Rozhodnuti
o poskytnuti institucionalni podpory

Ministerstvo Skolstvi, mladeze a télovychovy }
se sidlem: Karmelitska 7, 118 12 Praha 1 — Mala Strana, ICO: 00022985

(dale jen ,poskytovatel™)

vydava podle ustanoveni § 3 odst. 3 pism. b) bod 3., § 4 odst. 2 pism. b) a § 9 odst. 6
pism. c) zakona ¢&. 130/2002 Sb., o podpofe vyzkumu, experimentalniho vyvoje a inovaci
z vefejnych prostiedkil a o zméné nékterych souvisejicich zdkonl (zdkon o podpore
vyzkumu, experimentalniho vyvoje a inovaci), ve znéni pozdéjsich piedpisi,

ve prospéch prijemce:

Univerzita Karlova v Praze

1C: 216208

pravni forma: verejna vysoka Skola

se sidlem: Ovocny trh 3-5, 116 36 Praha 1
bankovni spojeni: 94-61023011/0710

(dale jen ,pFijemce")

toto rozhodnuti o poskytnuti institucionélini podpory formou dotace z vydajl statniho
rozpottu na vyzkum, vyvoj a inovace na podporu projektu mezinarodni spoluprace ve
vyzkumu a vyvoji s ndzvem:

Nova generace vrstev, kvantovych jam a nanodratii InGaN deponovanych na
vicinalnich substratech GaN pro optoelektroniku a fotovoltaiku

a identifika¢nim kodem: 8F15002

Clanek 1
Projekt

1) Predmétem poskytnuté instituciondini podpory je podpora Géasti piijemce v projektu
mezinarodni spolupréce ve vyzkumu a vyvoji s ndzvem ,Nova generace vrstey,
kvantovych jam a nanodratd InGaN deponovanych na vicinalnich substratech GaN pro
optoelektroniku a fotovoltaiku®, podpofeném v réamci vyzvy Makroregiondini
spoluprace ve vyzkumu, vyvoji a inovacich - Visegradska skupina a Japonsko.

2) Predmét, rozsah, cile a predpoklddané vysledky fedeni projektu, véetn& zplsobu
ovéreni jejich dosazeni, jsou uvedeny v Ptiloze &. 1. tohoto rozhodnuti, v souladu s niz
bude reSeni projektu probihat.

3) Fyzickou osobou odpovédnou prijemci za odbornou Uroven feSeni projektu, ti.
resitelem, je prof. RNDr. Vaclav Holy, CSc.

4) Projekt bude feden ode dne 1. fijna 2015 do dne 31. prosince 2018, tj. po dobu
39 kalendafnich mésicl.

5) Povinnosti pfijemce k Feseni projektu jsou spinény dnem schvaleni zédvérecdné zpravy
o FeSeni projektu.
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Clanek 2
Uznané naklady projektu

Celkové vy$e uznanych nakladl projektu stanovena v souladu s Pfilohou ¢. II tohoto
rozhodnuti ¢ini 125.000,- EUR (slovy stodvacetpéttisic euro). Jejich dil¢i skladba je
uvedena v Priloze &. 11 tohoto rozhodnuti.

Uznanymi naklady projektu se rozumi zplisobilé naklady projektu, které poskytovatel
schvalil jako naklady nutné k realizaci projektu, které budou vynalozeny béhem jeho
feseni, budou dolozeny prilkaznymi doklady, budou pfiméfené obvyklym podminkam
v organizaci pfijemce a budou vynaloZeny Uéelng, efektivné a hospodarné.

Institucionaini podpora je poskytovéna i na Uhradu t&ch uznanych néakladt projektu,
které prijemce vynaloZil ode dne zahajeni feSeni projektu do dne nabyti pravni moci
a ucinnosti tohoto rozhodnuti, za podminky, Ze tyto uznané naklady byly vynaloZzeny
v souladu s Pfilohou €. 1T tohoto rozhodnuti na ¢innosti, na kterych se pfijemce podili,
a soucasné v souladu s jejich casovym urcenim.

Do uznanych naklad{ projektu nelze zahrnout pfedevéim zisk, dafi z pfidané hodnoty
(pokud by byl pFijemce pldtcem dané z pfidané hodnoty a neuplatfioval odpocet této
dané nebo jeji pomérné &asti), odpisy (kromé nakladli na odpisy majetku odpovidajici
délce trvani projektu; tyte odpisy musi byt vypocteny pomoci spravnych Uéetnich
postupll), naklady na marketing, prodej a distribuci vyrobk{, troky z dluhi a dalsi
povinnosti nesouvisejici s FeSenim projektu.

Na zakladé zadosti ptijemce Ize provést zménu vySe uznanych nakladd projektu, a to
vydanim nového rozhodnuti, které poskytovatel vyda pfijemci do 60 kalendéfnich dndi
ode dne posouzeni jeho Zadosti o zménu, rozhodne-li se této zadosti vyhovét.
Pfijemce je oprévnén podat zadost o zménu vyde uznanych nakladl projektu vid
nejpozdéji do 15. listopadu daného kalendafniho roku. Zmény vyse uznanych nakladu
projektu musi byt zdlvodnéné, podloZené schvalenymi &innostmi a musi spifiovat
podminky uvedené v zakoné o padpofe vyzkumu, experimentainiho vyvoje a inovaci.
Na zmeénu vyse uznanych ndklad( projektu nema prijemce pravni narok.

Clanek 3
Institucionalni podpora poskytovatele

Celkova vyge podpory poskytovatele na reSeni projektu &ini 125.000,- EUR (slovy
stodvacetpéttisic euro) tj. 3.480.000,- KC (slovy tfimilionyctyristaosmdesattisic korun
ceskych). Vyse podpory poskytovatele pro jednotlivé kalendarni roky feSeni projektu
a jeji dilci skladba je stanovena v Priloze €. 11 tohoto rozhodnuti.

Podpora bude pfijemci poskytovéna v K¢ (slovy korunach ceskych) pfimym prevodem
z bankovniho (&tu poskytovatele na bankovni Gcet pfijemce, ktery byl pfijemcem
sdélen poskytovateli, a to v kurzu Ceské narodni banky ke dni 15. ledna 2015, ftj.
k datu, kdy byla vyhld$ena vyzva pro podavani ndvrhd projektl. Tento kurz z(stava
neménny po celou dobu feseni projektu. Podpora se poskytuje v Fadu celych tisict K&
(slovy korun ¢eskych), zaokrouhleni se provadi vzdy smérem nahoru.

Pedpora pro prvni rok feSeni projektu bude prijemci poskytnuta do 60 kalendarnich
dnl ode dne vydani tohoto rozhodnuti, nedojde-li v disledku rozpoétového provizoria
podle zvld&tniho prévniho predpisu k regulaci &erpani vydajl statniho rozpodtu.
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Podpora pro dalsi roky reseni projektu bude prijemci poskytnuta do 60 kalendatnich
dnl od zatatku pfislusného kalendafniho roku, nedojde-li v disledku rozpoctového
provizoria podle zviastniho prévniho predpisu k regulaci €erpdni vydaji statniho
rozpoétu, a za podminky, Ze pfijemce Fadné pinil pfedchozi povinnosti k feSeni
projektu stanovené timto rozhodnutim, zejména predlozil doklady k prokazani
nakladl, roéni zpravu o cerpani a Gcelném vyuZiti poskytnuté podpory v uplynulém
kalendarnim roce nebo jiné podklady o feSeni projektu, a tyto byly poskytovatelem
schvaleny, a Ze byly do informacéniho systému vyzkumu, experimentalniho vyvoje
a inovaci zarazeny prislusné udaje.

Na zakladé Zadosti prijemce lze provést zménu vySe podpory poskytovatele, a to
vydanim nového rozhodnuti, které poskytovatel vyda piijemci do 60 kalendarnich dn(
ode dne posouzeni jeho Z&adosti o zménu, rozhodne-li se této Zddosti vyhovét.
Pfijemce je oprdvnén podat zadost o zménu vySe podpory poskytovatele vZdy
nejpozdéji do 15. listopadu daného kalendérniho roku. Zmény vySe podpory
poskytovatele musi byt zdlvodné&né, podloZené schvalenymi d&innostmi a musi
splihovat podminky uvedené v zakoné o podpore vyzkumu, experimentalniho vyvoje
a inovaci. Na zménu vySe podpory poskytovatele nema pfijemce pravni narok.

Pfijemce je povinen uzit poskytnuté prostiedky podpory vyluéné k thradé uznanych
nakladd projektu a v souladu s jejich ¢asovym urcenim.

Clanek 4
Fond (éelové uréenych prostiredki

Podle ustanoveni § 18 odst. 6 az 11 zdkona ¢. 111/1998 Sb., o vysokych 3kolach
a 0 zméné a doplnéni dalich zékonl (zakon o vysokych &kolach), ve znéni pozdéjsich
pfedpisl, a podle ustanoveni § 23 a § 26 zakona ¢&. 341/2005 Sb., o vefejnych
vyzkumnych institucich, ve znéni zakona ¢. 110/2009 Sb., mohou vefejné vysoké
Skoly a verejné vyzkumné instituce pfevédét do fondu (clelové uréenych prostredkd
prostfedky podpory, které nemohly byt efektivné vyuzity v rozpoctovém roce, ve
kterém byly poskytnuty, a to do vySe 5 % objemu téchto prostiedkl poskytnutych na
feseni projektu v daném kalendainim roce.

