responsibilities of the PCC will be laid down in the Consortium Agreement (EPCA). The main
responsibilities are summarized as:

The daily management of the project.

o Deciding on adaptations of the work-plan

e Agreeing on the (re) allocation of the project’s budget

e Making proposals for reviewing/amending the contract, if the case
e Taking measures to cope with defaulting partners

¢ Maintaining the Consortium Agreement

e Appointing the Exploitation Manager

8.1.3 Project Technical Committee (PTC)

The PTC is composed of the WP Leaders and, since all partners in the Consortium shall
be represented in the PTC, (co-opted) partner representatives, plus the GPC, the PM and
the EM. Members of the PTC differ from the PCC for their scientific and technical focus. The
representative in the PTC shall be able to make decisions as to the particular technical
interests and how to use the resources allocated to achieve the project’'s goals. The
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members of the PTC will be appointed by each of the prime partners. The GPC will chair the
PTC. The PTC is responsible for the monitoring of the project progress and the preparation,
review and updating of the detailed work-plan. The decisions will be taken by consensus or
by a double majority in the case where consensus is not possible. Each member of the PTC
will have one vote, except the PM and EM, unless they are delegated by any other member.
Changes to the work-plan will require consensus or a double majority. The PTC will meet
every 3 months. Meetings will be generally held by telephone conference. The voting
procedure as well as the responsibilities of the PTC will be laid down in the Consortium
Agreement (EPCA). The main responsibilities are summarized as:

e Coordinating the overall technical work on a continuous basis
e Coordinate the interaction and collaboration across Activities

e Proposing to the PCC budget (re)allocation and work-plan adaptation, when and if
needed.

8.1.4 Project Manager (PM)

The Project Manager (PM) is appointed by the Coordinator. He/she is the head of the
Project Office and he/she is in charge of the daily management of the project. The technical
management of the project remains in the WPM2 leader.

8.1.5 Exploitation Manager (EM)

The Exploitation Manager (EM) will be responsible for the day-by-day management of
the project exploitation activities. He will be in charge of the coordination of the exploitation
actions for the THERMINATOR Consortium as a whole. The Exploitation Manager is a voting
member of PCC and PTC, and is appointed by the PCC.

8.1.6 WP Leader (WPL) and Task Leader (TL)
The main responsibilities of the Work Package Leaders are summarized as:
e Co-ordinate the work in the WP
e Ensure a close communication among the participants
e Convene WP internal meetings
e Ensure the on-time availability of WP deliverables
e Participate to the meetings of the PTC
e Report progress and deviations from the work-plan to the GPC and the PTC
WP Leaders are assisted by Task Leaders, whose mission is to:
¢ Organize the technical exchanges between the partners contributing to the Task
o Check the progress and on-time delivery of the Deliverables of the Task
Report to the Work Package leader, who will be coordinating all Tasks of his WP.

8.1.7 Project Office (PO)

Administrative management is the prime responsibility of the Project Office, assisted by
an administrator and secretary from the coordinators staff. The Project Office is located at
the Coordinator’s site. The main responsibilities of the Project Office are:

e Organizing meetings of members of the Consortium

e Taking care of payment’s delivery to the partners

e Collecting documentation, for the monitoring of the activities within the WPs
e Controlling the financial reports from the individual groups

e Collecting deliverables for submission to the JU
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e Preparing a detailed list of deliverables, partner contact information, preparing and
updating of the project calendar, establishing mailing lists

8.1.8 National Project Coordinators (NPCs)

The partners of each country represented in the project nominate among, them one,
representative as their National Project Coordinator (NPC). The NPCs are appointed for the
whole duration of the project and are responsible for coordinating the administrative actions
internally to the national partnership of concern and to act as the interface towards the
corresponding Public Authorities.

8.1.9 National Coordination Committee (NCC)

The NCC consists of all the National Project Coordinators; it is in charge of interfacing
with the National Authorities for tasks such as budget negotiations and contract issues, as
well as with the JU. In particular, the NCC coordinates activities related to EU and/or country
policies and rules. The formal delegate acts as information, communication and coordination
channel for all partners in his/her country. He/she ensures that all partners follow both the EU
and country specific rules and requests about the project.

8.1.10 Management of pre-existing know-how, knowledge and IP protection

The project does provide means and tools for knowledge management and IP
protection. Section 4.4 focuses specifically on the issue of protecting and/or sharing
background and foreground intellectual property in an appropriate manner. In this respect, a
key role will be played by the Exploitation Manager, whose function is that of coordinating
and supervising the set-up of the measures and procedures for effectively handling IPR.

8.1.11 Decision process and conflict resolution

Mandatory decision rules and agreements are necessary for the success of the project.
The decision making process will follow the policy to reach agreement as close as possible
to the level of execution. Only if agreement will not be reached on a given level, the decision
will be escalated to the next appropriate level.

Decision scope at the Task level: All partners being involved in a given Task are eligible
to contribute to a decision regarding that Task. In case a capable decision cannot be taken at
this level, the issue has to be forwarded to the WP Leader.

Decision scope at the WP level: All partners being involved in a WP are eligible to
contribute to a decision with regards to this WP. In case a capable decision cannot be taken
at this level, the issue has to be forwarded to the GPC.

Decision scope of the PTC level: The Project Coordination Committee is responsible for
technical assessment of each deliverable and for taking decisions regarding the action plans.

The supreme decision committee is the PCC.
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8.2 Individual partners

1. STMicroelectronics (ST)S
Organisation profile

STMicroelectronics is a global independent semiconductor company, world leader in
developing and delivering semiconductor solutions across the spectrum of microelectronics
applications.

ST is the world’s fifth largest semiconductor company with net revenues of US$8.51
billion in 2009. According to the latest industry data from iSupply, ST holds market leadership
in many fields. The Company is the leading producer of application-specific analog chips and
power conversion devices. It is the #1 supplier of semiconductors for the Industrial market,
set-top box applications, and MEMS (micro-electromechanical systems) chips for portable
and consumer devices, including game controllers and smart phones. ST also occupies
leading positions in fields as varied as automotive integrated circuits (#3), chips for computer
peripherals (#3), and the rapidly expanding market for MEMS overall (#5).

Product Portfolio

ST aims to be the leader in multimedia convergence and power applications, offering
one of the world’s broadest product portfolios, including application-specific products
containing large proprietary IP (Intellectual Property) content and multi-segment products
that range from discrete devices to high-performance microcontrollers, secure smart card
chips and MEMS devices. The Company provides solutions for a wide array of Digital
Consumer applications, with a particular focus on set-top boxes, digital TVs and digital audio,
including radio. In the Computer Peripherals arena, ST provides leading solutions in data
storage, printing, visual display units, power management for PC motherboards, and power
supplies. A wide range of ST's ASSPs (Application Specific Standard Products) power
sophisticated Automotive systems such as engine control, vehicle safety equipment, door
modules, and in-car infotainment The Company also supplies industrial integrated circuits
(IC) for factory automation systems, chips for lighting, battery chargers and power supplies,
as well as chips for advanced Secure Access applications. ST pioneered and continues to
refine the use of platform-based design methodologies for complex ICs in demanding
applications such as mobile multimedia, set-top boxes and computer peripherals.

Research & Development and Manufacturing

Since its creation, ST has maintained an unwavering commitment to R&D and is one of
the industry’s most innovative companies. ST is a partner in the IBM consortium for the
development of next-generation CMOS process technologies, including 32nm and 22nm,
adapted to the manufacturing of 300mm silicon wafers in Crolles (F). In 2009 ST spent
US$2.37B in R&D, which is approximately 28% of the Company’s total revenue. ST has
established a worldwide network of strategic alliances, including product development with
key customers, technology development with customers and other semiconductor
manufacturers, and equipment- and CAD-development alliances with major suppliers. These
industrial partnerships are complemented by a wide range of research programs carried out
with leading universities and research institutes around the world, in addition to playing a key
role in Europe’s advanced technology research programs such as EUREKA (cluster
CATRENE), FP7, JTI's such as ENIAC (European Nanoelectronics Initiative Advisory
Council) and ARTEMIS (Advanced Research & Technology for Embedded Intelligence and
Systems), and some of the major European Technology Platforms (ETP), like EPOSS (on
micro-nano systems) and NEM (Network Electronics Multimedia).

At the regional level, STMicroelectronics is participating, or has been in the past, to the
following European projects relevant to ERG: FP7 THERMINATOR: FP5 EASY;PERLA,
FP6:CLEAN;MORPHEUS; SYMTECO (Marie Curie); COMSON (Marie Curie), ENIAC
MODERN; END; LASTPOWER.
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Main role in the project

Within the scientific scope of ERG, ST is participating with 3 teams: R&D group for solar
cell activity in WP1 and Project Management in WPM1 and WPM2, and Systems Lab and
Photovoltaics BU for distributed photovoltaic architectures in WP2. Each group has strong
experience in the related sector of activity, spanning from semiconductor technologies to
innovative materials and from analog and digital ICs to complex power electronics systems.

Key Staff Members Profile

Francesco Gennaro graduated cum Laude in 1996 at the University of Catania in
Electrical Engineering and pursued the Ph.D. in Electrical Engineering in 2000 at the same
University. Currently he is Team Manager of “Power Converters” inside Systems Lab, the
Application Laboratory for Industrial and Multisegment, Sector developing system solutions in
several application fields of power electronics and energy management.

Marina Foti obtained the Degree in Physics (1997) at the University of Catania (ltaly)
and she joined ST Microelectronics in 1998. She worked in Central R&D Group as Process
Engineer on process development for Flash Memory technology node from 0.35 ym to 90 nm
in Catania, Agrate and Singapore ST Sites; she coordinated defectivity reduction and yield
enhancement activity for 90 and 65 nm technology in Crolles2 Alliance 12” Fab. Since 2008,
she has been working on Photovoltaic as Technology Development Project Leader inside
IMS (Industrial & Multisegment Sector) R&D organization in Catania.

Giuliana Gangemi graduated cum Laude in 1992 at Catania’s University in Applied
Mathematics and, during the same year, joined STMicroelectronics as EDA engineer in a
digital design team, whose projects were large 32bits SoCs and where she ended up having
the responsibility of CAD Support and Development Manager. Since June 2007 Giuliana has
joined the IMS CAD and Design Services Department in order to manage The Transfer of
Knowledge and Research.

Salvatore Rinaudo, Director of CAD & Design Services Department of Industrial and
Multisegment Sector of STMicroelectronics. He received the Laurea degree in nuclear
engineering from the University of Palermo, Palermo, ltaly, in 1989. He was involved in
numerical simulation of semiconductor devices with emphasis on optimization and parameter
extraction techniques for process and device design. Since 1991, he has been with
STMicroelectronics, Catania, Italy. Since 2000, he has been responsible of Design Methods
Developments covering also Process, Device and Physical Modelling across technologies,
designs and Data management, Design Services and Knowledge Management.

Tiziana Signorelli graduated cum Laude in 1998 at the University of Catania in
Informatics Engineering, joined STMicroelectronics during the same year. Currently she is
Design Architecture Project Manager inside the Photovoltaic Business Unit of Industrial and
Power Conversion Division of STMicroelectronics, providing architecture definition of new
ICs for Photovoltaic application field.

Roberto Zafalon, EU Projects Director - Italy, is in charge to foster and leverage the link
between ST technology groups and the R&D cooperative EU programs. Until June 2007 he
has been the head of the Competence Center for Low Power System Design at the
Advanced System Technology R&D group in STMicroelectronics, Agrate Brianza (Milano),
Italy. In his current capacity since July 2007, he elaborates the vision and roadmap, seeks for
project financing and drives industrial R&D teams to pursue innovative solutions in the field
of embedded systems and nanolectronics, for corporate product divisions and labs. He is an
active member of ARTEMIS’s and ENIAC’s WG’s and he currently is, and has been in the
past, General Project Manager and Coordinator of major Integrated Projects under FP6, FP6
and JTI 2nd call. He contributed to over 66 international scientific publications so far,
including conferences, Journals/Transactions, invited papers and books. He holds 8
international patents, four European, three USA and one Japanese, in the field of low power
design, processors and computing architectures. He has been elected Senior Member IEEE
in 2006.
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2. Applied Materials Italia (AMAT ITALIA)
Organisation Profile

Applied Materials Italia was founded in 1967 as Baccini SpA, and in 1972 developed its
first screen printing machine for microelectronics, most likely the very first in Europe at the
time. In 2008 Baccini SpA has been acquired by Applied Materials and is now Applied
Materials Italia Srl. It is the world leader in equipments for screen printing, handling
equipments, and laser for the photovoltaics industry. The know-how of Applied Materials
Italia is protected by many registered, filed or under filing patents, thanks to a great R&D
effort carried out both internally (by using AMAT R&D workforce and network) and externally,
in collaboration with R&D institutions around the world and with its customers.

Applied Materials Italia expertise in the crystalline silicon solar cell field ranges from to
screen printing (where it is by far the worldwide market leader) to laser processes and
systems, to test and sort equipment.

Key competences are: design and manufacturing of advanced automation systems,
laser platforms, screen printers, advanced metallization processes, test and sort equipments,
for the cSi solar industry.

Facilities provided are: state-of-the art laboratory focussed on advanced metallization
of solar cells; production plants; design and test facilities.

In order to proactively comply with increasing requests for high precision, versatility, and
reliability, in the last years AMAT Italia has reinforced its existing automation and advanced
equipment design team, and created a new process development team. The close
collaboration between these teams and the constant attention to customers’ request is not
only the foundation for future growth, but also the technical resources that AMAT Italia will
provide to the project.

Particularly, the Automation and advanced equipment design team, constituted of
more than 20 resources, deals with automation systems design, High Level and Low Level
SW design, assisted mechanics and electronics; while the Process development team, with
6 resources (and growing), deals with the enhancement, optimisation and re-design of
processes through optimisation of the machines functional parameters.

Main Role in the Project

The Consortium will focus its activity on the development of novel strategies to increase
efficiency and cost / efficiency figures of PV cells, with particular emphasis to the case of
cells for concentration systems and of back contact crystalline cells. In accordance to this,
AMAT will investigate the development of new equipments and/or the adaptation of existing
equipments for the fabrication of this type of devices.

In particular, the aspects to be investigated will be the study on automated or semi-
automated production lines suitable for back-contact cell production. Although the world
record efficiency for crystalline silicon (c-Si) solar cell has been obtained with a front contact
cell (Passivated Emitter Rear Local diffused, or PERL, cell), the back contact approach is
widely seen as the way to achieve very high efficiency without incurring in too high cost.
Hence, several alternatives are available at the lab scale to design and realize back contact
cells, including several flavours of Interdigitated Back Contact, Metal Wrap Through, Emitter
Wrap Through processes. While of these the first is the only one in mass production (by
Sunpower), many manufacturers are looking at one or more of these approaches for their
high efficiency roadmap. However the road to manufacture back contact cells with standard
equipments and low cost is very difficult, and includes challenges such as the low-breakage
handling (especially in case of cells, such as emitter wrap through and metal wrap through,
featuring several or many laser-drilled holes), screen printing of materials other than
standard metal pastes (such as inks, dopant sources, or mask layers), screen printing in the
presence of holes, dedicated inline metrology systems and techniques (including for example
microcracks, lifetime, print quality, efficiency measurement, and so on). All these aspects will
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be taken into account to design an automated or semi-automated line for metallization and
back-end processing of back contact cells.

Partly in parallel and partly by transferring the experience accumulated, AMAT will study
the feasibility of automated lines for mass production of concentration PV cells. In this case
the challenges are different and are linked to the reduced dimension of the cells, but with
several points of contacts, including the improved resolution of laser scribing tools, novel non
conventional Si doping techniques, and dedicated cell metrology tools.

Key Staff Members’ Profiles

Giorgio Cellere is Responsible for Research and Innovation in AMAT. He received PhD
in Electronic and Telecommunication Engineering from the University of Padua and carried
out a post-doc position working on reliability issues of microelectronic devices, in particular
for space and biological applications. Prior to joining Applied Materials, he was founder in
2004 of the Biosilab company, and he developed and managed a number of scientific
collaborations, both national and international. He is official reviewer for international
scientific journals, and member of the scientific committee for international conferences
(IEEE-ICICDT, IEEE-NSREC, RADECS). He is author of more than 100 scientific
publications and patens, and received several scientific awards.

Tommaso Vercesi is Advanced automation manager in AMAT. Expert of Industrial
informatics, he has a thorough experience in motion control and automation and is managing
the automation team in the R&I dept. in AMAT.

Marco Gagliazzo is process manager in the R&D group at AMAT. He received a master
in Applied Optics from the University of Padua. His scientific-technical experience focuses on
the fields of advanced optics, laser and photovoltaics, with particular attention to the
application of hanotechnologies and organic chemistry.
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3. Compel Electronics s.p.a. (COMPEL)
Organisation profile

The foundations of Compel were laid in 1972 when a private group of investors
established Compel Electronics in Cornate D’Adda, Italy. The company began its activity in
developing and manufacturing multipin and coaxial connectors for the Telecommunication
industry.

Compel Electronics is a private company with broad competencies in interconnection
systems, from a simple connector to the most complex assembled rack for mobile radio base
station.

In the course of the years, Compel enriched its competencies in different applications
mainly related to telecom infrastructure: FTTx, switching, routing, media converters,
antennas, cabinets; both copper and fiber optic.

At the same time Compel diversified its activities in different market segments:
communication, networking, data equipment, broadcast, defense, transportation and last but
not least photovoltaic. This one represents nowadays a strong challenge in the promising
sector of renewable energies, where Compel is continuously present developing and
manufacturing complete families of connectors / adapters as well as a wide range of Junction
Boxes for the Photovoltaic Panels.

Compel has the privilege to serve the major companies in the communication and
energy sectors.

Main role in the project

One of the main tasks of the ERG project will consist in increasing the efficiency of the
distribution of power outgoing from the Photovoltaic Panels (PVs). Compel Electronics S.p.A.
will be involved in the design of an innovative Junction Box for advanced photovoltaic
modules, increasing the efficiency of its internal connections due to the reduced contact
resistance and consequently the reduced power loss.

The new Junction Box will host the electronics for MPPT tracking, improving the power
efficiency of each PV panel or its subassemblies using smart functions of power
management. The power dissipation of the electronic components will be optimized in
compliance with the safety requirements of the photovoltaic environment with the aim to
improve the power distribution.

The design of the new Junction Box will also pay great attention to achieve reduced
dimensions as well as optimized solutions in order to contribute to save costs of the system.
This will be obtained through innovative design concepts and state-of-the-art materials,
which also will allow the new Junction Box to be processed in highly automated assembling
operations on the panels manufacturing lines.

Key Staff Members Profile

Maria Santina Marangon. She received the Laurea degree (summa cum laude) in
Physics from the University of Milan and joined the R&D of STMicroelectronics, Italy. Over 20
years, she gained a wide experience in materials and technology development for Non
Volatile Memories. She led several task forces to support the industrialization phase of new
processes. She started and managed the Advanced Metallization R&D section. As company
representative she was member in scientific committees (MAM). Besides, as Program
Manager, she was involved in many development projects with national and international
research institutions and industrial partnerships. She started and led development activities
for innovative materials & technologies for new NVM devices (Phase Change Memories,
based on chalcogenides). She joined Compel Electronics in 2008 as R&D & Process
Engineering Director. She is author or co-author of several papers, conference contributions
and international patents.
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Mirko Despini. Graduate in Electronics in 1995, he worked for seven years in the R&D
department of Alcatel to design and develop analog and digital electronic functions, both for
signal and power circuitry. He joined Compel Electronics in 2003 and carried out his activity
in the field of R&D interconnection systems. He is involved in many research projects for
innovative Interconnection solutions, at first for telecommunications and nowadays in the
field of renewable energies components. M.Despini is author of few patents.
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4, Consorzio Nazionale Interuniversitario per la Nanoelettronica (IUNET)
Organisation profile

The “Consorzio Nazionale Interuniversitario per la Nanoelettronica” (IUNET, Italian
Universities Nano- Electronics Team), is a non-profit, private Organization, aimed to lead and
coordinate the effort of the major Italian University Teams in the field of Silicon Based
Nanoelectronic Device Modeling and Characterization.

Current Members of IUNET are the Universities of Bologna, Calabria, Ferrara, Modena e
Reggio Emilia, Padova, Pisa, Roma “Sapienza”, Udine, and the Politecnico of Milano. They
offer reknown and complementary expertise in the field of modeling, simulation, design,
characterization of CMOS-based nanometer-size electronic devices and solar cells.

IUNET will contribute with the fabrication, characterization and modeling of advanced
ultra-thin solar cells, and with the development of strategies for efficient distributed power
generation and management.

Main role in the project (divided to the task involved)
IUNET will contribute to WP1, WP2 and WP4.

Within WP1, IUNET will develop, fabricate and characterize ultra-thin crystalline-silicon
solar cells.

IUNET will contribute to WP2 by developing advanced algorithms and circuits for
Maximum-Power-Tracking in photovoltaic conversion systems.

The issue of efficient power management in a distributed environment will be addressed
in the frame of WP4 by exploiting advanced wireless sensor networks.

Key Staff Members Profile

Claudio Fiegna received the Laurea and PhD Degrees in Electronics Engineering, both
from the University of Bologna, Italy. From July 1992 to July 1993 he worked at the "ULSI
Research Laboratories”, Toshiba Corporation, Kawasaki, Japan.

From 1994 to 1999 he was Research Associate and from 1999 to 2004 he was
Associate Professor with the University of Ferrara, Italy. He is now Full Professor of
Electronics at the second Faculty of Engineering of the University of Bologna, Italy , where
he coordinates the PhD course in “Information Technologies”. His main scientific interests
are about numerical device simulation and its application to the analysis of advanced logic,
memory and analog MOS device structures, and of silicon-based solar cells. Claudio Fiegna
served the Modeling and Simulation Technical Committee of the IEDM Conference and is
currently member of the Technical Committee of the ULIS (Ultimate Integration of Silicon)
Conference. He is member of the Committee for the IEEE Electron Device Society Education
Award.

Fabrizio Palma is Full Professor at the Rome University "La Sapienza" from November
the 1th 2000; he is in charge of the course of “Electronics I” and “Radio frequency
microelectronics system design” and "Laboratory of Electronics and Telecommunications".
He is President of the Didactic Area of Electronic Engineering of the Rome University La
Sapienza. Fabrizio Palma research activity concerned thin film electronic devices, in
particular amorphous silicon devices. The activity involved photovoltaic conversion systems
and light detectors: infrared sensors, ultraviolet sensors, and voltage tenable three color
sensor in the visible range. His activity also involved characterization of crystalline and
amorphous semiconductor, characterization of thin oxide layer for non-volatile semiconductor
memory, integrated optics and surface acoustic wave devices. Past research activity also
regarded the theory of phase noise in oscillator circuits and synthesized generators, the
architectures of radio receivers, with emphasis to the problematic of CMOS integration, low
voltage applications and mobile telephony. He is author of more than 120 international

87



Technical annex ERG

articles among magazines and congress reports. He also holds five international patents,
three on thin film detectors, and two on low noise oscillators.

Gaudenzio Meneghesso graduated in Electronics Engineering at the University of
Padova in 1992 working on the failure mechanism induced by hot-electrons in MESFETs and
HEMTSs and received the Italian Telecom award for his thesis work. In 1995 he was at the
University of Twente, The Netherland working on the dynamic behavior of protection
structures against ESD. In 1997 he received the Ph.D. degree in Electrical and
Telecommunication Engineering from the University of Padova working on hot-electron
characterization, effects and reliability of GaAs-based and InP-based HEMT's and
pseudomorphic HEMT's. Since 2002 is with University of Padova as Associate Professor. His
research interests are: i) Electrical characterization, modeling and reliability of microwave
and optoelectronic devices on compound semiconductors; ii) Electrical characterization,
modeling and reliability of RF-MEMS switches for reconfigurable antenna switches; iii) Study
of the sensitivity of Electronics devices to Electrostatic discharge and development of
suitable protection structures; and iv) Characterization and reliability of organic
semiconductors devices. Within these activities he published about 400 technical papers (of
which more than 50 Invited Papers and 6 best paper awards). He has been the General
Chair of three conferences: HETECH 2001, HETECH 2008 and WOCSDICE 2007; He has
been the Technical program Chair of WOCSDICE 2001, of the International Electrostatic
Discharge Workshop (IEW) 2010 and he is the TPC co-chair of ESREF 2010. He is in the
steering committee of several European conferences. He also served several years for the
IEEE-International Electron Device Meeting (IEDM). He is Associate Editor of the IEEE
Electron Device Letter for the compound semiconductor devices area since 2007.
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5. Politecnico di Torino (POLITO)
Organisation profile

Politecnico di Torino (POLITO), with over 27,000 students, is the second largest
technical university in Italy. The workforce dedicated to research and teaching includes
around 900 Professors, 700 PhD Students and 300 Research Assistants, covering all major
areas of the engineering and architecture disciplines.

POLITO participates to the ERG project through the EDA (Electronic Design Automa-
tion) group, which belongs to the Dipartimento di Automatica e Informatica. The group
consists of 2 Full Professors, 1 Associate Professor, 2 Assistant Professors, 2 Post-Doc
Researchers, 3 PhD Students and 10 Research Assistants. The research activities of the
group are focused on the development of methodologies, algorithms and tools for the
computer-aided design of power-efficient integrated circuits and systems. More specifically,
research topics which are currently under investigation include: Leakage-aware design
techniques, power and timing optimization under thermal and process variation constraints,
power-driven clock-tree synthesis, RTL power estimation and management, low-power
memory and bus interface synthesis, battery management, energy management systems
and architectures.

POLITO has successfully participated to several EU-funded projects in the domain of
microelectronics design, such as PEOPLE (FP4), POET, EASY, MARLOW and INTRALED
(FP5), CLEAN and MAP2 (FP6). Currently, POLITO is involved in the ENIAC Call 1
MODERN project, the ENIAC Call 2 END project and the ENIAC Call 2 CSI project. It is also
participating to the FP7 ICT THERMINATOR, COMPLEX and SEEMPUBS projects.

Main role in the project (divided to the task involved)

POLITO will contribute with smart energy management solutions for multi-supply
systems. Since a PV supply system is available intermittently, a sort of accumulation is
needed, usually through a rechargeable battery. Under some particular conditions (full
sunlight), however, it might be convenient to distribute the available energy to the load and to
the battery in a non obvious way. The conventional paradigm is to consider the PV cells as
the 'charger' element of the storage device: when light is available the battery is charged,
and the battery is viewed as the true "supply device".

The proposed approach corresponds to have a "peer” view of the two energy sources
(PV and battery) as supply devices: in practice, to map the As a matter of fact, there might be
periods of low irradiation in which the battery experiences low state-of-charge (SOC) periods
and in which the electrical load is attempted to be matched. A smart management system
would monitor the SOC and gradually reduce the energy taken from the battery (i.e., reduce
the load) to help prevent continuous operation at a low SOC, which deteriorate the lifetime of
the battery. Similarly, under condition of excess charge (low load periods in condition of high
irradiation), the management system could use the excess charge generated to directly
supply the load.

In order to evaluate such scheduling policies, a model of the power sources
characteristics (e.g., available charge, voltage, and SOC vs. load current) as well as the
typical load conditions (e.g., current profiles). Given those models, POLITO will develop a
software simulator that is able to evaluate various "load-driven" energy distribution policies
and

calculate the optimal one for the target load.

Key Staff Members Profile

Enrico Macii is a Full Professor of Computer Engineering at POLITO. His research
interests are in the design automation of digital circuits and systems, with particular
emphasis on low-power design aspects. In the field above, he has authored over 300
scientific publications. He is the Editor-in-Chief of the IEEE Transactions on CAD/ICAS for
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the term 2006-2009. He has been the Technical Program Chair and the General Chair of
several IEEE and ACM conferences (e.g., the ACM/IEEE International Symposium on Low
Power Electronics and Design, the IEEE PATMOS Workshop, the ACM/IEEE Great Lakes
Symposium on VLSI). He was the technical manager at POLI for several EU-funded projects
in the domain of microelectronics design, such as PEOPLE (FP4), POET, EASY and
MARLOW (FP5), CLEAN and MAP2 (FP7). He was also the General Project Coordinator for
project INTRALED (FP5). Enrico Macii was an Evaluator of proposals and a Reviewer of
projects in the context of the European Commission’s FP4 and FP5, and he was a member
of the Micro and Nanoelectronics Design consultation committee of the Nanoelectronics Unit
for European Commission’s FP6 and FP7. Enrico Macii is a Fellow of the IEEE.

Massimo Poncino, Full Professor, received his PhD degree from Politecnico di Torino
in 1993. His research interests are in the design automation of digital circuits and systems,
with particular emphasis on low-power systems and embedded systems. In the fields above,
he has co-authored over 200 scientific publications on peer-reviewed international journals
and conference proceedings. He is an Associate Editor of the IEEE Transactions on
CAD/ICAS since 2006. He has served on the Technical Program Committee of several CAD-
related conferences, including DATE, ISLPED, GLSVLSI and PATMOS. He was an
Evaluator of proposals in the context of European Commission’s FP5. Massimo Poncino is a
Member of the IEEE.

Alberto Macii, Associate professor received his PhD degree from Politecnico di Torino
in 2000. His research interests include several aspects of the computer-aided design of
nanoelectronic circuits and systems, with particular emphasis on low-power design aspects.
He has authored or coauthored over 130 scientific publications in the areas above, including
a scientific book on memory design techniques. He is Senior Member of the IEEE.
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6. Universita di Bologna (UNIBO)
Organisation profile

UNIBO, founded in 1088, is the oldest university in the western world, and one of the
largest in Italy (with more than 100,000 enrolled students). It is one of most active Italian
universities in research and technology transfer, and it is the top Italian University for 7th FP
funding and project participation.

UNIBO participates to the ERG project through ARCES (Advanced Research Center on
Electronic Systems for Information and Communication Technologies) group, which was
founded on 2001. The group consists of 10 Full Professors, 8 Associate Professors and 16
Research Assistant. Additionally there are 12 senior research fellows and 44 Ph.D. students
and junior research fellows.

ARCES main goals are:

1) to develop innovative electronic systems, ranging from integrated sensors to
micromechanical devices, from analog and digital signal processing architectures to
multimedia communication equipments;

2) to conduct research activities in the field of wireless communications;

3) to devise new solutions for their applications in the field of image processing, machine
vision, pattern recognition and pervasive computing;

4) to carry out the technology transfer of the more relevant research results to the
National and European Industry.

Main role in the project (divided to the task involved)

UNIBO will collaborate to tasks of

e WP2, mainly tasks T2.1: the activity will focus on the design and preliminary
demonstration of a distributed sensor and control system for sun light concentration.

e TM1.3: dissemination by developing a training course in the field of optical
concentration.

Key Staff Members Profile

Roberto Guerrieri, Full Professor, received Electrical Engineering degree and Ph.D.
from the University of Bologna where he is now Full Professor in Electrical Engineering.
From 1986 he has been visiting the Dept. of EECS at the University of California at Berkeley
and the Dept. of Electrical Engineering at the MIT in Boston. During his scientific activity he
has published more than 90 papers in various fields including numerical simulation of
semiconductor devices, numerical solution of Maxwell's equations, parallel computation on
massively parallel machines and reconfigurable architectures. In 1998 he became Director of
the Laboratory for Electronic Systems, a joint venture of the University of Bologna and ST
Microelectronics for the development of innovative designs of systems on chip. In 1992 he
has been awarded a Best Paper Award of the IEEE transactions on Semiconductor
manufacturing for his work in the area of process modeling, and in 2004 an “ISSCC Best
Paper Award” for his work on sensor system design.
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7. Universita della Calabria (UNICAL)
Organisation profile

UNICAL is a public institution established in the academic year 1972/73. It is located in
Arcavacata in Rende (Cosenza - ltaly). It is a medium size university with about 40.000
students. It has six Faculties and four Centres of Excellence and many advanced research
laboratories. The research groups of UNICAL involved in this project are the Evolutionary
Systems Group (ESG), within the Department of Mathematics, and the Microelectronics and
Microsystems Laboratory (MML), within the Department of Systems Engineering and
Electronics.

ESG (http://galileo.cincom.unical.it) is composed of approximately 25 people, among
scientists, associate researchers, fellows and Ph.D. students. ESG aims at promoting
scientific interchange and high formation in various fields related to Evolutionary Systems,
such as Dynamical Systems and Chaos, Evolutionary Robotics, and Industrial Mathematics,
using the modern technologies and the mathematical modeling approach. The research
activity on Industrial Mathematics is mainly devoted on the modeling of microelectronic and
nanoelectronic semiconductor devices, by means of macroscopic and kinetic models of
transport. ESG has promoted a Ph.D. curriculum in Science and Technologies of Complex
Systems, part of the Ph.D. School “Archimedes” in Science, Communication and
Technologies. ESG has coordinated and coordinates many nhational and international
Projects: MODERN (MOdeling and DEsign of Reliable, process variation-aware
Nanoelectronic devices, circuits and systems), ENIAC JU project; COMSON (Coupled
Multiscale Simulation and Optimization in Nanoelectronics), FP6 Marie Curie RTN project;
InterLink project on “Mathematical Models and Applications to Microelectronics”, MIUR
program to foster the internationalization of the universitary system, by promoting
international collaboration among universities; PRIN on “Mathematical Modelling of Natural
and Artificial Behaviour”, MIUR 2005-2006.