Prevod prostredkll podpory do fondu tGlelové uréenych prostfedkl musi pfijemce
podle uvedenych pravnich predpisti poskytovateli pisemné oznamit a zdtvodnit,

Prostfredky podpory prevedené do fondu ucelové urenych prostfedkd mohou byt
prijemcem v nadchazejicim roce resSeni projektu pouzity pouze k ucelu, ke kterému
byly poskytnuty.

Clanek 5
Povinnosti pfijemce

Pfijemce je povinen informovat poskytovatele o zahdjeni praci na reSeni projektu
a splnit povinnosti stanovené zédkonem ¢&. 218/2000 Sb., o rozpoctovych pravidlech
a 0o zméné nékterych souvisejicich zakond, (rozpoctova pravidla), ve znéni pozdéjsich
predpisti, Zakonem a dalSimi pravnimi predpisy, jakoZ i daldi povinnosti vyplyvajici
z tohoto rozhodnuti.
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Pfijemce je povinen v souladu se zdkonem €. 563/1991 Sb., o (cetnictvi, ve znéni
pozdéjdich predpisll, vést pro projekt a pro poskytnutou podporu oddélenou evidenci
o vynaloZzenych vydajich nebo ndkladech a v ramci této evidence sledovat vydaje
nebo naklady hrazené z podpory. Zplisob této evidence stanovi na zdkladé zdkona
o Uletnictvi pfijemce. Pfijemce je povinen uchovavat tuto evidenci po dobu péti let po
ukonceni FeSeni projektu.

Pfijemce je povinen s prostiedky podpory naklddat spravné, efektivné, hospodarné
a U&elné v souladu s pravnimi predpisy. Vymezeni téchto pojmll obsahuje § 2 zadkona
¢. 320/2001 Sb., o financni kontrole ve vefejné sprévé a o zméné nékterych zakontl
(zékon o finanéni kontrole), ve znéni pozdé&jdich predpisQ.

Pfijemce je povinen splnit povinnosti, které jsou pfijemclim podpory stanoveny
zdkonem ¢&. 218/2000 Sb., o rozpoétovych pravidlech a o zméné nékterych
souvisejicich zékonl (rozpoétova pravidla), ve znéni pozdéjich predpisd.

Pfijemce je povinen dotaci finanéné vyporadat (zuctovat) v souladu s vyhlaskou
¢ 52/2008 Sb., kterou se stanovi zasady a terminy finanéniho vypoFadani vztahl se
statnim rozpoctem, statnimi finanénimi aktivy nebo Narodnim fondem, a to zpldsobem
a v terminech stanovenych poskytovatelem, které jsou kaZdoro¢né zvefejhovany na
internetovych strankach poskytovatele.

Pfijemce je povinen spolu se zucCtovanim dotace prediozit poskytovateli informace
o tom, zda na Ucel, na ktery mu byla poskytnuta podpora, pouzil i finanéni prostredky
z jinych zdrojll, véetné ostatnich verejnych prostfedki, z jakych a v jaké vvéi, a to ve
formé stanovené poskytovatelem.

Pouziti podpory v rozporu s podminkami stanovenymi pravnimi pfedpisy nebo timto
rozhodnutim bude povaZovano za poruseni rozpoctové kazné podle § 44 rozpoctovych
pravidel a bude feSeno podle § 44a rozpoctovych pravidel.

V pfipadé pouziti prostifedkl podpory nebo jejich &asti na jiny Ucel, nez stanovi toto
rozhodnuti, je pfijemce povinen neopravnéne pouzité prostiedky podpory vratit, a to
nejpozdéji do 30 kalendaFnich dnl ode dne, kdy bylo takové porudeni stanoveného
u¥iti prostfedkli podpory ozndmeno poskytovatelem pfFijemci, nha Géet, z néhoz byly
prostfedky podpory v daném kalendainim roce cerpany, nebo na pfijmovy Ucet
paskytovatele, jde-li o prostiedky podpory erpané v predchozich letech.

Pfijemce do 15. listopadu daného kalendarniho roku informuje poskytovatele o vySi
pFidélenych prostredkll podpory, které do 31. prosince daného kalendafniho roku
s urcitosti nedocerpa, a tyto prostfedky podpory odvede nejpozdéji do 30. listopadu
daneého kalendafniho roku zpét na vydajovy ucet, ze kterého mu byly poskytnuty.

10)Pfijemce je povinen dodavatele, jehoZ G&ast je nezbytnd k FeSeni projektu, vybirat

w

v souladu se zakonem ¢. 137/2006 Sb., o vefejnych zakazkach, ve znéni pozdéjsich
pFedpisti, informovat poskytovatele o vyhlaSenych vefejnych zakdzkach, smlouvach
uzavrenych s dodavateli a jejich odchylkdch v pIinéni, a uchovavat fadné podepsané
originaly vSech smluv tykajicich se feseni projektu. Pokud by pfijemce pofizoval zboZi
nebo sluzby od podnikatelskych subjektti, budou tyto pofizeny za trzni ceny obvyklé
v misté a fase a nebude moZné postoupit ¢dst podpory podnikatelskym subjektim
ani nepfimo. Pfijemce odpovida za to, Ze pfijemcem uzaviené smlouvy s dodavateli
o Ucasti na FeSeni projektu budou obsahovat ustanoveni davajici poskytovateli stejna
prava kontroly dodavatell ve vztahu k projektu, jakd mé poskytovatel vi¢i pFijemci.

11)Pfijemce je povinen v souvislosti s projektem vzdy uvadét skutecnost, ze projekt je,

resp. byl FeSen za finanéni spoluléasti poskytovatele.
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Clanek 6
Kontrola Feseni projektu

Poskytovatel je opravnén provadét kontrolu plnéni cill projektu, ¢erpani a vyuZivéni
podpory a Uucelnosti vynaloZenych nakladl projektu a kontrolu vyuZiti vysledkd
projektu. PFijemce poskytne poskytovateli véechny Udaje pozadované poskytovatelem
za Ucelem kontroly plnéni povinnosti pfijemce vyplyvajicich z tohoto rozhodnuti.

Prijemce zasle poskytovateli prib&Znou zprévu o Fedeni projektu, jejiz souédsti je
informace o Cerpani a uceiném vyuZiti poskytnuté podpory v uplynuiém kalenddfnim
roce resSeni projektu, a to nejpozdéji do 31. ledna nasledujiciho kalendarniho roku.
Pfijemce zaSle poskytovateli zévére¢nou zpravu o Fedeni projektu, jejiz sou&dsti je
informace o Cerpanf a ucelném vyuZiti poskytnuté podpory za posledni kalendarni rok
reSeni projektu a za celou dobu feSeni projektu, a to nejpozdéji do 31. ledna
nasledujiciho kalendarniho roku.

Jako sou&ast pribéiné / zadvérelné zpravy o feSeni projektu je pFijemce povinen
pn“'edloiit rovnéz informace o erpani a Udelném vyuZiti prostfedk( poskytnutych na
reSeni pro;ektu mezinarodnim poskytovatelem a ostatnich verejnych a nevefejnych
prostiedkd vynalozenych béhem FeSeni projektu, dale informace o pfijmech vzniklych
v souvislosti s resenim projektu a také informace o vysledcich pripadnych finanénich
auditll a kontrol vedenych ze strany mezinarodniho poskytovatele.

Pfijemce je povinen usporadat alespon jedenkrat v pribéhu fedeni projektu na vlastni
nédklady prib&zné oponentni fizeni, a to, stanovi-li tak poskytovatel, za G&asti jeho
zastupce. Pruemce je povinen predlozit nejpozdé&ji 15 pracovnich dnl pfed konanim
opanentniho fizeni poskytovateli ke schvaleni navrh na sloZeni oponentni rady, véetné
urceni jejiho predsedy, dale navrh na uréeni alespoit dvou nezavislych oponentl, ktefi
nejsou v pracovné pravnim vztahu k pfijemci, a navrh terminu konani oponentniho
fizeni. Pokud poskytovatei nesouhlasi s predlozenym navrhem na slozeni oponentnl
rady, uréenim oponentt & s navrzenym terminem konani oponentniho fizeni, predlozi
mu pr[]emce ke schvaleni novy navrh. Pfijemce je povinen pfedloZit poskytovateli
zépis z pribézného oponentmho fizeni doplnény o odborné posudky od alespor dvou
nezavislych oponentll nejpozdéji v terminu 14 kalendé¥nich dnt ode dne jeho konani.