The Microelectronics and Microsystems Laboratory (MML) of the University of Calabria
(UNICAL) is involved in research on the main areas of Electronics: design of analog and
digital integrated circuits and systems, electrical and optical characterization of
semiconductor devices, design of electronic instrumentation, data acquisition and
elaboration. Its staff is composed of 7 Faculty members, 1 lab technician and 5 research
assistants. The R&D area spans over 2 floors and occupies a surface of 300m2, fully
equipped for the design of integrated circuits and electronic systems, electronic devices
characterization and electronic system testing. Besides academic research activity, the
laboratory provide scientific support for several private companies and numbers important
cooperation activities with international research centers as the University of Rochester, New
York, USA; University of Massachusetts, Lowell, USA; ldaho State University, Pocatello,
USA; IMEC, Leuven, Belgium; CNR- IMM; Universita "Mediterranea" di Reggio Calabria,
Universita di Bologna, Universita di Siena, Politecnico di Milano. The laboratory is equipped
with a broad series of advanced devices and tools for: design of analog and digital integrated
circuits and systems (5 Sun workstations; Cadence, Synopsys, Mentor Graphics, HSPICE
tools; access to fabrication faciliies for several technology process from
AustriaMicroSystems, STMicroelectronics, UMC), electrical characterization (probe station:
SUMMIT 11861B, Cascade with Temptronic thermal controller (-65 °C to 200 °C); parameter
analyzer: 4200-SCS, Keithley; LCR meter), data acquisition and elaboration (high-bandwidth
oscilloscope: Wavemaster 8300A, LeCroy; Vector Signal Generator 2.7 GHz: NI PXI-5670;
Vector Signal Analyzer 2.7 GHz: NI PXI-5660; Digital Waveform Generator/Analyzer 100
MHz: NI PXI-6552; 40 NI Multifunction Data Acquisition Boards; 12 NI FieldPoint Systems;
10 NI PXI-Chassis with P4 Controller; Power meters, form factor meters), and optical
characterization (optical spectrum analyzer Ando AQ-6315B; monocromator/spectrograph
Digikrdm DK480).

Main role in the project
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WP1 Innovative solar cells

Objectives:

The aim is the numerical simulation of a single PV cell in amorphous silicon, and the
optimization of the coupling of several cells.

Task: mathematical modeling and simulation of photovoltaic conversion and silicon-
based nanostructures.

Task: mathematical modeling and simulation of the coupling of several cells.

Total person-months in WP1: 25

WP3 Efficient power conversion
Objectives:

To define suitable electronic system architecture for the efficient implementation of
automated charging algorithm for batteries suitable for automotive and energy storage
systems; an hardware demonstrator of an enhanced efficiency smart battery charger.

Tasks:

The work is aimed to the study of architectural solution for smart charger capable of
implementing the enhanced efficiency algorithms developed in WPA4.

Firstly, the efficiency of the system charger/battery related to different charging
techniques will be analyzed, referring to commercial battery technologies.

The development of a hardware demonstrator suitable for the implementation of various
dispatching/charging strategies to enhance charging efficiency and battery life cycle

Total person-months in WP3: 11

WP4 Smart energy distribution, utilization and management
Objectives:

The first objective is to obtain a realistic behavioral model for the development and
evaluation of suitable energy dispatching policies that allow the optimal utilization of the
electric energy coming from the energy distribution system and photovoltaic systems.

The activity is aimed to the development of advanced battery charging algorithms that
allow implementing the optimal energy dispatching policies developed in the early stage of
the WP. For this phase the objective is to improve the Mean Satisfaction Degree of final
users from the value of 67%, at the moment achievable by the use of standard algorithms
proposed in literature, to a value of 80-85%.

Smart charging algorithms will be proposed in order to maximize the efficiency of the
battery charging process when the previously discussed energy dispatching policies are
applied, aimed to increase overall efficiency of the charging process of 10% with respect
traditional systems.

Tasks:

The activity will first of all focus on the analysis of real specification of the problem, in
particular with regard to expected load trends during a specific time, load specification,
maximum and minimum current allowable for a specific load topology.

The development of a realistic behavioural model for the evaluation of suitable energy
dispatching policies will follow, which allow the optimal utilization of the electric energy
coming from the energy distribution system or by photovoltaic supplies, resulting in a
maximum charging efficiency and quality of service.

The third step consists in finding ad-hoc algorithms for the smart management of grids
for sustaining the energy demand from large numbers of battery-based systems (both for
automotive and energy storage applications), most of all in the presence of solar-
photovoltaic-based energy sources.
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After this phase, the activity will focuses on the development of specific charging
algorithm aiming to enhance the overall charger/battery system efficiency.

Total person-months in WP4: 14

Key Staff Members Profile

Pietro Salvatore Pantano is full professor of Physics-Mathematics at the Engineering
Faculty of University of Calabria. He is co-Director of ESG (Evolutionary Systems Group). He
coordinates the EU projects “Virtual museum net of Magna Graecia” and “NetConnect” from
the technological point of view. Moreover, he is the coordinator of the local research unit in
the Marie Curie RTN project COMSON (Coupled Multiscale Simulation and Optimisation in
Nanoelectronics), and of the project “Mathematical Models and Applications to
Microelectronics” financed by MIUR in the field of "Programs for improving the
internationalization process of the Italian University system". His main fields of research are:
nonlinear phenomena and theory of complexity; Human-Computer Interaction;
communication and new technologies.

Giuseppe Ali earned a Master degree in Mathematics in 1990, at the University of
Catania, and a Ph.D. in Mathematics in 1995, at the same University. The following year he
was visiting researcher at UCDavis, California. From 1997 to 2003 he was Researcher in
Mathematical Physics at the “Istituto per le Applicazione del Calcolo M. Picone” (IAC), CNR,
and from 2003 to 2007 was First Researcher at the same Institute. In October 2007 he
moved to the UNICAL, as Researcher at the Faculty of Engineering, where he teaches
courses on modeling of semiconductor devices and applied mathematics. His research
interests include asymptotic methods in applied mathematics, semi-classical and quantum
models for semiconductors, coupled modeling of semiconductor devices, electrical networks
and thermal effects. He has published over 20 papers in peer reviewed mathematical
journals, as well as many conference proceedings, and one book, as coeditor.

Gregorio Cappuccino is associate professor of Electronics at the Department of
Computer Science, Electronics and Systems, University of Calabria, Italy. His current
research interests include digital and analog electronics, high speed interconnects and
embedded systems for smart grid/electric vehicles. He holds several patents in these fields
and has authored or co-authored over 60 publications. He has been selected as the recipient
of the University of Calabria Young Researchers Award for 1999 and University of Calabria
Learning Enhancement Project Award in 1999. Dr. Cappuccino is Associate Editor of the
Journal of Circuits, Systems and Computers. Prof. Cappuccino is a IEEE member since 2000
and IEEE senior member since 2008. Since 2010 he is member of the IEEE Analog Signal
Processing Technical Committee.
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8. Universita di Catania (UNICT)
Organisation profile

The University of Catania is one of the oldest academic institution in Italy with 12
Faculties and a School of Excellence. The research institution of UNICT working within the
project are the Department of Mathematics and Computer Science (DMI) and the
Department of Electrical Engineering, Electronics and Systems (DIEES).

The scientific group of the DMI involved in the project is that of applied mathematics with
3 full professors, 2 associate professor and 2 assistant professor along with 3 PhD students
and 2 Post Doc fellows. This group has a long experience in the hydrodynamical modellingof
charge transport in semiconductors, in the development of numerical schemes suitable for
nano device simulation both at macroscopic and kinetic level, sensitivity analysis, multi-
objective optimisation and parameter extraction. DMI will be involved in modelling and
optimization. CAT offers direct experience with the state-of-art of sophisticated
hydrodynamical modelling and effective robust optimization algorithms that are not common
in the standard engineering problems. The group of applied mathematics at DMI has
participated to several european and Italian research project. e.g. the RTN project COMSON
within the 6FP, the Vigoni project between ltaly and Germany, Italian PRIN and PRA, CNR
grants. Moreover there is a PhD program on Applied Mathematics and several summer
school have been organized on mathematical problems in micro and nano electronics.

The scientific groups working at the Department of Electrical Engineering, Electronics
and Systems (DIEES), of the University of Catania have been active since 1971 in the
sectors of Electrical and Electronic Engineering, and Systems and Automation. The
Department carries out its institutional activities within the territory of eastern Sicily, but with
strong scientific links with other Italian and foreign universities and cooperative relationships
with industries and public institutions (Fiat, Ansaldo, CNR, ENEA). Among the collaborations,
particularly important is that with various groups within ST Microelectronics. The Department
operates in an international context, from the relationships that each researchers have
woven over the years, which allows to carry out research activities aligned with those
developed in the best engineering schools and train young researchers with significant
experience abroad. They are conducted using the experimental facilities of the Department
and are developed on the basis of modern and competitive strategies, with results of high
scientific value, witnessed by national and international awards. The Department includes
several laboratories, including that of Electrical Machines and Drives, Power Electronics, that
of Microelectronics, the Electrical Measures and Electronic Equipment, the Automation and
Systems, all equipped with machines, equipment and measuring instruments and advanced
calculation, allowing the realization of experimental research.

With MURST co-financing on Reinforcement of Science and Technology Network, the
Centre for the Promotion of Innovation and Technology Transfer (CEPTIT) has been created
. The aim of the Centre is to launch projects aimed at encouraging the emergence of new
and developing initiatives for existing industries operating in depressed areas, by promoting
the use of new technologies for product and process. The heart of CEPTIT consists of an
integrated Laboratory, which is used for the development of some electric, electronic and
automatic prototypes, as required by SMEs for the development of their innovative products,
or selected from proposals received by young graduates to stimulate the development of
innovative business ideas.

Main role in the project

UNICT will collaborate to tasks of:

o WP1, task 3: the activity will focus on optimal cell design by advanced evolutionary
algorithms.

e WHP3, tasks 1,2 and 4: Converter architecture study and design, developing of models
for converters including high frequency behaviour, EMC tests on converter prototype.
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Key Staff Members Profile

Vittorio Romano is Associate Professor of Mathematical Physics at the Department of
Mathematics and Computer Science, University of Catania, Engineering Faculty. His current
main research fields are mathematical modeling and simulation of charge transport in
semiconductors along with optimization of electron devices using evolutionary algorithms. He
has been the scientist in charge in international projects like the RTN project COMSON
(Coupled Multiscale Simulation and Optimization in Nanoelectronics ) within the 6FP of EU
and the Vigoni project between Italy and Germany. He has been the director of two
international schools, MOMINEO8 and MOMINE 09 on Modelling and Optimization in Micro
and Nano Electronics, and is member of the PC committee of SCEE (Scientific Computing in
Electrical Engineering) 2008 and 2010. He has published over 40 papers in peer reviewed
mathematical journals, as well as many conference proceedings, and several chapters of
books.

Orazio Muscato is Associate Professor of Mathematical Physics in the Department of
Mathematics and Computer Science, University of Catania. His research fields are transport
models for semiconductor, Monte Carlo simulation, statistical design for yield optimization.
He has been responsible of national and international research project, among which Italian
C.N.R. grant (1997), I.B.M. Corporation “J.T. Watson Research Center”, Yorktown Heights,
New  York (USA)  (1993,1994,1995,1997), Progetti di  Ricerca  d'Ateneo
(2005,2006,2007,2008).

Prof. Alfio Consoli was born in Catania, Italy, in 1949. In 1972, he graduated in
Electrical Engineering from the Politecnico di Torino, Italy. After a short period at Fiat in
Torino, Italy, working at the R&D unit, he has been with the University of Catania since 1975.
He is Professor of Electrical Machines since 1986, teaching in the areas of electrical
machines, electrical drives and power electronics. He has authored or co-authored over 250
technical papers, as a result of more than thirty years of research activity in the areas of
energy conversion, electrical drives, robotics, and power electronics with applications in
information, industry, consumer products, renewable energies, transportation, control and
optimization of such technologies, including electromagnetic compatibility. In such areas, he
has directed several international and national research projects performed within the frame
of industry cooperation, such as Ansaldo, Genova, Ansaldo Breda, Napoli, ST
Microelectronics, Catania, Fiat, Torino, and Reliance, Cleveland, USA, or supported by
MURST, MIUR, CNR, ENEA, and the European Community. Among his international
achievements, it is worth to mention two IEEE awards, respectively obtained in the year 2000
for the best paper published in the IEEE Transactions on Power Electronics, and in 1998 as
the third prize paper presented at the IEEE-IAS Annual Meeting. Both papers were on
sensorless control of ac motor drives. Prof. Consoli holds three international patents, two of
them on sensorless control of drives, and is coauthor and coeditor of the book "Modern
Electric Drives" published by Kluwer, Amsterdam, The Netherlands, 2000. He is also the
author of "Electrical Motors" within the Italian national Encyclopedy "Treccani”, Appendix V,
Vol.lll, pp.564-575.Dr. Consoli is a Fellow of the IEEE of which he was one of the
Distinguished Lecturers for the period 2002-2004. From 1997 to 2001 he was a member of
the Executive Board of the IEEE-Industry Application Society. Actually he is a member of the
Executive Committee of the IEEE Power Electronics Society, where he serves as Chairman
of the Technical Committee on "Motor Drives", and is an Associate Editor of the IEEE
Transactions on Power Electronics. In 2005-2008 Prof. Consoli was the President of CMAE
(Converters, Machines, and Electrical Drives) the Association of the Italian Professors on
Power Electronics. Presently he is the Rector Delegate at the National Consortium on
Transports and Logistics (NITEL)" and Head of CePTIT, the "Center for Promotion and
Transfer of Technological Innovation”, that he created in 1999.

Mario Cacciato was born in Catania, Italy in 1969. In 2000 he obtained a position as an
Assistant Professor from the University of Rome - "La Sapienza”, where he worked in the
Department of Electrical Engineering from November2000 to October 2004. In November
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2004 he moved to the University of Catania, where he is currently teaching in the
Department of Electrical, Electronics and System Engineering. The main scientific interests
of Dr. Cacciato include power electronics, control of electric drives, electromagnetic
compatibility, renewable energies and hydrogen applications, power electronic devices. Dr.
Cacciato is the author of about 60 technical papers, published on journals and proceedings
of international conferences, obtained as a result of several research activities that have
been developed in collaboration with researchers of Italian and foreigner universities, as well
as industry research groups such as ST-Microelectronics, Centro Ricerche Fiat, Ansaldo-
Breda, and Ansaldo Ricerche. He is the coordinator of a research unit of the ‘PRIN 2006’
project of the Italian Minister of University and Research entitled "Integration of Photo-Voltaic
Systems in Conventional and Hybrid Vehicles". He has also participated to several research
projects founded by Italian and foreigner agencies such as CNR, ENEA, and the European
Community. Since 1998, Dr. Cacciato is a member of the IEEE, and since 2004 of AEIT, the
Italian Association of Electrical and Electronic Engineers. Within AEIT, he is presently a
member of the scientific board of the Automation Group.
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9. Consiglio Nazionale delle Ricerche (CNR)
Organisation profile

IMM is one of the institutes of Consiglio Nazionale delle Ricerche (CNR), the largest
public research institution in Italy. The IMM permanent staff includes about 120 scientists and
70 collaborators (technical and administrative personnel). The headquarters of CNR-IMM is
in Catania, with sections located in Bologna, Rome, Lecce, Agrate and Naples. The section
involved in the present project is the one located in Catania.

The activity of CNR-IMM in Catania is mainly devoted to research and development of
silicon based technologies, in particular relatively to new materials and devices for
microelectronic and photonic applications, development of novel technigues for solid state
device characterisation, multi-scale multi-approach process simulation. CNR-IMM Catania is
well equipped with computer facilities, among them a cluster of parallel CPU’'s for
computationally intensive calculations, analytical laboratories (TEM, SEM, AFM, SRP,
Electrical Measurements, Electro- and Photoluminescence) and processing facilities (ICP-
CVD, IR Laser).

CNR-IMM Catania has a significant experience of participation and coordination of
national and European projects. In particular, the Institute has been the coordinator of the
IST project SCOOP, dedicated to Si-based optoelectronics, FLASH, dedicated to the laser
annealing process applied to transistor fabrication, FINFLASH, on memory device by FIN-
FET architectures, and NUOTO, on high K dielectrics; it also was principal contractor of the
IST projects EQUIS, IMPULSE, FRENDTECH, and ADAMANT. CNR-IMM has been also
involved in two TMR projects (ENDEASD and HERCULAS), and, either as contractor or as
coordinator, in several national projects on materials science, device design and MEMS
subjects.

Main role in the project

In ERG, IMM will be the coordinator of WP1 dedicated to innovative solar cells. IMM will
mainly contribute in two ways: realization of hetero-junctions with a-Si:H and O rich a-Si:H or
SIPOS on Si by ICP-CVD for Si hetero-junction cells; characterization by state of the art
analytical techniques, hence contributing to the physical characterization of materials and
devices.

Key Staff Members Profile

Salvatore A. LOMBARDO received a B.S. (cum laude) and a Ph.D. in Physics from the
University of Catania, Italy, in 1989 and in 1994, respectively. He joined the Italian National
Research Council (CNR) in 1994 and in the period2001-2010 he was Senior Scientist of
CNR at the IMM Institute. From 2010 he is Research Manager of CNR at the IMM Institute.
He has spent various periods as visiting scientist at Cornell University, IBM-Research, and
STMicroelectronics. His research interests are in the field of semiconductor devices and
electronic materials. Dr. Lombardo is committee member and served as chair of numerous
international workshops and conferences. He was involved in the coordination of several
R&D national and European projects and of scientific collaborations with USA, Singapore,
and Israel institutions. He is author of 7 patents, 5 review articles, and of about 200 scientific
and technical papers published on international journals.