Za (celem vyhodnoceni vysledkll Fedeni projektu je pfijemce v roce jeho ukonéeni
povinen na zdkladé zavéreCné zprdvy o feSeni projektu uspofadat na své vlastni
ndklady zavéreéné oponentni Fizeni, a to, stanovi-li tak poskytovatel, za Géasti jeho
zastupce. Prijemce je povinen predlozit nejpozdéji 15 pracovnich dnl pred kon&nim
oponentniho Fizeni poskytovateli ke schvaleni ndvrh na sloZeni oponentni rady, vietné
urceni jejiho predsedy, ddle navrh na uréeni alespof dvou nezavislych oponentd, ktefi
nejsou v pracovné pravnim vztahu k pfFijemci, a navrh terminu konani oponentniho
fizeni. Pokud poskytovatel nesouhlasi s pfedlozenym navrhem na sloZeni oponentni
rady, uréenim oponentt ¢i s navrzenym terminem konani oponentniho Fizeni, predloZi
mu pfijemce ke schvéleni novy ndvrh. Pfijemce je povinen predloZit poskytovateli
zapis ze zaveérecného oponentniho Fizeni doplnény o odborné posudky od alespon
dvou nezavislych oponentll nejpozdéji v terminu 14 kalendafnich dnil ode dne jeho
konani.

Pokyny pro vypracovanl priibéZné / zévéreéné zpravy o feseni prajektu a pokyny
k usporadam pribé#ného / zdvéreéného oponentniho fizeni budou poskytovatelem
zvefejiiovany na internetovych strankach http://www.msmt.cz/.

Bude-li feSeni projektu ukonceno pred terminem stanovenym v ¢l. 1 odst. 4 tohoto
rozhodnuti, plati ustanoveni o zavérectné zpravé o feSeni projektu a zavérecném
oponentnim Fizeni pro obdobi do terminu pfedfasného ukonéeni fedeni projektu.
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Nevyjadfi-li se poskytovatel k predlozenym Eprévém o feSeni projektu a zapisim
z oponentnich fizeni do 6 kalendarnich meésicu po jejich obdrzeni, tyto materidly se
povazuji za schvalené.

10)Poskytovatel miiZe stanovit odborné poradce, ktefi mu poskytnou pomoc pf¥i kontrole
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pln&ni cilG Fedeni projektu, v&etnd kontroly &erpédni a vyuZivani podpory a tcelnosti
vynalozenych nakladl projektu., Poskytovatel v takovém pripadé odborné poradce
pisemné zavaze k zachovani miéenlivosti o informacich, které jim budou poskytnuty,
a dale k zavazku nezneuzit tyto informace ve prospéch svij nebo tretich osob.
Poskytovatel sezndmi pfijemce s ustavenim odbornych poradcl a umoZni pfijemci
vznést vicéi osobam odbornych poradcl pfipominky. V pfipadé vzneseni pfipominek
viéi osobdm odbornych poradcll poskytovatel namitky prijemce posoudi a shledé-li je
opravnénymi, odvola jmenovaného odborného poradce a navrhne jiného.

Clanek 7
Zpiisob poskytnuti Gdajd o projektu a jeho vysledcich
pro informacni systém vyzkumu, experimentalniho vyvoje a inovaci

Pfijemce je povinen zvefejiovat Uplné, pravdivé a véasné informace o projektu
a ziskanych poznatcich a jinych vysledcich projektu. Tuto povinnost plni zejména
prostrednictvim poskytovatele, kteremu predava Udaje o projektu a Gdaje o ziskanych
poznatcich a jinych vysledcich projektu ke zvefejnéni prostifednictvim informacéniho
systému vyzkumu, experimentalniho vyvoje a inovaci, a to ve formé a v terminech
stanovenych poskytovatelem a v souladu s pozadavky zakona o podpofe vyzkumu,
experimentalniho vyvoje a inovaci a nafizeni vlady €. 397/2009 Sb., o informaénim
systému vyzkumu, experimentalniho vyvoje a inovaci.

Udaje do centrdlni evidence projektl (databdze CEP) predklddd pfijemce
poskytovateli ve formé stanovené poskytovatelem.

Poskytovatel preda tidaje o projektu provozovateli informacniho systému vyzkumu,
experimentalniho vyvoje a inovaci do 50 kalendafnich dnll od po&atku kalendarniho
roku u projektll zahajenych v minulém roce a feSenych v daném roce, nebo ode dne
vykonatelnosti rozhodnuti u nové zahajovanych projekta.

PFi zméné tohoto rozhodnuti je pfijemce povinen predat poskytovateli ve formé
a v terminu stanoveném poskytovatelem informace o zméné (dajll zvefejhiovanych
v informacnim systému vyzkumu, experimentalniho vyvoje a inovaci a platné (daje.

Pokud dojde v pribéhu kalendarniho roku ke zméné (idaji predanych podle odst. 3,
poskytovatel predad nové (daje o reSenych projektech provozovateli informaéniho
systému vyzkumu, experimentalniho vyvoje a inovaci nejpozdéji do 30 kalendarnich
dnt ode dne, kdy zména nastala nebo byla poskytovateli oznamena.

Udaje do rejstfiku informaci o vysledcich (databdze RIV) preddvd pfijemce
poskytovateli ve formé stanovené poskytovatelem.

Poskytovatel predd udaje o vysledcich projektu a o jejich uplatnéni provozovateli
informacniho systému vyzkumu, experimentdiniho vyvoje a inovaci, a to nejpozdéji
do 250 kalend&rnich dnd po ukonceni poskytovéni podpory.

Prijemce je povinen zvefejhovat vysledky projektu v souladu s platnymi pravnimi
predpisy a v informacich zverejiovanych v souvislosti s timto Projektem uvadét
disledné identifikadni kod projektu podle centralni evidence projektt (databaze CEP).
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Pokud je predmét redeni projektu predmétem obchodniho tajemstvi, jiného tajemstvi
nebo utajovanou skutecnosti podle zvlastniho pravniho predpisu nebo skutecnosti,
jejiz zverejnéni by mohlo ohrozit ¢innost zpravodajske sluzby, pfijemce poskytne
konkrétni informace o projektu a poznatcich a jinych vysiedcich projektu tak, aby byly
zverejnitelné.

Clanek 8
Vysledky a vyuziti vysledki projektu

Prava k majetku pofizenému z poskytnuté podpory a prava k vysledklim projektu
a jejich vyuziti pfijemcem se ¥Fidi ustanovenim § 15 a § 16 zakona o podpofe
vyzkumu, experimentalniho vyvoje a inovaci a dalsimi pravnimi predpisy.

V pfipadé aplikovaného vyzkumu je pfijemce povinen uzavrit pfed terminem ukonceni
fedeni projektu s uzivatelem vysledkl smlouvu o vyuziti vysledkl podle ustanoveni
§ 11 zakona o podpofe vyzkumu, experimentalniho vyvoje ainovaci a ve stejném
terminu ji pfedlozit poskytovateli.

Pokud si u pfijemce mohou ¢init naroky na prava k vysledkiim tfeti osoby, musi
pFijemce provést takova opatfeni nebo uzavfit takové smlouvy, aby tato prava byla
vykondvana v souladu s jeho vlastnimi povinnostmi vyplyvajicimi z tohoto rozhodnuti.

Jestlize pFijemce postoupi majetkova prava kvysledkum tretim osobam, zajisti
odpovidajicimi opatfenimi nebo smlouvami ochranu zajm{ poskytovatele vyplyvajici
z tohoto rozhodnuti,

PFijemce je povinen zajistit, aby vysledky, Kk nimZ ma ma]etkova prava a které mohou
byt vyuzlty, byly pfiméfené a (cinné chranény. Pfijemce muZe bez ohledu na druh
nosi¢e Udajl pubhkovat informace o vysledcich, ke kterym ma majetkova prava,
pokud publikovanim neni dotena jejich ochrana.

Naklady souvisejici s pfevodem pristupavych prav jdou k tizi toho, komu jsou prava
poskytovana.

Clanek 9
Sankce

Poskytovatel je opravnén zadrZet cast a ve vyjimecnych pripadech i celou podporu az
do pristiho zictovaciho obdobi, pokud pfijemce radné nepinil predchozi povinnosti pfi
tedeni projektu, nebyly predloZeny doklady k prokazani naklad{, roéni zprava o Fedeni
projektu, jejiz soudasti je informace o Cerpani a ucelném vyuziti poskytnuté podpory
v uplynulém kalendafnim roce fe$eni projektu, nebo jiné podklady o feSeni projektu,
nebo ze nebyly pFijemcem predlozeny pfislusné (daje pro zafazeni do informaéniho
systému vyzkumu, experimentalniho vyvoje a inovaci.

Poskytovatel mliZze zahdjit fizeni o odnéti poskytnuté podpory, dodlo-li po vydani
rozhodnuti o poskytnuti podpory:

a) k vazani prostfedkl statniho rozpottu,

b) ke zjisténi, Zze (daje, na jejichZ zdkladé byla podpora poskytnuta, byly nelpiné
nebo nepravdive,

c) ke zjisténi, Ze rozhodnuti bylo vydano v rozporu se zdkonem nebo pravem
Evropské Unie,
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d) ke zjisté&ni, e nemizZe byt spinén fddné nebo véas Gcel, na ktery byla podpora
poskytnuta, pokud jiz nedoslo k porugeni rozpoctové kazné,

e) k vydani rozhodnuti Evropské komise o navraceni nebo o prozatimnim navraceni
verejné podpory,

f) ke zjisténi, ze byl umoznén vykon nelegalni prace; odejmout je mozné prostredky
poskytnuté v obdobi aZ 12 mésict pred zjisténim.

Na fizeni podle odst. 2 se vztahuje zakon ¢. 500/2004 Sb., spravni fad, ve znéni

pozdé&jich predpisd.

Bylo-li rozhodnuto o odnéti podpory z dlivodl uvedenych v odst. 2 pism. a) nebo c),
neni mozné ulozit vraceni podpory nebo jeji Casti, kterd jiz byla prijemci z Uctu
statniho rozpoctu odesldna, nestanovi-li zvlastni pravni pfedpis jinak.

Clanek 10
Zavéreéna ustanoveni

Udaje o projektu Fedeném na zékladé tohoto rozhodnuti nepodléhaji ochrané podile
zakona ¢&.412/2005 Sb., o ochrané utajovanych informaci a o bezpeénostni
zpUsobilosti, ve znéni pozdé&jsich pfedpisl. Je-li predmét reseni projektu predmétem
obchodniho tajemstvi, postupuje se podle zéakona ¢. 89/2012 Sb., obansky zakonik.

Toto rozhodnuti nabyva pravni moci a Ucinnosti dnem vydani rozhodnuti.

Toto rozhodnuti méZze byt zménéno pouze novym rozhodnutim poskytovatele, které
miZe byt vydano nejpozdéji dva mésice pfed terminem ukonceni FeSeni projektu.

V pFipadé zmén nastalych v dobé vykonatelnosti tohoto rozhodnuti, které se dotykaji
pravni subjektivity pfijemce, (daji poZadovanych pro prokdzani jeho zplsobilosti
nebo Gdaji, které by mohly mit vliv na feSeni projektu, je pfijemce povinen
postupovat v souladu s ustanovenim § 9 odst. 8 zakona o podpore vyzkumu,
experimentalniho vyvoje a inovaci a nejpozdéji do 7 kalendafnich dnli o danych
skutecnostech pisemné informovat poskytovatele.

V nalezitostech neupravenych timto rozhodnutim postupuji poskytovatel a pfijemce
v souladu s ustanovenim zdkona o podpofe vyzkumu, experimentdiniho vyvoje
a inovaci a dalSimi pravnimi predpisy.

Nedilnou souéasti tohoto rozhodnuti jsou:

- Pfiloha I - Schvéleny navrh projektu;
- Pfiloha II - Finanéni naklady na feSeni projektu;

Ustanoveni tohoto rozhodnuti maji prednost pred ustanovenimi PFilohy.

Razitko:

L

Za poskytovatele:

PhDr. Lukas Levak
feditel adboru vyzkumu a vyvoje
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| 1. General information

1.1. Short abstract of the project
Please describe briefly the rationale and overall aim of the project and its relevance
regarding the aim of the Joint Call (max. 1/2 page).

InGaN layers, quantum wells and wires are the most important parts of such devices as
blue/green/white LEDs. superluminescent LEDs (SLEDs), laser diodes (LDs), and
photovoltaic cells. However. InGaN is very difficult to be grown because of low growth
temperature and the large lattice mismatch of InN and GaN. These two factors cause
formation of many extended defects, as In-fluctuations and misfit dislocations, as well as of
point defects: vacancies, interstitials and impurities.

In the WISEGaN Project, we are going to develop technology of InGaN epi-structures which
will have a high In-content but less microstructural defects compared to the previous
generations of this material. The idea of the Project is to use technology of prepatterned GaN
substrates with local off-orientations and sequential flow of In-precursor to obtain more
uniform InGaN 3-dimensional structures with lower defect concentration. In particular. we
will focus on lattice relaxation that takes place when InGaN thickness and In-content are
| above the critical values. This relaxation will be examined ex-situ and in-situ using new
(developed in the frame of this Project) advanced methods of X-ray Diffraction and other
| methods.

As a resull of the Project, we will get new generations of InGaN layers, quantum wells and
wires which will be used for constructing the blue and green emitters (LEDs, SLEDs and
| LDs) and photovoltaic cells of performance better than the present state-of-the-art.

1.2. Main Objectives of the project

Please describe the overall project aim and specific objectives in detail, including the
state of the art, giving when possible quantitative data. Describe also the expected
results of the project (max. 1/2 page).

Nitride semiconductors are used in a multibilion market of white LEDs (based on blue 450
nm emitters) and BluRay L.Ds of 405 nm. In the nearest future, it is forecasted that new huge
markets will emerge: laser television based on GaN-based blue (450 nm), green (520 nm) and
GaAs-based red (620 nm) laser diodes, and “last mile” communication using 490 nm LDs.
For those, as well as for photovoltaic, applications, InGaN must be grown with a high In-
content (20-40%). Such material grown at low temperatures and with the large lattice
mismatch to GaN contains a very high density of defects: In-fluctuations, mismatch
dislocations, vacancies, impurities. These defects cause so called “green gap™- much lower
efficiencies of devices emitting in green spectral region than the violet and blue counterparts
(with smaller In content and grown at higher temperatures).

The Project has a goal to develop new generation of InGaN layers, quantum wells and
wires which will have smaller defect density than the present state-of-the-art. We are
going to achieve that by controlling the In-segregation and mismatch defect formation. This
control will be done using Unipress proprietary and patented technology of lateral patterning
leading to the local off-orientation what influences In-incorporation [1]. By sequential
switching-on and -off indium precursors in the step-flow growth mode we will grow epi-
structures with In-variable not only in vertical, but also horizontal directions.

In the frame of the Project proposed, we are going to learn how such epi-structures should be
grown to avoid defect formaiion. Therefore, one of the Project goals will be to evaluate the
critical conditions of InGaN relaxation by misfit dislocations not only as a function of In-
content and thickness (this has already been done [2]). but also of In-fluctuations, point-defect




concentration, substrate off-orientation, morphology, and growth conditions.

The structures will be examined using a number of characterization techniques, but most of
the information we will acquire using the High Resolution X-ray Diffraction. As the object of
examinations is very difficult (not uniform in vertical and horizontal directions), we are going
to develop the following new XRD methods: a) including X-ray photon coherence, ii)
including anomalous x-ray diffraction (i.e. the dependence of the diffracted intensity on the
photon energy in the vicinity of InK absorption edge), iii) taking into account not only all
peak positions, but also their intensities, iv) analyzing the intensity of diffuse scattering
between the diffraction maxima (not done for nitrides yet).

[1] M Sarzynski, M Leszczynski. M Krysko, JZ Domagala, R Czernecki, T. Suski
Crystal Research and Technology 47 (3), 321-328 (2012).
[2] Ju G., Fuchi S.. Tabuchi M.. Amano H., and Takeda Y.. J. Crystal Growth, 407, 68-73

[ (2014).

1.3. The project description
Please explain the project (max. 2 pages).

The Project will consist of four workpackages:

I) Preparation of GaN bulk substrates with local off-orientations (Lnipress).

I1) Epi growth of InGaN in variable conditions including sequential switching on/off of
In precursors (Nagoya University, Unipress).

I11) Characterization ot the InGaN layers, quantum wells and wires in order to learn
microscopic mechanisms of defect formation (Charles University. Unipress, Nagoya
University).

1V) Verification of the new materials quality by fabricating the optoelectronic devices
(Unipress, Nagova University).

Ad T} As GalN substrates we are going to use HVPE crystals grown on ammonothermal seeds
from Ammono company. These substrates have the world-lowest dislocation density of 10*
cm™ distributed evenly over the whole I-inch and 2-inch wafers. Additionally, the HVPE
material contains very small point-defect density. Such substrates will give us confidence that
the phenomena we are going to examine are not related to any substrate defects and we will
be able to control epi-growth in the step-flow mode. The GaN substrates will be laterally
patterned to get local off-orientations. This technology will enable us to have several different
off-orientations (up to 2 degrees) with different asimuths on one wafer. Prior the epitaxy,
patterned GalN substrates will be examined to verify the correctness of the patterning and to
get reference (to be compared with that after epitaxy) X-ray Diffraction data. From this data
we will also assess the structure quality of these substrates, especially the density of
dislocations and other defects (for example, stacking faulis).

Ad II) Then, the GaN substrates will be used for epitaxy to grow InGaN layers at various
growth conditions. The aim will be to grow material with as high indium content as possible
(up to 40%) without structural defects (dislocations and [n-fluctuations) and with as good
optical properties (luminosity in a narrow spectral range) as possible. As a first step, we will
examine the critical conditions (thickness and In-content) for InGaN lattice relaxation as a
function of temperature and pressure. as well as of the GaN substrate off-orientation inducing
different In-fluctuations, At the next step, we will grow three-dimensional structures (InGaN
guantum wires) using a sequential switching on/off the indium precursor.
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Ad III) The epi-structures will be examined using a number of complementary methods
(TEM, AFM, PL), but the most important will be the X-ray Diffraction which will give us
most of the microstructural information. Some of the measurements will be done in Japan
using the in-situ XRD monitoring during the MOVPE growth. This will enable us to observe
the moment when lattice relaxation starts. However, most of the samples will be examined ex-
situ and we are planning to use the XRD methods far beyond the state-of-the-art. The most
important improvement will be an application (in the XRD simulations) of the information on
X-ray photon coherence that depends on the way how we monochromatize the primary beam.
This is necessary if we wish to extract proper information on InGaN materials that is always
segregated and the dimensions of In-fluctuations are similar to the X-ray photon coherence
length. Moreover, we are going to use not only standard reflections, but also multiple ones
which will give us an additional insight into the InGaN microstructure. In this step, we also
plan to use anomalous x-ray diffraction (the dependence of the diffracted intensity on photon
energy) and DAFS method (fine structure of the energy dependence of the diffracted intensity
just above the InK absorption edge). Using these methods, we will determine exactly the In
content and local distortion of the lattice around In atoms in Ga lattice positions. These
methods require an X-ray primary beam with tuneable energy, which can be obtained only
from synchrotron sources (ESRF Grenoble, HASYLAB Hamburg, Spring 8 Japan). Within
the project we will test a new method (anomalous x-ray diffuse scattering), which consists in
the measurement of a series of reciprocal space maps of scattered intensity for various
energies. From the analysis of this quite large amount of data we will be able of study the
correlation between local variation of the In content and local lattice deformation.