Antonino LA MAGNA was born in Catania (ltaly) on April 10th, 1968. He got his Master
in Physics (cum laude) and his Ph.D in Physics at the University of Catania in 1992 and 1996
respectively. He was post-doc research fellow at CNR from 1996 to 1999. From 1999 he is a
member of the research staff at CNR-IMM, responsible for modeling and simulation activities.
From 2009 is a member of the CNR-IMM Scientific Council. He contributed, often as the
scientist in charge of CNR-IMM, to several European Project (SCOOP, FRENDTECH,
IMPULSE, FLASH, IMPROVE, GRAPHIC-RF, ATEMOX), in the field of semiconductor
device processing and modelling. He is author of about 150 publications, delivered several

98



Technical annex ERG

invited talks at international conferences, won 3 awards at national and international
conferences.

Vittorio PRIVITERA is Senior Researcher at the Institute of Microelectronics and
Microsystems (IMM) of the Consiglio Nazionale delle Ricerche (CNR) and Head of the Group
“Advanced methodologies for micro and nanoelectronics”. After joining the IMM staff, he has
been a member of the project management committee of several European Projects
(ENDEASD, FRENDTECH, IMPULSE) in the field of semiconductor device processing and
modelling. He has been the Coordinator of the IST European project “Fundamentals and
applications of laser processing for highly innovative MOS technology” (FLASH). He is author
of more than 140 publications in international scientific journals, delivered several invited
talks at international conferences, won 4 awards at national and international conferences
and holds one patent.

Other key staff are Dr. Rosaria Puglisi (characterization) and Dr. Giovanni Mannino
(ICP-CVD).
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10. Elettra-Sincrotrone (ELETTRA)
Organisation profile

ELETTRA is an international multidisciplinary laboratory exploiting a third generation
synchrotron light source operated by Sincrotrone Trieste as a user facility and developing a
fourth generation source (FERMI@Elettra) that will allow the investigation of ultrafast
phenomena, like charge/energy transfers, reactive steps in chemical reactions, etc.

ELETTRA produces ultrabright light in the spectral range from Ultra-Violet to X-rays.
There are 22 beamlines open to international users. Some beamlines provide micro- and
nano-spectroscopies with a lateral resolution inaccessible to campus-based spectroscopies.
Other technigues available are XRD and SAXS for the study of the produced material crystal
structures. There are beamlines collecting photoemission, x-ray absorption and x-ray
emission spectra in few seconds (i.e. ~ 1 s for a photoemission core level spectrum) with all
the light polarization possible. Finally, clean rooms are connected to the two deep- and nano-
lithography beamlines with instrumentations, like the scanning electron microscope, the
electron and focused ion beam, the nanoimprinting lithography, that allow to sculpt matter in
the micro- and nano-range.

The accumulated experience has created and consolidated a wide body of skills and
technical expertise, whose benefits ELETTRA wishes to offer in support of industry R&D
activities. The Industrial Liaison Office (ILO) has been set up by Sincrotrone Trieste to
manage technology transfer and to promote the use of Laboratory facilities in applied
research and for industrial applications. The ILO technology transfer activities include the
industrial usage of the Synchrotron Light, the Product and Software development, R&D
projects, Spin-off setup, advance training for external industrial users.

ELETTRA has a proven experience in collaborating with other research institution and
industry and in coordinating EC programs, as for example the 13 project IA-SFS under the
FP6 and FP7 “Structuring the European Reserch Area” programs.

Main role in the project

Substrates, coatings, solar cells and contacts identified and developed by the project
partners will be studied by all the experimental techniques available at ELETTRA. The
possibility to study the morphology and chemical state will give an advanced understanding
of solar cell interfaces as well as of the used system materials, before and after all the
processing conditions. The use of synchrotron light will allow photon energy change in order
to be more sensitive to different chemical elements or to have a relatively large penetration
depth of the probe, using an electronic and chemical sensitive technique like photoemission,
simply working in the hard X-ray or very low UV region of the spectrum, giving an important
contribution to the analysis of the buried interfaces. More in general, the analysis performed
at ELETTRA will give information on the optimal choice of stoichiometry, on the possibility to
adapt the band gap of the systems as well as the band positions relative to a contacting
layer, which is a path for a good band matching between layers and will influence the device
efficiency.

ELETTRA is also active in studying and developing new full organic and DSSC solar
cells. The field of activity spans from the synthesis/growth of advanced photoactive materials
(polymers, molecules, carbon-based nanomaterials) and their characterization to the study of
organic/inorganic interfaces. Charge generation, charge transfer and transport in organic
molecular materials and interfaces will be actively investigated as well as the possibility of
using novel materials, like nanotubes and/or graphene, for realizing new electrodes. Studies
over the degradation patterns of the cells, in order to get insights into the actual performance
degradation mechanisms, will also be performed.

Key Staff Members Profile
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Andrea Goldoni, Head of the "Surface Science Division" and coordinator of the
“Beamline Group”. Experience: growth and analysis of materials and ultra-thin films -
including fullerenes, nanotubes, transition metal oxides, simple metals, semiconductors and
interfaces — using surface science techniques and electron spectroscopies, study of surface
chemical reactions and skills in ultra-high vacuum systems. Coordinator of national projects
funded by the Italian Ministry for University & Research (MIUR) and regional projects.

Luca Gregoratti, Head of the ESCA microscopy beamline. Experience: chemical and
electronic characterization of materials with photoemission spectromicroscopies and the
most used surface science techniques; in particular: nanosensors, carbon-based
nanostructures, solid oxide fuel cells, transparent conductive oxides, catalytic model systems
for gas catalysis, thin films, etc. Coordinator of national and regional projects. Main inventor
of two patents related to an innovative anticounterfeiting technology owned by Sincrotrone
Trieste.

Alessandro Fraleoni Morgera, Researcher. Experience: Expert in synthesis and
characterization (among other techniques, UV-Vis and infrared spectroscopy, NMR,
chromatographic analytical techniques, thermal analysis) of organic semiconducting
compounds, as well as in organic single crystals growth from solution. Experienced in the
fabrication of polymer-fullerene solar cells using various deposition techniques (spin-coating,
casting, PVD), and in their characterization (profilometer, scanning probe microscopy,
electrical-photoelectrical characterizations). Expertise on the topic of anisotropic transport in
organic single crystals and charge transport in semiconducting polymers. Participation as a
partner in several regional and national research projects in the field of organic photovoltaics.
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11. ON Semiconductor Belgium BVBA (ONSEMI-B)
Organisation profile

With its global logistics network and strong product portfolio, ON Semiconductor is a
preferred supplier of efficient power solutions to customers in the power supply, automotive,
communication, computer, consumer, medical, industrial, mobile phone, and
military/aerospace markets. The company’s broad portfolio includes power, analog, DSP,
mixed-signal, advance logic, clock management and standard component devices. Global
corporate headquarters are located in Phoenix, Arizona. The company operates a network of
manufacturing facilities, sales offices and design centers in key markets throughout North
America, Europe, and the Asia Pacific regions.

ON Semiconductor has a strong presence in Europe and the Belgian legal entity,
comprises manufacturing facilities and design centers. A large R&D effort is dedicated to
analogue and high voltage devices, process technology and reliability, innovative design and
test techniques and new circuit concepts. Engineers from ON Semiconductor in Belgium
have co-operated with many European partners in the frame of IST and EUREKA projects.

Main role in the project

High voltage (100+V) energy efficient power conversion requires power switching
devices with low switching and conduction losses. The higher the switching frequency, the
larger the relative importance of switching losses compared to conduction losses. Switching
frequency typically reduces with voltage rating.

ON Semiconductor plans to develop state-of-the-art power switches beyond the so-
called silicon limit. In the 100-200 V range, these devices are based on capacitive depletion
of the drift region using 8-15 ym deep trenches. Split-gate structures will be introduced to
reduce switching losses. The new power devices are aimed for high efficiency, which is
translated in record-low Ron and Ron.Qg values: 100 V range: Ron.Qg < 200 mQ.nC.

Key Staff Members Profile

Dr. Filip Bauwens holds a M.Sc. degree in applied physics from the University of Gent,
Belgium (1995). In 2000, he received a Ph.D. in nuclear physics from the same university. In
2001, he started his career in microelectronics when joining ON Semiconductor (formerly
AMI Semiconductor), Oudenaarde, Belgium. He manages a team of device engineers that
are mainly involved in the prestudy of new smart power technologies and discrete power
devices, including process specification, assessment of electrical and degradation behavior,
and detailed TCAD studies. He is author or co-author of over 20 international journal papers
or conference proceedings.

Peter Coppens received the M.Sc. degree in physical engineering from the University of
Gent, Belgium, in 1992,

He joined AMIS (former Alcatel Microelectronics) in 1994 for the development of CMOS
0.7, 0.5 and 0.35 technologies. From 1998-2005 he was employed as a process module
engineer for the development of metal-insulator-metal capacitors and deep trench isolation.
Since 2006 he joined the device integration team within technology development to take the
project lead of ON'’s integrated and discrete technologies.

Peter Moens received a M.Sc. and a Ph.D. in solid state physics from the University of
Gent, Belgium, in 1990 and 1993 respectively. From 1993 till 1996, he worked as a post-
doctoral fellow in collaboration with Agfa-Gevaert. In 1996, he joined ON Semiconductor
where he is involved in the power device development, both smart integrated power as well
as high voltage discretes, including wide bandgap materials. He authored over 100 papers in
international scientific journals and conference proceedings, and holds several patents. Dr.
Moens is member of the technical program committee of ISPSD, IRPS and the ESD/EOS
Symposium, and serves as the chair of the HV reliability subcommittee of IRPS. He also
served as the technical program chair of ISPSD2009.
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14. SolarTec International AG (STIAG)
Organisation profile

SolarTec International AG is the photovoltaic’s company which transfers challenging
technological concepts into economically efficient and sustainable PV-solutions. We focus
our business on two areas:

Core competences are concentrating photovoltaic’'s (CPV), planning and worldwide
realization of turnkey PV power plants (solar parks). We are a premium-partner for worldwide
planning, realization and operation of PV-power plants and Competence Center for highly-
efficient and economical systems in Concentrating Photovoltaic’s (CPV).

We commit ourselves to solutions combining our technological expertise with
responsibility for securing tomorrows energy with economically reasonable investment of
resources and capital. SolarTec International AG focuses on Concentrating Photovoltaic’s
(CPV), as well as worldwide planning, turnkey realization and management of PV power
plants. SolarTec International’'s CPV activities aim at the enhancement of highly efficient
complete systems. Being partner of the EU-Project APOLLON, SolarTec International AG is
putting a maximum amount of effort on the development of marketable CPV systems at
highest efficiency rates.

Our global PV power plant activities are based on the teams’ experience, as well as on
our references respective. The SolarTec International plant work focuses on enterprises in
the high yield regions of Europe, Asia/lndia, the USA and Africa.

In all our business fields, quality assurance, work & environmental management are
given maximum attention, in order to ensure all our partners the maximum in safety, reliability
and sustainability.

Our proven team’s specific expertise and experience meets increasing interest by
branch experts. Following this demand, SolarTec International AG will focus on presence at
branch symposia, conferences and trade-shows.

Main role in the project

STIAG will contribute to workpackage WP3: Efficient Power Conversion. In close
cooperation with Telefunken (TEL), FRAUNHOFER and RWTH. STIAG will investigate how
to increase the performance and efficiency of CPV inverters by using improved modules and
advanced inverter design.

Key Staff Members Profile

Matthias Sturm is experienced designer of CPV systems with installations on world
wide basis. He is head of a engineering team that is equipped with measurement and
evaluation tools which are able to validate and demonstrate the progress of new converter
systems and make comparisons to previous state of the art.

Radim Barinka, M.Sc., R&D and device manager, is the key person of the Solartec
company regarding the solar cell production technology. He has been working there since
1996. Now he works as the R&D director and process manager in solar cell fabline. Further,
he is active in the research and development of new and modified solar cell and solar
module structures. He also participates in the field of popularization, dissemination and
education in the photovoltaic branch in the Czech Republic.
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15. TELEFUNKEN (TEL)
Organisation profile

Telefunken Semiconductors with headquarter in Heiloronn, Germany has special and
long-term knowledge in the design and production of high performance RF and power
technologies and corresponding circuits. One focus of Telefunken is on mixed signal circuits
with supply voltages up to 80 Volt and switched currents of 1 Ampere. For example the
application areas body control, ABS and Airbag systems in the car industry are covered by
products of our customers, as well as keyless entry and IR/RF data control. For this
application field a special technology line has been developed and is in production in the
Heilbronn facility. This line includes Smart Power technologies on Bulk and SOI substrate
material. A special focus is on high temperature (200°C) applications for automotive and
industrial usage and on integration of non volatile memory (EEPROM) cells. Telefunken is
supporting worldwide customers with its foundry service and is offering own products for
selected market segments.

Main role in the project

Telefunken will provide SmartPower SOI technology for high efficiency systems, with
very low standby losses, for intelligent power control. The technology is available for partners
with design tasks. Telefunken will offer a MPW (Multi Project Wafer) -service for concerned
partners. Telefunken will contribute a demonstrator design with focus on effective DC energy
supply systems and high voltage capability. Activities will be located in WP3 with involvement
in Tasks 1 to 4.

Key Staff Members Profile

Volker Dudek received the degree in physics in 1988 from the Technical University of
Darmstadt. He worked in his diploma thesis on VLSI multilayer metallization systems at the
Electrical Engineering Department. He joined the Institute for Microelectronics Stuttgart in
1988, where he was active in quality, reliability and process integration departments. From
1992 to 1999 he was the Front-End Processing manager at IMS. He got the PHD from the
Mechanical Engineering Department of the University of Stuttgart for his work titled
“Lithography independent MOS-Transistors with channel-length below 100nm”.In 1999 he
joined Atmel-Heilbronn as the leader of the Smart-Power BCD process integration group.
Since 2004 he is the Technology Development Director of Atmel-Cooperate. Since 2005 he
was also the Director of the Foundry Business Unit. Since 2009 he is responsible as VP and
CTO for technology developments and foundry business in Telefunken Semiconductors.

Winfried Rabe received the Dipl.-Ing. degree in 1977 from the Ruhr University Bochum.
He joined Telefunken, located in Heilbronn, Germany and developed discrete and integrated
RF circuits in several technologies. In these activities he worked out several publications and
patents. After management of RF development groups and departments, he was appointed
as a project manager and was responsible for R&D-projects of Atmel Germany. He actually
is a manager with responsibility for innovation management in Telefunken Semiconductors.

Uwe Gieselmann received his Dipl.-Ing. (FH) in 1994 from the Fachhochschule
Osnabriuck. He joined Siemens HL in Villach, Austria and developed ASICs for automotive
and smart power applications. 1996 he changed to Sican/Sci-worx in Hannover and
continued the development of ASICs and ICs for smart power applications for different
customers and with several technologies. 2009 he joined Telefunken and is the Manager of
IC Architecture in the Design Center in Hannover.
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16. Fraunhofer Gesellschaft (FRAUNHOFER)
Organisation profile

At present, the non-profit Fraunhofer-Gesellschaft maintains more than 80 research
units in Germany, including 59 Fraunhofer Institutes. The majority of the 17,000 staff
members are qualified scientists and engineers, who work with an annual research budget of
€1.6 billion. Two thirds of the Fraunhofer-Gesellschaft’'s contract research revenue is derived
from contracts with industry and from publicly financed research projects. With its clearly
defined mission of application-oriented research and its focus on key technologies of
relevance to the future, the Fraunhofer-Gesellschaft plays a prominent role in the German
and European innovation process.

Founded in 1985, Fraunhofer Institute for Integrated Circuits IIS in Erlangen, Germany,
ranks first among the Fraunhofer Institutes concerning headcount and revenues. Fraunhofer
IIS with its headquarters in Erlangen has further branches in Nuremberg, Fuerth, limenau
and Dresden. In close cooperation with partners and clients the Institute provides research
and development services in the following areas: Digital radio broadcasting systems, audio
and multimedia technology, e.g. mp3, digital cinema systems, design automation and
integrated circuits, wired, wireless and optical networks, localization and navigation, high-
speed camera systems, imaging systems and nanofocus X-ray technology. Fraunhofer 11S
also has a strong background in sensor solutions, communications technology and system
architectures for energy scavenging and energy efficiency.

Main role in the project

Fraunhofer 1IS will closely work together in the flow with Telefunken and Solartec for
advanced control and monitoring systems for CPV modules or sub-modules. Fraunhofer IIS
will contribute power tracking algorithms, digital and analogue IC design, embedded systems
design and communication technologies appropriate for harsh environments to achieve
power and cost efficient control modules. He has been involved in various international
projects.

Key Staff Members Profile

Karlheinz Ronge studied Electrical Engineering at the University of Erlangen / Germany
and graduated with a Dipl.-Ing. degree. He joined Fraunhofer-11S in 1984. Since 1993 he is
head of the Department Digital IC Design. He is author and co-author of papers and
publications about digital IC design and networked embedded systems. He contributed to
system level design of ICs, hardware /software codesign and communication interfaces in
several application areas. Currently he works on power efficiency aspects and low power
design mainly at system level covering the whole electrical supply chain (smart gird). He is
also coordinator for all energy efficiency activities of the institute.