Ad 1V) Based on the information acquired in the Project, we will propose technology of
growing controlled 3-dimensional InGaN/GaN structures which should have advantages over
the traditional structures which suffer from the In-fluctuations and presence of mismatch
defects. At present, we are considering fabrication of new generation of blue and green laser
diodes, LEDs. as well as photovoltaic cells. The better performance of the devices constructed
on our new materials will be a final indication of the Project success.

1.4, Scientific excellence of the project and the project partners

Please explain what makes up the excellence of the proposal and the consortium, its
innovative aspects and what are the specific advantages of the proposed technology
compared to other existing technologies. (max. 1 page).

Institute of High Pressure Physics UNIPRESS

. GaN substrates which are planned to be used contain the world-lowest defect density
[3]- They are grown on Ammono seeds [4] using HVPE technique. The dislocation
density is uniform over I-inch and 2-inch wafers and is of about 10* ¢m™. So far,
none of the competitors can offer material with such low defect density.

2. Lateral patterning lo obtain local off-orientation. This is proprietary and patented
technology, so far not reproduced by any other lab.

3. MOVPE and MBE epitaxy withl5-year experience. Unipress is the only lab
fabricating laser diodes using the combined MOVPE and MBE technology.

4. Technology of 400-450 nm laser diodes: world state-of-the-art, commercialized by
Unipress' spin-off TopGaN.

5. The Unipress' labs of GaN bulk substrate growth, epitaxy, laser processing and
characterization employ 60 scientists, making it one of the largest in Europe in the
field of nitride semiconductors.

Nagoya University (Nagoya, Japan)




GaN research group at Nagoya University has unique high-In-content InGaN growth systems
such as raised pressure MOVPE, raised pressure MOVPE with in situ laser absorption and
scattering (I.AS) monitoring system, MOVPE with in situ X-ray reflection and CTR
scattering monitoring system, HVPE, MOVPE and high-nitrogen-radical density RF MBE for
GaN and InGaN nanowire growth. Tt also has the long experience of fabricating LEDs. LDs,
PVs, and power devices. X-ray topography system is used to clarify the relationship between
macroscopic defects and device performance, and STEM is used to investigate the
dislocations and stacking faults in a GaN and InGaN nanowire. Characterization tools for
each device performance are installed.

Charles University (Prague)

The x-ray diffraction group at Charles University in Prague has a long tradition in
investigating epitaxial layers and nanostructures (see [5-10], among others). The last two
decades, our research was focused to nanostructures (quantum dots and nanorods) in group-
IV and M-V semiconductor compounds. We have developed a method for the description of
small-angle X-ray scattering from multilayers with randomly rough interfaces and applied it
for several types of structures. We have also dealt with the mechanism of self-organized
growth of nanostructures and we have shown that local strain in elastically anisotropic matrix
is the driving force for self-organization. Quite recently, we have studied the structure of
epitaxial layers of rhombohedral topological insulators and we have demonstrated that the
structure can be described in the frames of the Markow-chain theory. We have also published
several works on N-based I1I-V compound layers. where we have investigated local
deformation in InGaN using EXAFS, DAFS and anomalous x-ray scattering.

The experimental equipment of the laboratory allows for an analysis of epitaxial layers by
means of standard and high-resolution x-ray diffraction (including low- and high-temperature
measurements), however more advanced techniques mentioned above can be carried out only
at synchrotrons. The members of the x-ray group have a long-standing experience in this type
of research at several synchrotron sources; V. Holy served for several years as a member of
Scientific Advisory Committee at the ESRF synchrotron sources and he also worked for
several periods as a member of beamtime allocation panels a synchrotrons ESRF and ANKA.

[3] T. Sochacki. M. Amilusik, M. Fijatkowski. B. Lucznik, J. L. Weyher, 1. Grzegory. R.
Kucharski, M. Iwinska, M. Bockowski. Journal of Crystal Growth, 52 (2014) 407.

[4] www.ammono.com

[5] Pietsch U.. Holy V. and Baumbach T., High-Resolution X-Ray Scattering From Thin Films
to Lateral Nanostructures, Advanced Texts in Physies, Springer-Verlag Berlin, Heidelberg,
New York 2004

[6] 1. Stangl, V. Holy, and G. Bauer. Rev. Mad. Phys. 76, 725-783 (2004).

[7]1 Springholz G., Holy V.. Pinczolits M.. and Bauer G.. Science 282, 734 (1998).

[8] V. Holy, J. Stangl, T. Fromherz, R. T. Lechner. E. Wintersberger, G. Bauer, C. Dais, E.
Miiller, and D. Griitzmacher, Phys. Rev. B 79, 035324 (2009).

[9] B. G. Park, J. Wunderlich, X. Marti, V. Holy, Y. Kurosaki, M. Yamada, H. Yamamoto, A.
Nishide, J, Hayakawa, H. Takahashi. A.B. Shick, and T. Jungwirth, Nature Materials 10, 347
(2011).

[10] J. Smilauerova. P. Harcuba, J. Strasky, J. Straskd, M. Janecek, J. Pospisil, R. Kuzel, T.
Brunatova, and V. Holy, Acta Materialia 81, 71-82 (2014).
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1.5. Project coordination and management
Please describe how the project will be coordinated, and what will be the tasks of

each partners (max. 1 page).

Fig. 1 shows the idea of the Project execution.

Managemaiii board
Mike Leszezynsii
Hiroshi Amano
Waclay Holy

Fig. 1 Idea of the Project execution

o Epitaxy in

GaN substrate Unipress Epitaxy in Nagoya
patteming Mike University

Margin Samyngk[ Leszozynski Hireshi Amane

®

K-ray Diffractien /

*
B

Charactanzation

Vaclay Holy Device fabricatian Device fabrication |
In Unipress In Nagoya Univarsity
Piotr Perlin Hiroshi Amane

The Project will be coordinated by Prof. Mike Leszczynski (Unipress) in a close
cooperation of Prof. Hiroshi Amano (Nagoya University) and Prof. Vaclav Holy (Charles
University).

The GaN substrates and their patterning will be done in Unipress. Then, the substrates
will be used for growing epi-structures with MOVPE and MBE techniques in Unipress and
Nagoya University. The epi-structures will be grown at various growth conditions. Some of
the epi-growths will be done by Nagoya University also with in-situ XRD and LAS
characterization what will enabie us to monitor the moment when the lattice relaxation start.

The epi samples will be characterized by a number of methods (PL, TEM, AFM) in
Unipress and Nagoya University. but special attention will be paid to X-ray Diffraction
methods which will give most of the microstructural data. However, to achieve that, the new
XRD methods will be developed by Charles University in collaboration with two other
Partners.

From these experiments, we will acquire knowledge at which conditions the mismatch
related defects in InGaN are formed. Then. this knowledge will be used to fabricate
optoelectronic devices (green laser diodes and LEDs, photovoltaic cells) in Unipress and

Nagoya University.
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| 2. Work plan (of each Work Package; WP)

Please describe the work plan for each Work Package according to the four aspects
below (max. 1 page per aspect for each Work Package).

2.1. Research methodology

Workpackage 1. GaN substrate growth and lateral patterning
Task 1a
Growth of GaN subsirates
The GaN substrates will be grown using HVPE (hydride vapour phase epitaxy) on Ammono
seeds. The crystal will have a dislocation density of 10" cm™ and a very low point-defect
concentration. The crystals of 1-inch and 2-inch size will have negligible bowing and will be
polished mechano-chemically to be epi-ready with atomic flatness.
In the Project, we are planning to grow 20 such GaN crystals.

Task 1b

Lateral patterning of GaN substrates

The GaN substrates will be patterned to obtain local off-orientation. The idea of such
patterning is shown in figure below.

Photoresisl expases photatsist Fig. 2 ldea of lateral patterning to obtain local off-
S, S orientation. The photoresist is illuminated with a
L T ] F . 3

[ cvemime | Emm!fﬁ variable dose using the laser writer. Then, the
(a) (b) development of the phatoresist makes variable
7 photoresist thickness. As the elching rate of the
% surtacs after l stning photoresist and GaN is similar, the ion etching

E 3 - makes the variable GaN off-orientation.

R maemaD
(c) (d)

After etching. the crystals are again mechano-chemically polished to remove the subsurface
layer that is damaged by ion etching.