Peter Spies studied Electrical Engineering at the University of Erlangen / Germany and
graduated with a Dipl.-Ing. degree in 1997. Since 1998, he is with Fraunhofer IIS, power
efficient systems department. He was working on the field of multi-standard front-ends and
system simulations for communication applications. Since 2001 he is group manager of the
“integrated energy supplies” group where he is doing research and design in the field of
power and battery management, energy transmission and energy harvesting. Focus of his
group is integrated circuit and system development as well as software design. Most
important applications are wireless sensor networks and hybrid and electrical vehicles.
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17. RWTH Aachen (RWHT)
Organisation profile

RWTH Aachen University is the largest university of technology in Germany and one of
the most prestigous technical universities in Europe.

It currently has around 31,000 enrolled students, most of them in the field of engineering.
400 professors with 2,000 researchers offer more than 100 courses of studies. The Faculty
of Electrical Engineering and Information Technology consists of 23 chairs, 2 additional
research departments and 5 junior professorships each with its own research area.

The chair of Integrated Analog Circuits and RF Systems supports the Wireless Research
Center of the Faculty in the areas of circuit design, system concepts and design methodology
for on-chip RF sub-systems. Current research includes a S-Band Ship Radar System
(RASKEL, SAM Electronics and FGAN-FHR), an UWB LNA for sensing and localisation
(Ukolos Halos, DFG), a combined GPS/Glonass/Galileo receiver (Shared RF), Sigma-Delta
Converters (DAAD), Novel Receiver and Transmitter Architectures for Nanoscale CMOS
Integration (4 x UMIC, BMBF), DC/DC-Converters (pathfinder) and readout circuits for
MEMS (proposal). A major task in the current research is located in the cluster of excellence
of the German government Ultra High Speed Communication and Information (UMIC) with 8
researchers.

RWTH IAS currently has a staff of 1 acting manager, 14 PhD students, 1 laboratory
engineer, 14 student workers, 2 technicians, 1 mechanician, 2 apprentices and 2 secretaries.
IAS is equipped with more than 40 PC/SUN workstations, multiprocessor computing servers
with an adequate number of MATLAB, Cadence, Mentor, ADS, RFDE licenses. The chair
has an RF measurement lab including an on-wafer prober, vector network analyzers up to 50
GHz, three 6 GHz vector signal generators, a 40 GHz signal generator, and a 40 GHz signal
analyzer.

Main role in the project

RWTH will work on new sub-module based energy efficient DC/DC converter.
Shadowing and individual cell failures are overcome by this new concept enabling the earlier
market entry for promising solar cell technologies like organic cells.

Furthermore RWTH Aachen will support Telefunken by developing fully integrated MPPT
and inverter circuits. Using the partners SmartPower SOI technology the efficiency will be
enhanced, standby losses will be reduced.

Key Staff Members Profile

Prof. Dr. Stefan Heinen received Diplom-Ingenieur Degree in 1988 as well as his Dr.-
Ing. Degree in 1992 from Gerhard- Mercator University Duisburg. Dr. Heinen started his
career 1992 as RF IC designer in the Siemens semiconductor group. He has been
responsible for various commercial R&D programmes in the RF area covering cellular as well
as cordless applications. He founded the RF group in the Duisburg Design Center of Infineon
Technologies (former Siemens Semiconductor), which has a world leading record in RF SoC
integration. The Bluetooth single chip and the first GSM single chip have been developed in
that group. In 2002 Dr. Heinen accepted a full professorship at RWTH Aachen University and
founded the Chair of Integrated Analog Circuits and RF Systems. Prof. Heinen is an IEEE
fellow since 2007.

Dr. Ralf Wunderlich received the Diplom-Ingenieur Degree in 1997 at the Technical
University Dortmund, Germany (TUD). Ralf Wunderlich joined the RWTH IAS in 2002 after
completing his Ph.D. at the TUD on the topic of an integrated CMOS only Hall sensor system
for precision length measurement. Currently he is involved in the described research
activities, in teaching and in student concerns. He is leading the chairs power management
and sensor group. As an acting manager he is responsible for all organizational and
professional affairs.
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18. Infineon technologies AG (IFAG)
Organisation profile

Infineon Technologies AG, Neubiberg, Germany, offers semiconductor and system
solutions addressing three central challenges to modern society: energy efficiency,
communications, and security. In the 2009 fiscal year (ending September), the company
reported sales of Euro 3.03 billion with approximately 25,650 employees worldwide.

Infineon has long years of experience in semiconductor solutions for automotive and
industrial applications and develops, manufactures and markets innovative semiconductor
products and complete SoC solutions. Infineon is market leader in automotive
semiconductors (sensors, power semiconductors and microcontrollers) in Europe and
worldwide. Infineon is worldwide one of the leading companies in power electronics as with
the CoolMos technology, the IGBTs and the SiC technology and No 2 worldwide as
manufacturer of high power IGBT modules. Research activities have been conducted on
Catrene / ENIAC level like HotCar, SPOT-2 or SmartPM and on national (BMBF) level like
INGA, SIC_JFET or Super-junction BE.

Main role in the project (divided to the task involved)

Infineon is heavily involved in WP3 “Efficient power conversion”. Infineon is researching
in close cooperation with SMA and TUC on the development of a highly efficient power
converter for photovoltaic systems. The research part of Infineon is on component and
module level. Infineon will research on new concepts, related designs and evaluation
prototypes on module and device level. Fast switching Power modules with extremely low
inductivities on the base of SiC diodes will improve system efficiency significantly. Modelling,
simulation, characterisation and evaluations concerning functionality, reliability and
technology ability will be part of the research of Infineon.

Key Staff Members Profile

Markus Thoben received his diploma and PhD degree in electrical engineering from the
University of Bremen, Germany in 1995 and 2002. From 1999 to 2004 he joined
DaimlerChrysler research institute in Frankfurt a.M., where he worked on the field of
reliability and concepts for power electronics and ECU-hardware. From 2004 to 2008 he
worked on the field of concept engineering for power modules at Infineon Technologies AG
in Warstein (Germany). He is currently project manager for funded project related to hybrid
vehicle power module at AIM. Since July 2008 he is responsible for the simulation group in
the power module development at Infineon Technologies AG.
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19. SMA Solar technology AG (SMA)
Organisation profile

SMA Solar Technology AG develops, produces and sells solar inverters and monitoring
systems for photovoltaic applications. SMA is the world’s largest producer in this segment
and is the only vendor that has a product range with the matching inverter type for any
module type and any power class. This applies for grid tied applications as well as island and
backup operation.

SMA Solar Technology AG was founded as an independent company out of Kassel
University in 1981 with the vision to develop and produce intelligent computer-based control
systems for decentralized energy supply. Due to the know-how from more than 25 years of
experience in the development and fabrication of systems technology for photovoltaics, wind
energy and combined power generation plants, continuous product improvements and the
use of absolutely new technologies, SMA is a pioneer in the field of solar technology.
Intensive research and developments resulted in innovations that have set standards
especially for decentralized power supply systems. With the ,Sunny Boy“ inverter SMA is
worldwide market leader in the field of innovative device technology for the use of renewable
energy sources.

SMA Solar Technology AG is headquartered in Niestetal, near Kassel, and is
represented on four continents by 13 foreign subsidiaries. Today the group employs more
than 4,500 people and had a total sales volume of EUR 935 million in 2009.

Main role in the project

SMA will contribute to workpackage WP3: Efficient Power Conversion. In close
cooperation with Infineon AG (IFAG) and TU Chemnitz (TUC) SMA will investigate how to
increase the performance and efficiency of PV inverters by using improved low-inductance
modules and a low-inductance inverter design. Task of SMA will be the investigations on low-
inductance inverter design as well as testing the different approaches and modules of the
partners in the application context of PV inverter topologies and for the special requirements
of PV inverters. A special focus will be on reliability and lifetime as well as on the validation of
the expected advances from the point of view of an inverter manufacturer (especially
efficiency, EMC characteristics and reduction of costs). Further more SMA will realize an
experimental PV inverter to test and demonstrate the advances achieved.

Relevant experience for this project:

SMA is developing PV inverters and inverters for other kinds of renewable energies and
battery storage systems since more than 25 years. Furthermore SMA is leader in innovation
and the global market leader for PV inverters and has the worldwide largest collection of
know how and practical experience concerning grid connected PV inverters and AC-coupled
hybrid systems. Due to this, SMA has all experience needed, appropriate laboratories and
excellent engineers to successfully fulfil all its tasks in the proposed project.

Key Staff Members Profile

Regine Mallwitz was born in Guestrow 1970, Germany, and received the Dipl.-Ing.
degree at the “Otto-von-Guericke” University Magdeburg in 1994 after working on pulse
power problems in excimer lasers. After developing gas and solid state lasers at LAMBDA
PHYSIK GmbH Goettingen and LISA Laser Products OHG Lindau, Germany, she received
the PhD degree in 1999 at the University of Kassel. 1999 she entered the company eupec
GmbH Warstein (now Infineon) as R&D engineer and was responsible for the development
of 1700V IGBT module family and new module designs respectively until 2004. Since 2005
she is with SMA Solar Technology AG. Her special scientific interests are the application of
power semiconductors and integration of power electronic devices especially in solar
inverters.
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Matthias Victor was born in Bremen, Germany in 1970 and received the Dipl.-Ing.
degree at the Technical University Braunschweig in 1996. Afterwards he continued working
at TU Braunschweig as a research assistant in the field of power electronics for railway
applications. He investigated a medium-frequency-transformer system as a replacement for
the conventional 16,7Hz transformer based on 3,3 kV IGBTs and received his PhD degree in
2002. He joined SMA in 2001 as an electrical engineer for power electronics and is since
2004 responsible for advanced developments. Today he is Vice President for Technology
and IP-Management for solar inverters.
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20. Technische Universitat Chemnitz (TUC)
Organisation profile

Chemnitz University of Technology has over 10000 students. It is the third largest
university in Saxony. Around 750 international students from all over the world are enrolled
each year. It was founded in 1836 as Royal Mercantile College ("Konigliche
Gewerbeschule") and became technical university in 1986. The university is organised into
the following 8 faculties: Natural Sciences, Mathematics, Mechanical Engineering, Electrical
Engineering and Information Technology, Computer Science, Economics and Business
Administration, Humanities and Behavioural, Social Sciences.

The Chair for Power Electronics and Electromagnetic Compatibility at the Faculty
Electrical Engineering and Information Technology hat its main research fields in power
devices, their ruggedness and reliability: effects at the edge of the SOA (dynamic avalanche,
short cicuit), designs for improved SOA, reliability of power devices, new packaging
technologies, active power cycling, derivation of models for lifetime calculation

Further research projects are in the field of energy storage, reliability of advanced double
layer capacitors, active load cycles, lifetime determination, and in the field of DC-DC
converters for hybrid vehicle applications, technologies for improved efficiency of power
electronic converters and inverters.

The chair, headed by Prof. Josef Lutz, currently has a staff of 1 senior researcher, 7 PhD
students, 5 students in diploma- resp. master thesis, and 2 technicians.

Main role in the project (divided to the task involved)

TU Chemnitz will be involved in the development of a high efficiency solar inverter in
cooperation with IFAG and SMA, and will contribute to improved devices and an improved
low-inductance module. To improve the SiC MPS diode, a new top-side contact structure
with increased heat capacity will be calculated. Measurements of the switching
characteristics and of the overload behaviour will be performed.

In the module development, TUC will perform thermal simulations to ensure a
homogeneous thermal load at indented application conditions and to achieve a high
temperature cycling and power cycling capability. The arrangement with the best trade-off
between homogeneous temperature and lowest electrical inductance is to be found.

Key Staff Members Profile

Prof. Dr.-Ing. Prof. h.c. Josef Lutz has received a Diploma in physics 1981. During
1983-2001 he has been with Semikron Electronics Inc., Nuremberg. First he worked in the
development of GTO Thyristors, then in the development of fast recovery diodes. He
introduced the Controlled Axial Lifetime (CAL) diode and is holder of several patents. In 1999
he obtained his PhD in electrical engineering at the University of lImenau. Since August 2001
he is Professor for Power Electronics and Electromagnetic Compatibility at the Chemnitz
University of Technology, Germany. He is member of the International Steering Committee of
the EPE (2007, 2009, 2011 Topic Chair “Power Devices”), of the advisory board of the PCIM,
of the program Committee of the ISPS and of the Scientific Committee of the CIPS. He was
awarded the degree of Honorable Professor by the North Caucasus State Technical
University Stavropol , Russia, in 2005.

Susanne Fichtner is PhD Student, Member of the scientific staff. She has a Bachelor in
Computational Science from Chemnitz University of Technology and graduated as Master in
Physics at University of Leipzig in August 2011. During her studies she specialized on
numerical simulations and semiconductor physics.
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21. Leitat Technological Center - Acondicionamiento Tarrasense (LEITAT)
Organisation profile

LEITAT is a private-non profit Technological Research Centre specialized in production
technologies. LEITAT develops R+D activities in the areas of materials sciences,
environment, biotechnologies and renewable energies with deep knowledge and experience
on the technological transfers to several industrial sectors. LEITAT is member of several
Technological platforms, including Smart Systems Integration (EPOSS) and European
Technology Platform for Advanced Engineering Materials and Technologies (EuMaT).

Main role in the project
Due to LEITAT expertise, our role will be basically into two areas:

1) Innovative solar cell and energy harvesting (WP1), where LEITAT will contribute to:

e Design and development of optimized photovoltaic modules of third generation
photovoltaic based on organic and hybrid organic-inorganic systems (such as dye-
sensitized solar cells).

o Development of low-cost and large area manufacturing process based on screen
printing technology and/or spraying.

¢ Design and development of low-cost and non-tracking photovoltaic systems based on
luminescent solar concentrators.

e Design and development of novel systems for photovoltaic panel refrigeration.

e Study and development of recyclability methods for photovoltaic panels (C-Si, thin
film and emerging technologies).

e Preliminary IEC tests for panel certification (61215 C-Si, 61646 thin film).
Development of specially designed tests for emerging technologies towards future
certification.

e Other methods of energy harvesting for powering WSN (solar panel monitoring).

2) Smart energy distribution, utilization and management (WP4), where LEITAT will
contribute to:

e Development of individual measurement and control elements connected to a micro-
grid controller.

¢ Implementation of local network for energy generation and storage, especially using
electrochemical supercapacitors.

e Wireless Sensor Nodes network for generation monitoring, failure detection and
energy management.

Key Staff Members Profile

David Gutierrez is PhD in Chemistry (Autonomous University of Barcelona). His
research experience is centred in the study of soft chemistry process for particles synthesis
and the preparation of layer inorganic oxides (mainly titanium oxide), and in their application
to sensors and solar cells sensibilized. He was a researcher in the Stuttgart Technology
Center (Sony Deutschland GmbH), he has worked in international projects, he has
participated in different European congress and he has papers in different scientific journals
in the field of materials, photoquimics and chemistry. He has been associate professor in the
Chemistry Department of the Autonomous University of Barcelona.
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22. Slovak University of Technology Bratislava (STUBA)
Organisation profile

Slovak University of Technology in Bratislava (STUBA) consists of 7 faculties, is
attended by almost 18 000 students and belongs to leading universities in microelectronics
education and R&D activities in the New Member States of EU. The Microelectronics
Department of Slovak University of Technology in Bratislava is active in a field of
microelectronics, optoelectronics and sensors. Its membership in EUROPRACTICE provides
access to advanced TCAD modeling and simulation as well as IC design tools (Synopsys,
Cadence, H-Spice). Structure and device characterization and failure analysis either by
electrical (I-V, C-V, DLTS measurements in a wide temperature range with optional magnetic
field, microwave characterization) or analytical tools (SEM, EBIC, CL, AES, AFM, SIMS,
micro-Raman spectroscopy) is another strong field of department activities. The comparison
and good correlation of experimental and simulated results is used for physical models
calibration, physical interpretation of obtained experimental results and prediction of the
properties of new semiconductor devices and IC’s. The solved projects comprise the thin film
sensors and subsequent signal processing for healtcare and environmental applications,
analogue and mixed signal design, smart power MOS device design and characterization,
GaN based devices, organic semiconductor transistors and LED’s, diamond and carbon
nanotubes growth. The well equipped laboratories, expertise and enthusiasms of department
staff ensure the successful project solution. They are about 40 teachers and researchers and
more than 20 PhD students at the department. They actively participated in projects in 5th,
6th and 7th FP projects as well as NATO and COST projects. More than 20 projects funded
by national authorities and/or within bilateral international collaboration are being solved at
the department yearly.

Main role in the project

STUBA has expertise and take the role in WP1 related to tandem solar cells using
InxGal- XN hetero-junctions with silicon as the active junction. In particular:

¢ Nanotechnology approach and applications of various nanostructures prepared from
IlI-V semiconductors to improve the solar cell efficiency. We will concentrate our
efforts on the short wavelength part of the solar spectra. Maodification of a top layer
of the majority tandem solar cells consisting ternary semiconductor compound
InGaP by application of the GaP nanowires will shift absorption edge of the solar cell
structure further to the shorter wavelengths. Another improvement will be obtained
by preparation of GaP-ZnO heterojunction. ZnO is a wide band-gap semiconductor
(Eg=3.37 eV) and its application will allow to shift the absorption edge more to the
bluepart of the solar spectra. Nanocrystalline ZnO layers will be prepared by
magnetron sputtering or pulse laser deposition.

e Structural analysis essential to the development InGaN layers and InGaN/Si
structures for optimization of design of tandem solar cells giving efficiencies nearing
30%. This include precise nanoscale structural analysis of the physical geometry,
morphology of materials and and structures by Field Emission Gun Scanning
Electron Microscope (FE-SEM- SE, EDS, EBIC and CL modes), Time-of flight
secondary ion-mass spectrometer (ION-TOF SIMS) supported by collaboration with
ILC (International Laser Center, Bratislava), AFM technique (PARK XE-100) in
different modes and micro-Raman spectra and mapping ( LabRam) to analyse the
effect of strain on continuous films of IlI-Nitrides with low strain and low dislocation
density.