We are planning to prepare about 60 laterally patterned GaN substrates (each crystal will be
| used 3 times for epitaxy).

Workpackage 2. InGaN epitaxial growth

Task 2a

Growth of continuous InGaN layers and quantum wells

The advantage of the low-dislocation GaN substrates is that we are able to grow layers in the
step-flow mode, what is shown in Fig. 3. However, when growth is at low temperatures, we
observe 3-dimansional nucleation for GaN lavers (used as quantum barriers). This effect can
be minimized by adding indium precursor and hydrogen to the carrier gas. InGaN layers never
have straight steps (as it can be the case for GaN) but always are fuzzy, as shown in Fig. 3. As
In-incorporation depends on step velocity [11], we always deal with In-fluctutations which are
present at nanometer and micrometer scales. These fluctuations depend not only on substrate
off-orientation. but also on growth conditions (temperature, pressure, strains, growth rate,
etc.). One of the main tasks of this Project will be to correlate the critical conditions
(thickness, strain) for InGaN lattice relaxation with those In-fluctuations. At the present
state-of-knowledge, we are not able to state if the indium strong fluctuations (keeping an
average In-content the same) will increase or decrease critical thickness for lattice relaxation.
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Fig. 3 Left: AFM topograph for GaN homoepitaxial layer grown at 1020°C' and with
hydrogen in the carrier gas. InGaN layer grown at 820°C without hydrogen.

In the frame of the WISEGaN, we will grow InGaN layers on GaN substrates with various
lattice off-orientation at various conditions of pressure, temperature and flows to observe how
lattice relaxation depends on those conditions.

Task 2b

Growth of controlled 3D InGaN structures

In order to grow 3-dimensional structures in a controlled way, we will follow the idea of
Petroff [12] used for GaAs-based epi-structures. Below, this idea is explained for InGaN. At
the left-hand figure, the InGaNN layer (red) is grown on the GalN substrate (blue) in a step-flow
made. The atoms are attached only to the steps. The distance between steps (tarrace width)
depends on the substrate off-orientation, for example, it is 14.5 nm for | deg off-orientation
and 29.0 nm for 0.5 deg off-orientation in the case of GaN. The idea of Petroff is to stop TMIn
flow before the step is filled to its edge and to start it again afterwards.

=*_ - m -:
e = M

Fig 4

Left: Step-flow growth mode of the epitaxial laver on the off-oriented substrate. Right: Step
Hlow growth maode with laterally variable composition leading to the nanowire formation.
Please note that in the figure, the sample edge was shown to illustrate the step-flow growth
mode. Close 1o the edge, the quantum wires would be different than the others, but the
number of them will be so small, that this problem is not relevant. Please also note that the
step height is exaggareted- the ratio of the step height and the terrace width is of an order of |
100. |

The technology of using off-oriented GaN substrates and sequential switching on/off indium
precursor will give us a possibility of growing not only quantum wires, but many other 3-D
_structures, including, for example, triangular or trapezoid shape. As we will have on one
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wafer different step lengths and their azimuths, we will be able to observe dependence of
lattice relaxation as a function of geometrical dimensions of the InGaN 3-D structures,
what will be one of the most interesting result of the Project.

[11] M. Leszczynski. R.Czernecki, S.Krukowski, M.Krysko, G.Targowski, P. Prystawko,
J.Plesiewicz, P.Perlin, T.Suski Journal of Crystal Growth 318 (2011).
[12] P. M. Petroff, A.C. Gossard, W. Wiegmann, Applied Physics Letters 45, 620 (1984).

Workpackage 3. Characterization of InGaN epi structures

Task 3a

Development of new XRD methods

All the commercial simulation software is based on analytical solution of Takagi-Taupin (T-T)
[13-15] equations (derived from Maxwell ones in the Dynamical Theory of X-ray Diffraction)
in the approximation of two-wave (incident and reflected) case and the plane-wave as an
incident beam. In Charles University and Unipress, we use our own simulation software based
either on numerical solution of T-T equation, or on simplified kinematical theory, in which the
atoms (lattice planes) scatter only the incident beam (no rescattered radiation is taken into
account).

As the coherence length of the X-ray photon in the High-Resolution X-ray diffractometer
is a few thousand larger than its wavelength (about 0.15 nm), the approximation of the
incident beam by a plane-wave works very well for the nearly-perfect crystals as silicon, or
| AlGaAs layers on GaAs. However, for the crystals (as InGaN) with the scale of
inhomogeneitics larger than the X-ray photon coherence length, we should not use the
plane-wave approximation any more.

Within the Dynamical and Kinematical Theories of X-ray Diffraction. we add amplitudes
of waves scattered by each atom (its electrons). This approach is not justified, when we
deal with areas of different properties separated by a distance larger than the photon
coherence length. In such a case, we should add intensities (amplitudes squared), not
amplitudes.

Schematically, it is shown in Fig,. 5.

Fig. 3 X-ray photon of coherence shown
schematically by the blue elipsis is diffracted by an inhomogenous crystal. Lefi: The
inhomogeneities are smaller than the coherence length and the diffracted beam should be
formed by adding amplitudes. Right: The red regions are separated by more than the photon
| coherence length and in thal case we should add intensities.

In the frame of the Project proposed, we will develop a new simulation software that will take
into account X-ray photon coherence. This will enable us to extract more information from
the XRD data for inhemogeneous and periodic (also in lateral direction) InGaN structures.
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The main problem in the characterization of InGaN structures both with flat and stepped
interfaces is that both the strain and chemical composition are highly inhomogeneous and it is
quite complicated to discriminate the influence of these two inhomogeneity types on the
parameters of the scattered X-ray beam (intensity, reciprocals-space distribution, ete.). Within
the project, we are going to use anomalous scattering effect, which consists in the strong
energy dependence of the complex atomic scattering factor in the vicinity of the

| corresponding absorption edge. For free atoms, this dependence is well known and it can be
| used as a source of additional phase information, which is necessary for a complete

reconstruction of the real-space image of the investigated structure. The method, called
anomalous (or resonant) X-ray diffraction is well known and it has been used also for N-based |
I11-V semiconductor compounds [16]. However, in the project, we are going to develop an
extension of this method, which consists in the measurement of the energy dependence of
diffuse scattering. Generally, diffuse scattering originates for correlated distortions or
inhomogeneities in the lattice and in the InGaN systems it is caused both by local
inhomogeneous strains and local variation of the In content. Using anomalous diffraction
effect, we will be able to distinguish between those two sources, since the latter depends very
sensitively on energy. Moreover, we will combine the anomalous effect with surface-sensitive
X-ray scattering (methods GID and GISAXS) to detect the correlation of local
surface/interface morphology with local chemical content.

Measuring the fine structure of the energy dependence of the diffracted intensity just above an
absorption edge (DAFS method) will enable us to determine local distortion of the lattice
selectively in different parts of the investigated sample. The method has been used already for
InGaN systems and other N-based compounds [17,18], however it has not been applied yet on
samples with corrugated surfaces.

[13] S. Takagi, Acta Crystall., 15, 1311 (1962),

[14] D. Taupin, Bull. Soc. Fr. Mineral Cristallogr. 87, 469 (1964),

[15] C.R.Wie, T.A. Tombrello and T. Vreeland, J. Appl. Phys., 59, 3743 (1986),
[16]V. Favre-Nicolin et al. Eurcpean Phys. J. 208, 189-2016 (2012).

[17] E. Piskorska et al., Phys. of Semiconductors, Pts A and B 893, 79-80 (2007).
[18] E. Piskorska-Hommel et al., J. Appl. Phys. J. Appl. Phys. 117, 065702 (2015).

Task 3b
Characterization ex-situ of the epi-structures
The main tool for the characterization will be X-ray diffraction which will give us information
on In-content in InGaN layers and structures and geometrical distribution of indium in 3D
space. The XRD measurements will be supported by examinations using the following
techniques:
I) atomic force microscopy (AFM) to examine the surface morphology (atomic step
shape) and threading dislocation density,
[1) defect selective etching (DSE) to observe threading dislocations,
III) transmission electron microscopy (TEM) to see the miscroscopic view of the samples
(in Angstrem resolution), ‘
IV) cathodoluminescence (CL) to see lateral In-fluctuations with resolution of about 50
nm,
V) photoluminescence (PL) at various temperatures to examine luminosity of the
samples as well as In-fluctuations.
All those complementary methods will give us a correlation between the In-spatial-
distribution (induced by us, or spontaneously formed) in InGaN structures and lattice

| relaxation by structural defects.
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Task 3¢

Characterization in-situ of the epi-structures

The in-situ XRD measurements will be possible if the synchrotron sources (ANKA Karlsruhe-
Germany and Spring 8 Japan) will be available.

Recently, GaN research group at Nagoya University developed a new technology for
monitoring laser absorption and scattering (LAS) from the surface of the InGaN quantum well
using multi wavelength laser light. Short wavelength 407 nm laser is sensitive for surface
roughness, while long wavelength 442 nm and 472 nm laser light can penetrate into the
| InGaN well layer through the back side of the wafer at which laser light is scattered.
Therefore. we can monitor in situ surface morphology, In composition and thickness of each
InGaN quantum well as well as a surface temperature, Figure 6 schematically shows the
principle of the LAS method.

ect
or

Fig.6 Schematic view of the laser absorption and scaltering
measurement system

By using the LAS method, we can precisely
control the excess In on the surface during
growth of high In content InGaN. Figure 8
shows the critical point for surface
temperature and TMIn partial pressure
during growth of InGaN quantum well at
which In surface segregation occur. It is
found that In surface segregation causes
I degradati{?n of'the [uminesgeqce property of
| | I Pl the MQW: QO we can oplimize the growth
L, {mf{t’ihl ol Ll condition in situ using LAS method.
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Fig. 7 Critical point for surface temperature and TMIn partial pressure at which In surface
| segregation occur during growth of InGaN quantum well

At present, LAS system can be applicable only for the growth of MQW on a sapphire
substrate. In the frame of WISEGaN Project, we will develop a new method of monitoring in
situ of the MQW growth on a GaN substrate.




Workpackage 4. Fabrication of optoelectronic devices

Task 4a

Fabrication of Iaser diodes

After getting good (strong and narrow luminosity) optical properties of the InGaN 3D
structures, we will fabricate edge emitting laser diodes to check advantages of the new
materials. We are planning to fabricate devices in 450-520 nm range, as for those we need a
high In-content in InGaN structures and we expect some benefits (less In-fluctuations, less
microstructural defects) in the device performance.

Having 3D structures will enable us to examine also the influence of high-temperature on
InGaN quantum wells and wires. One of the most severe problems we face is the InGaN
decomposition when it is overgrown at high temperature by p-type material. Fig. 8 shows
such decomposition.

Fig. 8 InGaN quantum well grown at 730°C and decomposed
by growing p-type at 930°C.

The decomposition of the InGaN quantum wells occurs most
probably via the liquid In+Ga phase. In our case, as will have
not only quantum wells, but also quantum wires, we will be
able to examine that phenomenon more closely.

Task 4b

Fabrication of LEDs

It is known that LED on a GaN substrate shows lower efficiency droop compared with that of
LED on a sapphire substrate. However. origin of the better performance of the LED on a GaN
substrate is not clarified. Photocurrent measurement by high excitation under reverse bias is
effective to monitor the leakage current at high injection condition. As shown in Fig.9, LEDs
on bulk GaN substrate shows lower photocurrent than LEDs on sapphire substrate, indicating
lower leakage current, thus improving efficiency droop issues. Quantitative comparison of the
photocurrent, PL efficiency and efficiency droop should be done to clarify the mechanism of
efficiency droop.

Fig. 9 Reverse bias dependent
photocurrent of LED on bulk GaN
substrate and LED on sapphire substrate
ar room temperature and at low
temperature (77 K).
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Task 4¢

Fabrication of photovoltaic cells

Detailed simulation for the InGaN-based single photovoltaic (PV) cell shows that nonpolar or
semipolar crystal plane is essential for realizing high efficiency PV cell. InGaN barrier should
| be better than GaN barrier due to the weak confinement of carriers inside the well layer. Using
Ing «Gay «N/Ing.GagsN 100QWSs, we can expect conversion efficiency of close to 30% and fill
factor over 90%. Table I summarizes the simulation result. It is necessary to confirm the
simulation result experimentally in the frame of the Project proposed..

Table I Simulation result of the performance
of mMGaN/InGaN MOW PV cell having
optimized device structure

InssGaopN/Ino.GaosN 100QWs

V(W) 1.57

Jge (MA/CmM?) 31.56

CE (%) 29.82
3 Fill factor (%) 90.48
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2.2.  Work plan (timetable / Gantt chart)
Workpackages and tasks:

WP1 GaN substrate growth and lateral patterning (Unipress)
T1l.a Growth of GaN substrates (Unipress)
T1. b Lateral patterning of GaN substrates (Unipress)

WP2 InGaN epitaxial growth (Nagoya University)
T2a Growth of continuous InGaN layers (Nagoya University and Unipress)
T2b Growth of 3D InGaN structures (Nagoya University and Unipress)

WP3 Characterization of InGaN epi structures (Charles University)

T3.a Development of new XRD methods (Charles University and Unipress)

T3.b Characterization ex-situ of the epi-structures (Charles University. Nagoya University and
Unipress)

T3.c Characterization in-situ of the epi-structures (Nagova University)

WP4 Fabrication of optoelectronic devices (Unipress)
Task 4a Fabrication of laser diodes (Unipress)

Task 4b Fabrication of LEDs (Nagoya University)

Task 4¢ Fabrication of photovoltaic cells (Nagoya University)

WP V(23 (4[5S |8|7|8 (8|10 |1it: |14 |15 (1617 (18|19 | 20 (21 |22 (23 |24 |25 | 26|27 |28 aﬂa\in 31|32 33 |38 |35 |36
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2.3. Envisaged types of activities (including main milestones, deliverables and
event locations)

It is planned that every year we will organize two 2-day Project meetings (two per Partner), in
which the management board and key persons will take part:

Meetings planned:

Warsaw kick-off meeting. month 1

Nagoya, month 6-8

Prague, month 13-14

Nagoya, month 20-22

Prague, month 28-30

Warsaw, final meeting, month 35.

Additionally, we are going to exchange scientists who will spend 1-2 personmonths per year in |

the Partner laboratory.
We are planning the following milestones and deliverables :

WP1 GaN substrate growth and lateral patterning

MI1.1 Choice of GaN substrate technology, month 3 (Unipress)

D1.1 Preparation of GaN substrates, month 15 (Unipress)

M1.2 Choice of lateral patterning technology, month 3 (Unipress)

D.1.2 Preparation of laterally patterned GaN substrates, month 19 (Unipress)

WP2 InGaN epitaxial growth

M2.1. Choice of InGaN technology for laser diodes, month 18 (Unipress)

D2.1. Report on InGaN technology for laser diodes, month 19 (Unipress)

M?2.2 Choice of InGaN technology for LEDs and PhV cells, month 18 (Nagoya University)
D2.2. Report on InGaN technology for LEDs and PhV cells, month 19 (Nagoya University)

WP3 Characterization of InGaN epi structures

M3.1 Recommendation on XRD characterization of the InGaN structures, month 10 (Charles
University)

D3.1. Report on XRD characterization of the InGaN structures, month 27 (Charles University)

WP4 Fabrication of optoelectronic devices

M4.1. Choice of laser diode technology, month 20 (Unipress)

D4.1, Fabrication of new-generation laser diodes, month 35 (Unipress)

M4.2, Choice of LED technology, month 20 (Nagoya University)

D4.2 Fabrication of new-generation LEDs, month 35 (Nagoya University)
M4.3 Cheice of PhV cell technology. month 20 (Nagoya University)

D4.3. Fabrication of new-generation PhV cells, month 35 (Nagoya University)
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2.4. Involvement of each partner

Unipress will be responsible for growing bulk GaN substrates, InGaN structures,
characterization of these materials, and fabrication of new-generation laser diodes.

Nagoya University will be responsible for growing InGaN structures, their characterization,
| and fabrication of new-generation LEDs and PhV cells.

Charles University will be responsible for development of the new XRD methods and
advanced characterization of the InGaN structures.

Each Partner plans to have 3-4 scientists who will work for the Project as part-time jobs.

All Partners will use all their available equipment to grow and te characterize the samples.

| 3. Expected impact of project results

Please describe the expected impact of project results below (max. 1 page).

It is expected that the Project will have the following impact:

I)  Will enable us to create technology of controlled InGaN 3D structures that will have
less microstructural defects and thus, stronger and narrower luminesity. Such
material should find the application in fabricating such optoelectronic devices as
laser diodes, superluminescent diodes, LEDs and photovoltaic cells.

1) Will provide new information on the lattice relaxation in nitride semiconductors.

1) Will provide new XRD simulation software.

The results will be published in well-recognized scientific journals and will be presented at
international conferences.

The Partners of WISEGaN are academic labs, but two of them (Unipress and Nagoya
University) collaborate closely with the industry. In the case of Unipress, it is its spin-off
TopGaN that manufactures laser diodes [www.topganlasers.com] and epitaxial wafers. In the
case of Nagoya University, industry collaborator Toyoda Gosei will soon commercialize the
new types of LEDs such as efficiency droop-less LEDs and three dimensional LEDs.

It is planned that the WISEGaN project will widen the Japan- Poland collaboration in the
field of nitride semiconductors. Such collaboration has been conducted for a long time with
Nagoya University (prof. Amano). Chiba University (prof. Yoshikawa), and Ritsumeiken
| University (prof. Nanishi). Based on the results of these cooperation more than 20 common
| publications have been published (examples of those are given in Ref. 19-21).

Japan is a world leader in nitride semiconsuctor technology, both in research (Nobel Prize in
that field for Nakamura, Akasaki and Amano- Project Partner) and industry (Nichia, Toyoda
Gosey, Sumitomo, and many other companies). Polish academic and industrial potential is
much smaller. but Unipress and TopGaN with a number of unique and proprieatry
technologies can be the important partners for Japanese labs and companies.