STUBA has an expertise in various methods of electrical and optical characterisation of
optoelectronic devices. The complex electrical (I-V, photocurrent) and optical detection
spectroscopy will be realised to optimize the device structure and properties as well as
measurements of electrical and optical parameters stability and degradation of structures
and devices by |-V (Agilent sources& semiconductor parameter analyser), C-V, DLTS
methods (80-450 K) and optical spectroscopy methods (15-300 K). This will be particularly
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important for trade-off between device architecture, processing speeds, efficiencies and
innovations in solar cell design and subsequent fabrication techniques.

Optimization of technological processes of LED structures, optical lithography,
deposition and modification of optimized ohmic contact, testing and development of etching
processes and structure modification.

Potential alternative solution: InGaAs/GaAs/ InGaP solar cells, including tunnel
junctions.

Key Staff Members Profile

Prof. Daniel Donoval received his M.S. and PhD degrees in Electronics from Slovak
University of Technology (STU) in Bratislava, Slovakia, in 1976, and 1981, respectively. He
has been working as a Head of Department of Microelectronics STU Bratislava for 16 years.
As a professor he is involved particularly in physics, technology and characterization of
advanced semiconductor structures and devices supported by modeling and simulation. In
the years 1997 — 2003 he was a member and chairman of the Scientific Grant Agency of
Slovak Ministry of Education. He was a referee of the projects submitted within 5th, 6th, and
7th FP of European Union. Currently he is a member of the Education & Training
Coordination Board and management team of the Scientific Community Council of ENIAC
Technology Platform. He is the Slovak representative in Public Authorities Board and
governing Board of ENIAC JU. He is a coordinator of many R&D projects supported by
national and international agencies. He authored and co-authored more than 150 papers
published in international scientific journals and conference proceedings. To stimulate the
technology transfer to industrial partners he organizes many conferences, workshops and
participates in scientific program and steering committees of many international conferences.

Prof. Jaroslav Kova¢ graduated at the Slovak University of Technology (STU), Faculty
of Electrical Engineering and Information Technology (FEI STU), Bratislava, in 1970. Since
1971 he has been engaged in the research of optoelectronic devices technology at the
Microelectronics Department of FEI STU. In 1983 he received a PhD degree and in 2001
professor degree at STU Bratislava. Since 1991 he has been the team leader of the
Optoelectronic and microwave group at the Department of Microelectronics. His interest
includes technology and characterisation of optical and electrical properties of IlI-V devices.
He was involved in many framework research projects and act as a national coordinator of 5
FP project VGF GaP and 7 FP project MORGaN.
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23. POWERTEC Itd (POWERTEC)
Organisation profile

POWERTEC Itd. is a spin-off company created by young postgraduate students and
closely related to Slovak University of Technology Bratislava. POWERTEC offers expertise in
design of non-standard microelectronic solutions for technologies of renewable energy
resources. The team members are experienced in integration of novel EC design solutions
together with downscale integration to low-power IC, applicable to energy generating solar
systems. The innovations are focused on applications in small and mid-scale photo-voltaic
power plants, where a single PV cell could be analyzed and controlled (i.e. switched-off). The
contribution of full PV field analysis leads to energy gain and higher power-grid stability.
Currently POWERTEC participates in PV projects related to national energy effectiveness
effort funded by national authorities.

Main role in the project

POWERTEC will contribute to WP2: “Optimization method for energy extraction” in
design of modern PV cells diagnostic and controll systems. Designed ultra-low power cell
control unit integrated within PV cell or realized as a stand-alone system will be suitable for
analysis of every cell using communication over power line. Increasing efficiency and
reliability will be the main task of our effort. The system will contribute to optimization of
variable power output and should be compatible with power-grid authorities. New solutions,
suitable for control of multi-supply systems for stable and efficient hybrid PV architectures
and power storage modules will be researched and proposed.

Key Staff Members Profile

Martin Donoval received his master and PhD degrees in Electronics from Slovak
University of Technology in Bratislava. He has carried out postgraduate studies in area of IC
design. Afterwards he continued working at university as a research assistant in magnetic
force affected IC sensors design and magnetic force IC sensors. He participated in
establishment of spin-off company POWERTEC with focus on renewable energy sources.
Today he is responsible for R&D projects management, particularly in a field of SMART
electronics design. He participates in development of new prototypes and dedicated
integrable electronics for highly specialized driving and controlling off-chip devices and
systems in field of power management. His scientific interests are design and integration of
novel SMART electronics solutions particularly for medical and environmental applications
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25. SolarPrint Limited (SPR)
Organisation profile

SolarPrint Limited was founded in 2008 with unique IP for a quasi-solid, printable
electrolyte, which replaces the existing liquid-phase electrolyte, together with a number of
novel technologies on dye sensitised solar cell (DSSC). SolarPrint produces Dye-Sensitised
Solar Cells (DSSC), made from abundant materials in a simple all-printable process.
Efficient from any angle of incidence, even at diffuse light, DSSC works where other PV
technologies fail - opening a world of new solar-powered applications.

The company currently has a research team of 11 full time staff members including 5
doctoral scientists and engineers. SolarPrint has established a new pilot production line in
Dublin, Ireland, which was completed in December, 2009. The manufacturing tools include
high-precision screen printers, programmable sintering ovens, solar simulators, dye
applicators, a low-humidity clean room, chemical preparation laboratories with state-of-the-
art materials synthesis instruments, together with testing and analytical equipment.

Novelty and merit of SolarPrint Technology

The patented quasi-solid electrolyte is to replace existing liquid-phase electrolyte which
has been used in conventional DSSC. The electrolyte improves DSSC yield and reliability by
avoiding liquid filling processing and defect leaks. SolarPrint has a complete development
strategy for both rigid glass and thin, flexible DSSC based on thin-metal and transparent
plastic foils by using unique technologies. The flexible DSSC has great advantages over
crystalline or thin-film cells on flexibility, conformability and compactness and weight.

Applications

Commercial Electronics and Home appliances: Mobile phone and other portable
devices require meaningful electrical conversion efficiencies in low light and diffused light
conditions. DSSC is the only type of cell that can meet this requirement.

Transport PV (DSSC or board): SolarPrint is developing a smart sunroofs project using
DSSC with one of the largest automobile makers in the world. Both glass and flexible DSSC
will be used in different stages and different parts of the automobile. The on-board DSSC is
expected to provide up to 10% of the energy by 2014, which otherwise should be provided by
fossil fuel.

BIPV: DSSC is superior to silicon PV on building fagades facing every direction including
south and horizontal. DSSC on rigid glass substrate will be ideal as an alternative to any type
of PV in a building fagade. More important, since DSSC is also uniquely superior for indoor
light harvesting, it should provide exclusive applications for indoor BIPV with unlimited
possibilities for retrofitting.

Main role in the project

SolarPrint will focus on the development of DSSC production with a number of
innovations, including the development of the following:

e A printable electrolyte

e A printable DSSC production technology for cost competitive high-volume
manufacturing

e Improvement of cell efficiency through advanced material

e Materials formulation further for DSSC

e DSSC to meet low-light requirements for wireless sensing applications
e DSSC modules for equipment charging applications

Key Staff Members Profile
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Dr. Mazhar Bari, Ph.D. & MPhil in Physics from the University of Cambridge (1996),
B.Sc. (HONS) in Experimental Physics from University College Dublin (1991), MBA from The
Michael Smurfit Graduate School of Business, Dublin (2003). He was the Programme
Manager of a €6M SFI funded research project on Nanoscale Spin Electronics (2001-2006).
Dr. Bari was involved in various EU projects when he was Programme Manager at Trinity
College Dublin between 2001- 2006 (MULTIMETOX, AMORE, OXSEN,
and MAGNOISE). His core expertise is in nanomaterials, thin film device fabrication and
device physics. He has published over 20 papers and is the inventor or co-inventor of six
patents.

Dr. David Jeng: Ph.D. in Electrical Engineering, State University of New York at Stony
Brook, B.S. and M.S. in Electrical Optical Engineering and Physics, Chao-Tung University,
Taiwan. David Jeng worked as research staff member with former AT&T Bell Labs during
1990-1998, high level technical officers in Taiwan during 1998-2007; He has published over
50 scientific papers and holds 12 patents.

Dr. Marin Gheorghe: Senior Chemist. Ph.D. in Chemistry, Bucharest University, M.S. in
Chemistry, Politechnica University Bucharest, his Research interest covers, Nano-
biotechnology, Microfluidics, BIoOMEMS, Bioelectro-chemistry, Micro and Nano assembling,
and Materials Science. He has published over 40 scientific papers and holds 4 patents.
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26. Tyndall National Institute (Tyndall)
Organisation profile

Tyndall National Institute is one of Europe's leading research centres, specialising in ICT
hardware research, commercialisation of technology and the education of next generation
researchers. Tyndall has a critical mass of over 420 researchers, engineers, students and
support staff focused on quality research and the commercialisation of technology through
industry collaboration, IP licensing and spinout generation. Tyndall's research addresses key
challenges in the areas of Communications, Energy, Health and the Environment through its
technologies which span the range “from atoms to systems” in the areas of photonics,
microsystems and micro-nanoelectronics, backed by strong expertise in theory, modelling
and design and a highly flexible wafer fabrication capability in Si CMOS, 1lI-V’s and MEMS.
Established originally in 1981 as the National Microelectronics Research Centre (NMRC), the
Tyndall National Institute was set up in 2004 bringing together complementary activities in
photonics, electronics and networking research at the National Microelectronics Research
Centre (NMRC), several UCC academic departments and Cork Institute of Technology (CIT).
Tyndall currently employs 400 people, occupying 11,500 sq meters of laboratory and office
space. Tyndall has ISO 9001 status supported by regular audits of all procedures from both
internal and external audit teams.

Tyndall secured 40 projects under FP6, 6 STREPP co-ordination projects, 1 Large Scale
co-ordination Network of Excellence and 27 STREPP partner projects. Supporting these
contracts are dedicated and experienced Financial, I.T, H.R, Admin and Intellectual Property
teams. Financial team supporting this project will be Finance Manager and EU Projects
Administrator both of whom have extensive experience in managing small and large scale
EU Strepps and NOE projects. On line intranet based purchasing solutions interfacing
directly to finance and personnel systems support the day to day operations within Tyndall.
Experienced administration team in place to support technical project manager with any day
to day admin requirements. Intellectual Property will be supported through Ms Ondine
Braddell and Mr. Michael Gruffery both of whom have extensive experience within the areas
of intellectual property and consortium agreements. Ms Braddell will be responsible for
preparation, completion and co-ordination of Consortium Agreement for this proposal should
it be successful.

Main role in the project (divided to the task involved)
Tyndall will contribute to ERG in WP1 and WP3 in the following ways:

e Design and development of InGaN on Si MOVPE growth technology for next
generation multi-junction solar cells in concentrator PV systems

e Wireless sensor technology development for CPV system ambient monitoring and
performance control for CPV solar cells

Key Staff Members Profile

Donagh O’Mahony is a Staff Researcher with the 11I-V Materials and Devices group at
the Tyndall National Institute, Cork, Ireland. His research experience lies in the area of Ill-V
photonic and power device development for high operating temperatures, including R&D
activates for the European Space Agency. He is currently involved in the development IlI-V
solar cells for concentrator PV. He has previously worked as a visiting scientist at the Paul
Scherrer Institute, Switzerland and as a PhD and post-doctoral researcher Trinity College
Dublin, Ireland.

Peter Parbrook is Stokes Professor of Nitride Materials, at the Tyndall National Institute
in conjunction with the Department of Electrical and Electronic Engineering at University
College Cork. Before this he held academic positions at the University of Sheffield and the
Toshiba Central Research and Development Center in Japan. His research aims to improve
the properties of devices made from gallium nitride and related materials. He has authored /
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co-authored more than 120 publications in international journals and holds around 10
patents. He is a member of the International Advisory Committee for the International
Workshop on Nitride Semiconductors conference series, and in 2011 will co-chair the
International Conference on Nitride Semiconductors (ICNS).

Mike Hayes Profile BE (electrical) 1987, MEng Sc 1994. Held several roles at Artesyn
Technologies (1987-2006) including senior design engineer, program manager and custom
engineering manager. In 2008 joined Tyndall as a Program Manager, focusing on building
energy management and energy efficiency applications, actively involved in several related
EU and industry funded research projects. Also actively involved in energy harvesting
research at Tyndall.
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27. NXP Semiconductors (NXP)
Organisation profile

NXP Semiconductors provides High Performance Mixed Signal and Standard Product
solutions that leverage its leading RF, Analog, Power, Digital Processing and manufacturing
expertise. These innovations are used in a wide range of automotive, industrial, consumer,
lighting, medical, computing and identification applications. Headquartered in Europe, the
company has about 28,000 employees working in more than 25 countries and posted sales
of USD 3.8 billion in 2009. News from NXP is located at www.nxp.com

Main role in the project

NXP-NL will contribute to WP3 by specifying and designing innovative semiconductor
solutions for panel-based power-management topologies for solar systems to increase the
overall energy output of a solar system by making optimum use of the specialized power IC
technologies available in the company.

Key Staff Members Profile

Toby Doorn is a senior scientist at NXP Semiconductors Research where he is involved
in the development of power conversion systems for solar applications. He joined NXP
Semiconductors Research after receiving a M.Sc. degree in Analog IC design in 2004 at the
University of Twente, the Netherlands.

Henk Jan Bergveld was born in Enschede, the Netherlands, in 1970. He received the
M.Sc. degree (cum laude) and the Ph.D. degree (cum laude) in electrical engineering from
the University of Twente, Enschede, in 1994 and 2001, respectively. He joined Philips
Research Laboratories, Eindhoven, the Netherlands, in 1994. His research interest was
modeling of rechargeable batteries to design better battery management systems. This work
resulted in his Ph.D. degree and the book Battery Management Systems — Design by
modeling (Boston, MA: Kluwer, 2002). He is currently a Principal Scientist and team leader
power management with NXP Semiconductors.
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31. Boschman Technologies (BTE)
Organisation profile

Boschman develops new processes for the encapsulation of advanced packages and
delivers the encapsulation equipment to the worldwide semiconductor and electronics
industry. The focus in the worldwide semiconductor and electronics industry is on one hand
on the miniaturization of packages and on the other hand the change of the standard
packages to IC’s with a sensing function. From fingerprint sensor, camera sensor, humidity
sensor, temperature sensor, (tire) pressure sensor to the bio- medical sensors, the MEMS
packages.

Boschman provides in a close cooperation with the semi- industry new processes and
equipment for the MEMS / Sensor packages. The “basic “ technology of molding with film
started more than 10 years ago and the semiconductor industry looks with favour on the
advanced processes of encapsulation. Boschman has the technology to (partly) encapsulate
the MEMS/Sensor packages in such a way that the sensor area of a chip can perform its
function in a perfect encapsulated environment.

Main role in the project

Boschman as a MKB company wants to widen the unique position in the sensor
packaging to the world of renewable energy (CPV). High tech developments need a close
cooperation between different disciplines in the value chain. Development and integration of
key competences and technologies are needed for cost effective packaging solutions. This
are the ingredients for Boschman to participate in a project with also international partners.

Boschman’s contribution will be focused on Innovative encapsulation methods for
Concentrated Photo Voltaic (CPV) receivers. Our aim is to develop a method whereby the
costs of the receivers will be reduced dramatically. In the state of the art, general packaging
technologies are lacking new innovations compared to front end (die) development (More
Moore investments). On the other hand packaging is become much more important due to
the need of specific packaging solutions for the More than Moore roadmap, use of advanced
materials and the increase of packaging costs. For nowadays advanced packages packaging
represents often already more than 50% of the costs. CPV is a new technology domain with
potential to compete with PV technologies in the future. One of the major drivers is costs.
Our effort is focused to realize a breakthrough in costs for CPV packaging. Nowadays very
expensive materials are used to package the CPV-cells, i.e. ceramic carriers, very expensive
dam-fill materials, etc. In BTE’s solution we will develop a new innovative technology which
will not use these materials and at the same time use as much as possible semiconductor
assembly technologies to increase productivity. It is expected that, after successful
completion, we can reduce the packaging costs with a factor 2 (at least) and reduce needed
investment with a factor 10.

Key Staff Members Profile

T. (Ton) van Weelden (1947) MSc in Mechanical Engineering. Vice President Product
Management and Process Research. 18 years with Philips Electronics in the semiconductor
field. From 1994-2000 Vice president of BDM Netherlands, part of ESEC Switzerland.
Boschman acquired BDM in 2000. Ton is one of the founding fathers of the Film Assisted
Molding technology and is an internationally reputed expert in this field.

Dr. Lingen Wang (1974) Bachelor of Science in Mechanical Engineering, Master of
Science in Mechanical Engineering and Ph.D Department of Precision and Microsystems
Engineering, Delft University. Lingen is working as research engineer at Boschman
Technologies B.V.
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34. Enecsys (ENECSYS)
Organisation profile

Enecsys are developing Solar PV micro-inverters. The Enecsys micro-inverter, installed
on the rack at the back of each solar module, offers a unique and excellent value proposition
compared to conventional string or central inverters. Benefits include significantly increased
energy harvest and lower lifetime cost of solar photovoltaic systems, increased inverter
reliability to match the life of solar modules, comprehensive web-based monitoring and a
communications system that analyzes and reports the performance of each solar module
within the PV array to enable system performance optimization, simplification of PV array
design, ease of installation, and improved safety.

Enecsys Limited, was founded in 2003 and is headquartered in Cambridge UK. The
Company develops, manufactures and markets innovative grid-connected micro-inverters for
solar photovoltaic systems in residential and commercial applications. The patented
technology was originally developed at Cambridge University.

Main role in the project

Enecsys is focussed on developing micro-inverters products. Enecsys will continue to
develop explore novel circuit topologies for a range of solar PV technologies including CPV.
Drivers for the design will be overall weighted efficiency (Euro), cost and lifetime. As part of
the design process Enecsys will evaluate the latest development in power semiconductor
devices including new Si and GaN devices and where feasible incorporate into the designs.
Enecsys will also focus its efforts on the use of ASICs to try to simplify and reduce cost of the
micro-inverters. Enecsys will attempt to work with partners in creation of such ASICs. The
project will also entail exploring new algorithms for MPPT. In addition Enecsys will evaluate
the latest advances in monitoring and where possible use the most appropriate methods for
the newly developed micro-inverter.

Key Staff Members Profile

Dr. Asim Mumtaz received his degree in Electronics Engineering from the University of
Durham. He received his MPhil and Ph.D. from the Department of Engineering at the
University of Cambridge. He is currently working as Principle Engineer at Enecsys Limited,
where he is focussing on product development.
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35. University of Sheffield (USFD)
Organisation profile

This work will be carried out within the department of Electronic and Electrical
Engineering (EEE), which is one of the top rated departments in the UK. It undertakes
fundamental and applied research across four vibrant groups: Communications, Vision and
Information Engineering, Electrical Machines and Drives and Semiconductor Materials and
Devices. State-of-the-art clean rooms for growth, fabrication and characterisation are
available in the department. The University hosts a Doctoral Training Centre in Energy and is
also part of the Centre for Low Carbon Futures (CLCF) to promote leading research in low
carbon technologies and policy across the Yorkshire Universities. Solar Cell simulators are
available within the group of the PI (MMS) for characterisation of cell performance and
stability. Commercial TCAD tools are available for design of solar cells and correlation of
experiment with theory.

Main role in the project

Sheffield will investigate the junction between antireflection layers and the underlying p-
silicon to enhance light trapping in thin film solar cells. Moreover, solar cells after the initial
few hours of “burn-in” and in long term field conditions suffer from degradation of
performance which results in a reduction of efficiency. This amounts to considerable loss of
efficiency when evaluated on a global scale. We will therefore investigate the stability using
automated long term stress at constant temperatures using our solar simulator. The
underlying causes of degradation will be delineated via a combination of electrical and
physical characterization, together with TCAD simulations. Methods to overcome stability will
be explored.

Key Staff Members Profile

Prof. Maria Merlyne De Souza (MMS) FInstP, FIET holds a Chair in Microelectronics at
the EEE department, University of Sheffield since ‘07. She received a BSc (Physics, Maths)
from University of Bombay (‘85), B.Eng (Electrical and Communications Engineering) IISc,
Bangalore (‘88) and Ph.D from Cambridge University Engineering Department ('94). She has
authored over 175 articles in multidisciplinary research cross-spanning technology, materials
and physics. She has served on the editorial board of “Microelectronics Reliability” (2001-
2006), IEEE-IRPS 2003-09, ESREF 2008 and is Associate Editor of IEEE-transaction
Nanotechnology 2009. She has been reviewer/panel member for the European Science
Foundation (08-)and the Finnish Academy of Sciences. In summer 2008, she was an Invited
Fellow of the AIST (Advanced Industrial Science and Technology) Institute, Tsukuba Japan.
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8.3 Consortium as awhole

To achieve the goals of the project, the composition of the consortium has been defined
with the purpose of bringing the complementary backgrounds and specific know-how in solar
energy supply chain (energy efficiency, silicon process and integrations, design solutions and
last but not least application) and related topics. All Partners have strong interest in the field
and are committed in carrying out the activities of the project, each of them with a clear role
to achieve sound technology solutions and exploitable products.

The ERG Consortium consists of a total of 27 distinct Partners, located in 8 different
countries: 8 are wide-body industries, 9 are SMEs, 4 are leading-edge research institutes
and 12 are universities with extraordinary scientific and technological records in the energy
efficiency field.

The ERG Partners have experience, know-how and business interests in
complementary areas and missions, ranging from semiconductor manufacturing to circuits
and systems design as well as system integration, from energy applications vendor to
research in the energy harvesting and distribution domain.

Most of the ERG Partners have previously worked together on several European
projects of different nature and sizes, from the previous ENIAC call 1 and 2 (MODERN, CSI,
LASTPower and END) and including RTD projects (DOUBLENANOMEN, NANOGOLD,
HYPOMAP, MetaPV, APOLLON, MOLESOL, SMARTOP, EPHOCELL, THERMINATOR,
CLEAN), training projects, thematic networks and Marie Curie Actions (COMSON , MANON,
SYMTECO, SeemPubs, PROPHET, NANOLAPS, PAGALINNET), demonstrating the
capabilities of the ERG Partners of carrying out projects of European dimension, as well as
their positive attitude to collaborative work and interaction with Partners on different types of
activities, ranging from RTD to training, from dissemination to coordination. In many cases,
the Partners of the ERG Consortium have acted as project coordinators; as such, they are
well aware of execution and management policies of EU-funded projects; this is a key
insurance policy to a happy end of the ERG project.

The table below combined with the summary of the effort breakdown, immediately after,
show how the synergies and competences are well combined and deployed into the work
plan.

Role and Mission Competence and Expertise
Partic. short energy o
,  EE Semiconductor <l slcol Application
o System vendor < > | process 0
S el e integrator Sl =2 |and el c 5
; i & 5.0 i =
_g E provider 0 28 | integration demonstration %2
[ > ) < i -
o = 04 L 1l [a N}
! X X X X X X
(C) | ST Ic
AMAT X X X X X X
2 ITALIA Ic
3 COMPEL Ic X X X X X
4 IUNET ac X X X X X
X X X
5 POLITO ac
6 UNIBO ac X X X X
7 UNICAL ac X X X X
X X X
8 UNICT ac
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9 CNR rc X
10 | ELETTRA | rc X X
11 | ONSEMI-B | Ic X X X X X
sm
14 | STIAG e X X X X
15 | TEL Ic X X X X
16 | FHIIS re X X X
17 | RWTH ac X X X X
18 | IFAG Ic X X X X X
19 | SMA Ic X X X
20 TUC ac X X X X
21 | LEITAT re X X X X
22 | STUBA ac
”s (F;OWERTE Zm < < < .
25 | sPrR o X X X
26 NTI-UCC ac X X X
27 | nxp Ic X X X X
sm
31 | BTE e X X X
sm
34 | ENECSYS | e X X
35 UoS ac X X
Effort per type of organisation Summary
Total
TOTAL EFFORT WP1 | WP2 | WP3 WP4 WPM1 | WPM2 | person
months
Academies 286 70 129 145 14 11 655
Large companies 186 378 591 100 46 21 1322
SME 122 215 131 0 11 6 485
Research institutes 137 10 44 10 6 5 212
731 673 895 255 77 43 2674

The effort has been split in the various work packages taking in consideration the

objectives to be delivered according the long last experience of each partner in evaluating
the work necessities for each task.

Each work package requires in depth research, in order to review and build up the

knowledge which is needed for the success in the worldwide competition. For example in
WP3 a complete supply chain for energy conversion is needed, starting from new
architectures, based on academic research. New ideas require basic investigations of
technological implementations, including experiments in actual and upcoming semiconductor
technologies. As experiments never are going straight forward there will be iterations and
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investigations of new solutions to fix upcoming bottlenecks. After preparation of functional
blocks complex integration tasks in hardware are necessary for preparation of the future
industrialisation, always with focus on effectivity and balanced economy. The work package
will end with industrial-like demonstrators which can present advanced technological results
close to every-day usage. This complexity is requiring intensive cooperation in the chain from
research over semiconductor industry to system partners, under control of market leaders
with deep production background.

We consider very important to bring the attention of the reader on the considerable effort
sustained by SMEs as shown in the chart below

The applicative nature of the project is proven by the fact that 75% percent of the
effort is carried out by commercial organisation supported by 25% of research organisations.
The academic component of the lat shall secure an immediate feedback of the project results
into the training of next generation researchers and designers that will be ready to assess the
immediate future markets.

The specific fields of competence of the partners are not overlapping. The effort table
shows very clearly that the execution of the ERG project really entails a tight collaboration
between the various partners, as there is no task which is participated only by a single
partner. This strong synergy between the partners distinguishes the ERG project from many
other application projects, in which each partner is responsible for its own share of work, to
be performed almost in a stand-alone fashion. Consortium cohesion and unity of intents
represent the true added value of carrying a project of European dimension, as in the case of
ERG.

Total Effort per Country

WP1 WP2 WP3 WP4 WPM1 WPM2 Total person
Country months
I 431 326 28 245 46 22 1098
B 0 122 0 0 4 2 128
D 0 0 777 0 10 10 794
ES 24 10 0 10 2 2 48
IR 96 0 21 0 2 2 121
NL 50 0 69 0 7 3 129
SK 98 98 0 0 2 2 200
UK 32 117 0 0 4 3 156
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Effort per Country

UK; 156; 6%

NL; 129; 5%
IR; 121; 5% ol
SK; 200; 7% 8
N I; 1098; 40% obp
ES; 48; 2%
OES
B SK
=R
B NL
D; 794: 30% B: 128; 5% B UK

The percentages reflect the industrial commitment of the various countries and
governments into the present ENIAC SP objectives. Special case is the outstanding
involvement of Ireland into the project compared to the industry deployment in the country.

8.3.1 Third parties

The “Consorzio Nazionale Interuniversitario per la Nanoelettronica” (IUNET, Italian
Universities Nano-Electronics Team) is a non-profit, private Organization, aimed to lead and
to coordinate the efforts of the major Italian university teams in the field of silicon-based
Nano-electronic device modeling and characterization. Current members of IUNET are the
University of Bologna, Calabria, Ferrara, Modena e Reggio Emilia, Padova, Pisa, Roma
“Sapienza”, Udine, and the Politecnico of Milano. As such it qualifies as “Grouping” under the
definition given in Article 11.14.2.B of the “Guide to Financial Issues relating to FP7 Indirect
Actions”, and therefore as third party carrying out part of work and entitled to funding, since it
can be considered among: “associations, federations, or other legal entities composed of
members (in this case, the Grouping is the beneficiary and the members contributing to the
project should be listed).”

The partners of IUNET involved in ERG are the following: Universita di Bologna,
Universita di Modena e Reggio Emilia, Universita di Padova, Universita di Pisa, Universita di
Roma “Sapienza”.

The specific competences and expertise brought to the project are related to modelling,
simulation and characterization of device performance and assessment of the technology
reliability, and is testified by the very large number of relevant papers published in
international journals and the long-standing collaboration with leading industries in the field.

Allocation of Person-months among the IUNET partners:

WPM1+WPM
WP1 WP2 WP4 2 TOTAL
IUNET 4 4
Universita di
Bologna 33 33
Universita di
Modena e Reggio 14 14
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Emilia

Universita di
Padova 24 24

Universita di Roma
“Sapienza” 33 33

Universita di Pisa 14

TOTAL 90 14 14 4 122

Allocation of budget among the IUNET partners (in euro):

WP1 WP2 WP4 TOTAL
IUNET 0
Universita di Bologna 240000 240000
Universita di Modena e
Reggio Emilia 120000 120000
Universita di Padova 180000 180000
Universita di Roma
“Sapienza” 240000 240000
Universita di Pisa 120000 120000
TOTAL 660000 120000 120000 900000

8.3.2 Subcontractors

As shown in the table in the section 8.4, out of the € 25.711.684 of costs of the project €
174.000 ( this is less than 0,7% of the total costs).

Of this sum the largest amount of € 165.000 has been budgeted from AMAT ITALIA to
outsource some very specialist activities necessary to the project researches. These
activities cannot be carried on by any of the partners for confidentiality reasons and for the
existing mutual knowledge and equipment-specific know how.

D&C

Design and Consulting Srl

Largo San Giorgio 21

30033 Noale - Venezia

It deals with the design of 360° Machinery, Equipment, Automation Systems, Scientific
Research, developing studies, special assemblies, testing, calculations, simulations, FEM
analysis and in general everything relating to project activities. AMAT is using the support of

D&C to refine the design of equipment elements and for the design of non-mission critical
parts such as part of the frames.

EUROGROUP
EUROGROUP S.P.A.
Via Treviso, 66 31057 Silea (Treviso) Italy

EUROGROUP s.p.a. was established in 1966 as a company specialized in the
manufacture and repair of electrical installations. EUROGROUP is concerned with contract,
integrated security systems, electrical, audio and video systems, automation on board,
remote control, industrial software, and telecommunications and data networks. AMAT is
using the support of EUROGROUP to realize the electrical systems on part of its equipments
based on AMAT design and specifications.
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8.4 Resources to be committed

The resources to be committed in the ERG project have been carefully planned since
the early stage of the project proposal, targeting a big-scale/high-impact size, suitable to
push forward the state of the art in solar energy technology and to aggressively exploit the
market. During the setup of the project, we aimed to give to all partners the required level of
resources for ensuring a high quality of work.

An indicative budget for the project is € 25.711.684,00 as total eligible cost with an
indicative funding budget of € 12.432.379,00 (almost 50% of eligible cost).

Partic Durabl Sub
Partic. short. Personne Travel |© Consu |(Categor |Indirect Total
no. I Equip |mables |y X) costs contract | ¢sts
name ing
ment
1(C) |ST  |1.579.200 631.200 789.600 3.000.000
2 AMAT 165500  [40.000 [+2990 |40.000 222.000 |165.000 |1.500.000
ITALIA 0
3 ESMP 550.000 |12.500 |70.000 |262.500 179.000 1.074.000
4 IUNET |566.667 30.000 |20.000 283.333 900.001
5 (F;O"'T 600.000 300.000 900.000
6 UNIBO | 280.000 40.000 |40.000 140.000 500.000
7 EN'CA 296.000 |29.500 |36.000 |51.697 88.800 501.997
8 UNICT | 200.000 20.000 |10.000 70.000 300.000
9 CNR  |267.231 |30.000 310'00 60.000 133.615 600.848
10 E'AETT 210.000 |15.000 |5.000 |5.000 65.000 300.000
11 3'?_‘3'5 1.111.501 666.900 222.300 2.000.701
14 |STIAG |383.000 |3.000 |9.000 |4.950 380.800 780.750
1.717.49
15 |TEL  |1.244.908 |16.700 319.200 21.704.0 3.298.300
15
FRAU
16 |NHOF |252.807 |7.840 289.263 550.000
ER
17 |RWTH |244.863 |10.000 |31.180 |2.950 288.993
18 |IFAG |3.238.565 150.022 3.388.587
19 |SMA |1.212.300 |7.500 7.500 1.227.300
20 |TuCc |172.000 |6.750 |2.400 |17.200 198.350
21 #E'TA 182.400 |17.460 |12.000 |40.000 9.000 |260.860
22 |STUBA|195.000 |15.000 30.000 60.000 300.000
POWE
23 |FOWE 1188.000 |12.000 40.000 60.000 300.000
25  |SPR  |300.000 |12.000 45.000 107.100 464.100
26 ITy”da' 229.033 |40.000 [4.000 [71.020 103.216 447269
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27 NXP 1.079.100 105.000 1.184.100
31 BTE 469.000 17.751 |50.000 |18.000 |234.500 |15.000 |804.251
34 \E(';ECS 550.000 20.500 10.000 580.500
35 USFD |35.000 5.000 20.000 60.000
TOTA 16.518.16 552.13 |1.998.42 5.432.54 25.711.68
L 4 316.012 6 7 > 189.000 4,00
Effort and cost table per country
Country Effort Total costs
I 1098 9.576.846
B 128 2.000.701
IR 121 911.369
ES 48 260.860
SK 200 600.000
UK 156 640.500
D 794 9.733.057
NL 129 1.988.351
TOT 2674 25.711.684

A total of 27 participants coming from ten EU Countries (all ENIAC Member States) are
represented in the ERG consortium (ltaly, Germany, Belgium, Spain, The Netherlands, UK,
Ireland, Slovak Republic).

It is clear that the major effort is made in term of human resources necessary to execute
all researches and developments to achieve the ambition project objectives. The cost of the
personnel is more than 72% of the project costs if you include also Other costs.

Cost table per country

Cou | Personnel | Travel | Durable | Consuma | Other Indirect Sub Total cost
ntry Equipme | bles direct costs contracti
nt costs ng

5.431.598 | 127.00 |461.000 |1.120.397 |0 2.271.848 | 165.000 | 9.576.846
I 0
B 1.111.501 [0 0 0 666.900 | 222.300 0 2.000.701
IR 529.023 52.000 | 4.000 116.020 0 210.316 0 911.369
ES [182.400 17.460 | 12.000 20.000 20.000 0 9.000 260.860
SK [383.000 27.000 |0 70.000 0 120.000 0 600.000
UK | 585.000 25.500 [0 30.000 0 0 0 640.500
D 6.747.532 | 67.052 | 57.385 487.010 0 2.374.078 [ O 9.733.057
NL ]1.548.100 | O 17.751 155.000 18.000 234.500 15.000 1.988.351
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Equipments

The partners are spending only 1% of the total costs in durable equipments i.e. €
549.956 so split: some optical instrumentation for electro-optical measurements, and
microanalysis tools for electron microscopy or upgrade of the ICP-CVD equipment, some
computer to build an ad-hoc cluster of machines for the implementation of the optimization
algorithms, close-field probes for EMC, some instrumentation for the creation of a specific
setup for the efficiency analysis of an innovative process for battery charging, 4 points probe
GPSolar (contact resistance), IQE (Internal Quantum Efficiency).

Consumables

A total amount of 2.145.155 €, which represent 6% of the costs budget is necessary for
the rental of some software licenses and to build demonstrators and prototypes.

NXP foresees silicon trial runs (Multi projects wafers) of 35K each.

SPR intend to spend for dye € 15.000, substrates € 5.000, nanomaterials € 15.000,

Chemicals € 10.000, as the essential materials and consumables required for the fabrication
of DSSC. Such consumables have a high unit cost when bought in non-bulk quantities.

IFAG intends to buy a set of masks IGBT 9k€, wafer 46 k€, SiC Epi 45 k€, Modules 5k€,

consumables for reliability tests 12 k€, evaluation boards 17 k€, consumables for test
equipment improvements 16 k€.

Some costs are due for lab materials or the Consumables will be Spare parts for
electrical benches, for laser and for a diffractometer.

Within the consumables are also foreseen Costs of solar panels, electrical and
mechanical components for research and development and Components electrical,
Components mechanical, Powerstack (>1MW), PCB, Stencil, Mechanical design.

Other costs

The Spanish partners allocated in the Other Costs the money to pay the dissemination
costs and AENEAS fees, but the most significant figure in this category is the 661k€ foreseen
by the Belgian partner ONSEMI-B as “maximal 60% of Personnel Cost” allowed by the
Belgian government.

130



Priloha 3

Specifikacia projektu spolo¢ného podniku

A. 1 Zakladné informacie o projekte

Nézov projektu

Energia pre zelenu spolocnost’: Od trvalého ziskavania
energie Kk jej SMART distribtcii. Pristroje, materialy,
navrhové rieSenia a ich aplikacie

Akronym projektu

ERG
Odbor vyskumu a vyvoja" 20207 Mikroelektronika
Charakter projektu Aplikovany vyskum a vyvoj

Doba riesenia projektu

Od: 01.06.2011

Do: 31.05.2014

Celkové naklady na projekt
(v EUR)

300 000 EUR

Vyska spolufinancovania
projektu z prostriedkov
MSVVaS SR

(v EUR)

99 900 EUR

Podiel spolufinancovania

z prostriedkov statneho
rozpoctu Slovenske;j
republiky na celkovych
opravnenych nékladoch (v %)

33,3%

Zodpovedny riesitel’ projektu
(meno, priezvisko, tituly, ¢.
telefonu, e-mail)

Ing. Martin Donoval, PhD.

A. 2 Zodpovedna organizacia

Nazov organizacie

Zakladné udaje o zodpovednej organizacii

POWERTEC s.r.0.

Skrateny nazov

POWERTEC

! Podl'a smernice ¢.27/2006-R z 21. decembra 2006 o0 stistave odborov vedy a techniky a &iselniku odborov vedy

a techniky



Adresa Drotarska 6385/19a
811 04 Bratislava
Slovensko

Samospravny kraj Bratislavsky

ICO 44547056

Prislusnost’ k rezortu Bez prislusnosti

Typ organizacie Spolo¢nost’ s ru¢enim obmedzenym

Odvetvie podla OKEC 71121

(odvetvova klasifikacia

ekonomickych ¢innosti)

Statutarny zastupca

(meno, priezvisko, tituly) Martin Donoval, Ing. PhD.

A. 3 Zoznam rieSitel’ov

Zoznam riesitel'ov priamo sa podiel’ajucich na rieSeni projektu

Meno a Tituly Pracovné Datum | ICO Pocet Podpis*
priezvisko zaradenie naroden | organizacie | hodin
ia
Projektovy
koordinator,
Martin Donoval Ing., manazér " | 44547056 1500
PhD. , ,
vyskumnych
aktivit
Doc. Veduci _
Jan Jakabovic¢ Ing., vyskumny 44547056 3000
PhD. pracovnik
In Veduci skupiny .
Martin Dafticek Ph%’ aplikovaného 44547056 1500
' vyskumu
FrantiSek InZinier
. Ing. aplikovaného 44547056 1500
Horinek ,
vyskumu
Inzinier
Lubomir Sladek Ing. aplikovaného 44547056 1500
vyskumu
e Produktovy
Drahomir Durina Ing. e 44547056 1000
inzinier
Néavrhar
Martin Jagelka Bc. elektronicleych 44547056 1500
obvodov a
systémov




%

e Ja vysSie podpisany v zmysle zdkona ¢. 428/2002 Z. z. o ochrane osobnych udajov,
stuhlasim so spracovanim osobnych udajov Ministerstvom Skolstva, vedy, vyskumu a
Sportu SR pocas doby archivacie tdajov a to v rozsahu uvedenom v zmluve. Zaroven sa
zaviazujem, ze pri akejkol'vek zmene udajov uvedenych v zmluve budem informovat
Ministerstvo $kolstva, vedy, vyskumu a Sportu SR 0 tychto zmenach a to v lehote do 30
dni. Osobné tidaje mézu byt spracovavané a archivované najviac po dobu 10 rokov po
skonceni poskytovania prostriedkov Statneho rozpoctu Slovenskej republiky.

A.4 Zoznam rieSitel’ov

Ostatni rieSitelia Celkovy pocet ostatnych osob
5
Stihrnna kapacita ostatnych oséb
v hodinach 6000
Spolu Celkovy pocet zamestnancov
12
Sthrnna kapacita zamestnancov
v hodinach 17500

B. Ciele, harmonogram a vystupy projektu

Anotacia projektu
Uvedeny projekt je rieSeny v ramci eurdpskeho technologického podniku ENIAC a sprava sa podla
Nariadenia Rady (ES) ¢. 72/2008 z 20. Decembra 2008, ktorym sa zaklada spolo¢ny podnik ENIAC a
Statatu spolo¢ného podniku ENIAC, ktory je prilohou tohto Nariadenia. STU Bratislava je
spoluriesitel'om projektu, ktorého koordindtorom je ST Microelectronics s.r.1. Taliansko.
Aplikovany vyskum v projekte ERG je orientovany na soldrnu energiu, zacinajuc inovativnymi
solarnymi ¢ldnkami a metddami premeny solarnej energie na elektricki s vysokou tuc¢innost'ou
a efektivneho manazovania distribicie energie v ,,smart™ sietach pre rézne aplikacie konciac.
Predmetom vyskumu budu optimalizacné metddy extrakcie energie z anorganickych fotovoltaickych
¢lankov na baze monokrystalického Si a heteroStruktir Sirokopasmovych polovodiov. V stcasnosti
sa pri extrakcii a prenose energie vyuzivaju ,.koncentrované® elektrické menice. Niekol'’ko panelov je
spojenych do série s ucelom vytvorenia pozadované¢ho napétia. Takéto vetvy su nasledovne navzdjom
prepajané paralelne. Za nasledné vykonové riadenie ,power-management“ zodpovedny
centralizovany meni¢. V ramci problematiky sa bude vyskum zaoberat navrhom a integraciou
inteligentného modulu s implementovanou konverziou a riadenia napétia pre jednotlivé fotovoltaické
bunky. Vzhl'adom na nizky vykon takychto buniek bude potrebny navrh inovativnych integrovanych
obvodov a systémoVv schopnych efektivneho riadenia jednotlivych buniek na vel'mi nizkej vykonovej
urovni.
Pocas projektu budi navrhnuté inteligentné riadiace jednotky, schopné zvySovania efektivnosti
konverzie a prenosu vystupného vykonu fotovoltaickych panelov. Budi vyvijané nové vykonové
a diagnostické prvky ako na urovni polovodi¢ovych prvkov, tak i na trovni navrhu elektronickych
a integrovanych obvodov.




Budeme sa venovat’ priamej diagnostike fotovoltaickych panelov, d’alsSiemu DC/DC konverzii priamo
na paneloch a tvorbe algoritmov a prvkov na monitorovanie funk¢énosti inovaénych rieSeni.
Konzorcium partnerov zucastnenych na rieSeni projektu ERG pre dosiahnutie stanovenych cielov
bude vyuzivat komplementdrne metddy, procesy a expertizu rieSitelov. Komplexny pristup
k vyskumu bude kombinovat’ vyskum v oblasti modelovania, navrhu a technologickych procesov s ich
optimalizaciou vyuzitim vysledkov komplexnych charakterizacnych metod a technik

Findlnym cielom projektu je uplatnenie inovativnych a optimalizovanych rieSeni a technologii pri
vyvoji novych procesov a produktov, vratane fotovoltaickych ¢lankov, novych konverznych systémov
pre fotovoltaické invertory aich vybranymi aplikdciami pre domadcnosti, resp. industridlnymi
aplikéciami partnermi v ramci konzorcia.

KPuacéové slova

Solarne ¢lanky, Struktary aSi:H na monokrystalickom Si, tandemové fotovoltaické ¢lanky, moduly na
riadenie premeny energie, DC/DC konvertory, ,,smart junction box*, ,, MPPT — maximum power point
tracking®, ,,smart siete, progresivne analytické, diagnostické a riadiace metody fotovoltaickych
buniek, FVE &lankov

Ciele projektu

Hlavnym cielom projektu ERG je hladanie komplexnych inovativnych rieSeni pre vyskum a vyvoj
novych fotovoltaickych  (soldrnych) ¢lankov  vyuzitim heteroStruktar na baze aSi:H
a Sirokopasmovych polovodic¢ov na monokrystalickom Si spolu s inovativnymi technikami na ziskanie
energie, elektronickych rieseni a modulov pre efektivnu premenu svetelnej na elektrickl energiu a jej
naslednu distribuciu v ,,smart* siet’ach s aplikaciami pre domécnosti alebo industridlne vyuZitie.

V ramci vyskumu fotovoltaickych ¢lankov bude naSim cielom vyvoj ndvrh a testovanie modernych
diagnostickych ariadiacich systémov fotovoltaickych buniek, spojenych do panelov s cielom
vyskumu zabezpecit' priamu analyzu kazdej bunky na baze vel'mi nizkej vykonovej spotreby,
integrovatelnych s jednotlivymi FV bunkami, vytvorenymi na rdéznych bazach polovodicov
S Ciasto¢ne odliSnymi vlastnostami. Systém prispeje ku optimalizacii vystupného vykonu pri plnom
oziareni a bude schopny riadit’ kazdu nezavislia FV bunku.

Pocas riesenia projektu bude vysetrovany spdsob komunikécie cez napdt'ovu vetvu s cielom zvySenia
energetickej efektivnosti a spolahlivosti. Predmetom analyz bude d’alSie vylepSenie architektiry,
vhodného na riadenie stabilného prudového vystupu.

Aplikacia rozvijanych metdd a systémov spolu s vyuzitim pripravenych fotovoltaickych Struktur
aprvkov na baze navrhnutych technologickych procesov pripravy inovativnych fotovoltaickych
¢lankov je d’al§im dolezitym ciel'om rieSenia projektu.

Harmonogram rieSenia projektu

Nazov etapy Zaciatok Koniec

Analyza systému, priprava
simulacii modelov 06/2011 12/2011

Specifikacia poziadaviek 01/2012 8/2012
systému, navrh a simulécia
analyticko-diagnostickych
modelov

Navrh blokov ,,smart box*, S
energeticky uspornymi 01/2012 12/2012
rieSeniami

Realizacia a simulacia




energeticky efektivnych
riadiacich elektronickych
obvodov

06/2012

12/2012

Analyza integrovatel'nosti
blokov, priprava pre integraciu
modulu ,,smart box*

01/2013

05/2013

Implementacia aplikacnych
obvodov v ramci FV buniek

01/2013

09/2013

Integracia efektivnych obvodov,
priprava pre testovanie
kompatibility modulov a FV
buniek

01/2013

12/2013

Navrh realizacie demonsStratora

08/2013

12/2013

Test integracnej kompatibility
a dlhodobej funkénosti
integrovanych blokov

01/2014

05/2014

Optimalizécia energetickej
naro¢nosti modulov, testovanie
priemyselnej odolnosti

01/2014

05/2014

Priprava demonStratora, overenie

elektrickych vlastnosti

01/2014

05/2014

Prezentécia dosiahnutych
vysledkov, vyuzitie a ochrana
duSevného vlastnictva

Pocas celého projektu

Pocas celého projektu

Ocakavané vystupy rieSenia

Kategoria Vystupy

Rok Rok
2011 2012

Rok
2013

Rok
2014

Rok
2015

Publikacie

Publikacie v
recenzovanych 1
vedeckych ¢asopisoch

a zbornikoch konferencii

Aplika¢né vystupy

Navrh modelu ,,smart* 1
vykonového systému pre
FV a jeho optimalizacia

Finalizéacia funkénych
testovacich blokov

Overenie vlastnosti 1
modelu a systému

Vzdelavanie
a popularizacia vedy
a techniky

Pocet diplomantov,
ktorych prace suviseli 2 2
S rieSenym projektom

Pocet doktorandov,
ktorych prace suviseli 2 2
S rieSenym projektom

Popularizac¢né aktivity -
prezentacia vysledkov na 1
vystave (napr. tyzden
slovenskej vedy)

Pridana hodnota

Vytvorené partnerstvo




rieSeného projektu medzi akademickym 1 1
vyskumu a vyvoja a podnikatel'skym
sektorom

Vyvolané projekty 1
vyskumu a vyvoja

C. Rozpocet projektu \

Rozpocet projektu pre zodpovednu organizaciu (v EUR)

Rok 2011 2012 2013 2014 Suma
R 15920 28000 25600 10400 79920
Mzdové nklady 10408 17978 16505 7279 52170
Zdravotné a socialne

oistenie 2082 3596 3301 1456 10434
Cestovné vydavky 433 1765 1465 333 3996
Material 1000 2000 2000 600 5600
Odpisy 0 0 0 0 0
Sluzby 1997 2662 2329 732 7720
Energie, vodné, stocné a

komunikacie 0 0 0 0 0
A T g D 3980 7000 6400 2600 19980
naklady

e 19900 35000 32000 13000 99900
Kapitalové vydavky 0 0 0 0 0
Vyska

spolufinancovania 19900 35000 32000 13000 99900
prgjektuvz prostriedkov

M$VVa$ SR (v EUR)

Vyska vlastnych

prostriedkov FiadatePa 29900 52250 48500 19250 | 150000




D.Cestné vyhlasenie Statutarneho zastupcu Zodpovedna organizicia

Ja, dole podpisany/a Ing. Martin Donoval, PhD., Statutarny zastupca zaviazne vyhlasujem, ze:

Vsetky udaje obsiahnuté v dokumentacii projektu st pravdivé

Projekt bude realizovany v zmysle predlozeného obsahu

Zodpovedna organizacia suhlasi s pravidelnou finan¢nou kontrolou projektu
Zodpovedna organizicia bude archivovat' vSetky ucétovné dokumenty suvisiace
s realizaciou projektu po dobu 5 rokov po skoncéeni jeho spolufinancovania
Ministerstvom §kolstva, vedy, vyskumu a $portu SR

Dévam stihlas na vykon kontroly prislusnym kontrolnym organom MSVVa$S SR
Zodpovedna organizacia bude dodrziavat' legislativu Eurdpskej unie a platna
legislativu SR

Som si vedomy moznych nasledkov a sankcii, ktor¢ vyplyvaji zuvedenia nepravdivych
alebo neuplnych udajov. Zavdzujem sa bezodkladne pisomne informovat’ o vSetkych
zmenach, ktoré sa tykaji uvedenych udajov a skuto¢nosti.

Podpis statutarneho zastupcu prijemcu a peciatka

Miesto: Bratislava

Datum:
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Rozpis celkovych prostriedkov Statneho rozpoc¢tu Slovenskej republiky na financovanie
opravnenych nakladov projektu spolocného podniku v jednotlivych rozpoctovych
rokoch jeho riesenia (v EUR)

Deii/mesiac/rok 1/6/-31/12/ 1/1-31/5/
2011 2012 2013 2014

vyska

prostriedkov 19 900 35000 32 000 13 000

v EUR

Podpis Statutarneho zastupcu prijemcu a peciatka

Miesto: Bratislava

Datum:
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