A big expected impact we expect also from the collaboration of Unipress and Nagoya
University with Charles University in the field of the X-ray Diffraction, as the present XRD
methods are not adequate for examining the InGaN epi structures. The group of prof. Vaclav
Holy will do their best to change this situtation and the new XRD methods should be
implemented not only to Unipress and Nagoya University. but many other similar labs.

[19] M Fujikane, M Leszczynski, S Nagao, T Nakayama, S Yamanaka, Journal of Alloys and
Compounds 450 (1), 405-411

[20] Common crystal structures of the group I nitrides

M Leszczynski. ] Edgar, S Strite, I Akasaki, H Amano, C Wetzel EMIS DATAREVIEWS
SERIES 23. 3-5
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[21] Photoreflectance spectroscopy of the band bending and the energy gap for Mg-doped
InN layersR. Kudrawiec, T. Suski, J. Misiewicz, D. Muto. and Y. Nanishi, Phys. Stat. Sol. 6,
S$739 (2009)

4. Added values of multilateral cooperation

Please describe the added value of multilateral cooperation below (max. 1 page).

The Consortium consists of three labs which have unique and complementary expertise.
Unipress and Nagoya University have similar nitride semiconductor technologies, but they
can be regarded rather as matching ones, not competition-like. Unipress possess unique
technologies of bulk GaN substrate growth, lateral patterning and 400-450 nm LD
construction. Nagoya University 1s a world [eader in 400-550 nm LEDs. 380-520 nm LDs,
photovoltaics based on nitride semiconductors, as well as high-pressure growth or in-situ
XRD measurements.

The exchange of samples, ideas, scientists, between Unipress nad Nagoya University will be
beneficial for both laboratories, as this will enable us to shorten time in our learning curve
how to grow new generations of the InGaN layers, quantum wells and wires for the
optoelectronic applications.

Collaboration with Charles University, that is a world leader in developing X-ray Diffraction
methods and theory, will be very beneficial for Unipress and Nagoya University as new XRD
methods will enable us to extract much more information from the experimental data than
before. In turn, Charles University will get a chance to examine the unique samples which
can serve also for verification of the new simulation software created in this lab (and also in
Unipress).

| 5. Short CVs of main participating researchers : |

Please add a short CV for each of the main participating researchers involved in
the proposal, including a list of the five most relevant publications of the last ten
years (max. 1 page per researcher).

Prof. Mike Leszezynski, born 1956

Academic:

MSei 1980 Physics Dept of Warsaw University (X-ray topography of Si crystals after high
pressure treatment).

PhD 1990 Institute of Physics Polish Academy of Science (Lattice parameters of I1I-V
compounds as a function of temperature and illumination)

Habilitation 1996 Institute of Physics Polish Academy of Sciences (Microstructure of [11-N
compounds)

Professor of Polish Academy of Sciences 2004.

Professional experience:

1980- up to now, professor at Institute of High Pressure Physics UNIPRESS.

1990-92- post-doc at Intitute of Theoretical Physics Trieste (Italy) and at Institute of Advanced
Materials Brindisi (Italy)

1996- visiting professor at Center of Atomic Energy (CEA) Grenoble (France)

1997-2005- advisor for Philips Analytical

2001-up to now, vice president of TopGaN, spin off from Unipress, responsible for R&D
activity.
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2014- up to now, editor of OA journal Heterostructures

Publications:

350 paper published. cited 3600 times. Hirsch factor 30, 28 invited talks at international
conferences.

Scientific interests:

Nitride semiconductors, optoelectronics, crystal growth, crystal defects, X-ray diffraction
Commercial achievements:

Development of GaN-based Jaser diodes manufactured by TopGaN (heading epitaxy and
microstructural characterization- 20-scientists group).

Grants received:

12 grants awarded by the Grant Agency of Poland,

Leader of workpackages in |18 grants awarded by the Commission of the European Union.
Professional Memberships:

Member of 12 committees of International Biannual Conferences

5 most important publications in last 10 years:

60 mW continuous-wave operation of InGaN laser diodes made by plasma-assisted molecular-
beam epitaxy

C Skierbiszewski, P Wisniewski, M Siekacz, P Perlin. M. Leszczynski

Applied physics letters 88 (22). 221108.

Nitride based laser diodes on substrates with patterned AIN mask

M Sarzynski, M Krysko, G Targowski, G Kamler, ] Domagala, R Czernecki, M. Leszezynski,
Applied Physics Letters 91 (22), 221103.

Structures Built by Steps Motion during Sublimation from Annealed GaN (0001) Surface. MA
Zatluska-Kotur, F Krzyzewski. S Krukowski, R Czernecki, M. Leszczynski, Crystal Growth &
Design 13 (3). 1006.

Influence of GaN substrate off-cut on properties of InGaN and AlGaN layers

M Sarzynski. M Leszczynski, M Krysko. JZ Domagala, R Czernecki. M. Leszezynski

Crystal Research and Technology 47 (3). 321-328.

Influence of hydrogen and TMin on indium incorporation in MOVPE growth of
InGaN layers. R Czernecki. S Kret, P Kempisty, E Grzanka, J Plesiewicz, G Targowski, M.
Leszczynski, Journal of Crystal Growth 402, 350-336.

Professor Hiroshi AMANO., |

Education _
1983 Bachelor of Engineering from Nagoya University
1985 Master ot Engineering from Nagoya University
1989 Doctor of Engineering from Nagoya University
Areer

1988-1992 Research Associate, School of Engineering, Nagoya University
1992-1998 Assistant Professor, School of Science and Technology, Meijo University
1998-2002 Associate Professor, School of Science and Technology, Meijo University
2002-2010 Pretessor, School of Science and Technology, Meijo University
2010-present Professor, Graduate School of Engineering, Nagova University
201 1-present Director, Akasaki Research Center, Nagoya University
Awards and Honors

2014 Nobel Prize in Physics, Nobel Foundation. Sweden
2014 Order of Culture , the Japanese Emperor. Japan
2014 APEX/JJAP Editorial Contribution Award,

Japan Society of Applied Physics, Japan
2011 1OP Fellow, Institute of Physics, Great Britain
2009 NISTEP Award. National Institute of Science and Technology Policy, Japan



2009 JSAP Fellow, Japan Society of Applied Physics, Japan
2008 Japanese Association for Crystal Growth Award, JACG, Japan
2004 P & 1 Patent of the Year,
Tokyo Institute of Technology Precision and Intelligence Laboratory, Japan
2003 SSDM Paper Award, SSDM, Japan
2002 Takeda Award. Takeda Foundation, Japan
2001 Marubun Academic Award, Marubun Research Promotion Foundation, Japan
1998 Rank Prize, the Rank Prize Foundation,
1998 JSAP C Award, Japan Society of Applied Physics, Japan
1996 1EEE/LEOS Engineering Achievement Award, IEEE
1994 OPTO Electronics Award. Japan
Members
SPIE, American Physical Society. Institute of Physics Fellow, Optical Society of
America,
Japan Society of Applied Physics, Material Research Society Regular Member
Institute of Electronics, Information and Communication Engineers (IEICE),
Institute of Electrical Engineers of Japan (IEEJ),
Institute of Electrical and Electronics Engineers (IEEE)
OPTICS & PHOTONICS International council
Japanese Society for Engineering Education
te ivities
JSAP, Wide Bandgap 162 committee, Member
[EICE. Component Parts and Materials (CPM). Member
[SPlasma2015, Organizing Committee, Member
Japan Photonics Council, Chairman,
The Laser Society of Japan, Advisory committee, Member
OPILZDl:; Oigamzmg Commntee Member

1.* lmproved Eﬁ’cnency of 753—280 nm A]GaN Based Light-Emitting Diodes”, C. Pernot,
M. Kim, S. Fukahori, T. Inazu, T. Fujita, Y. Nagasawa, A. Hirano, M. Ippommatsu, M.
Iwaya, S. Kamiyama, |. Akasaki and H. Amano, Applied Physics Express, 3, 061004
(2010).

2. “Evidence for Two Mg Related Acceptors in GaN", B. Monemar, P. P. Paskov, G. Pozina,
C. Hemmingsson. J. P. Bergman, T. Kawashima. H. Amano, I. Akasaki, T. Paskova, S,
Figge, D. Hommel, and A. Usui, Phys. Rev. Lett, 102, 235501 (2009)

3. “GalnN-Based Solar Cells Using Strained-Layer GalnN/GalnN Superlattice Active Layer
on a Freestanding GaN Substrate”, Appl.Phys. Exp.. 4, 021001 (2011).

4. Epitaxial lateral overgrowth of AIN on trench-patterned AIN layers - Masataka Imura,
Kiyotaka Nakano, Gou Narita, Naoki Fujimoto, Narihito Okada, Krishnan Balakrishnan,
Motoaki Iwava, Satoshi Kamiyama, Hiroshi Amano, Isamu Akasaki, Tadashi Noro. Takashi
Takagi, Akira Bandoh, J. Crystal Growth, 298, (2007).

5. "Misfit Strain Relaxation by Stacking Fault Generation in InGaN Quantum Wells Grown
on m-Plane GaN , Alec M. Fischer, Zhihao Wu, Kewei Sun, Qivuan Wei, Yu Huang, Ryota
Senda, Daisuke lida, Motoaki Iwaya, Hiroshi Amano and Fernando A. Ponce, Appl. Phys.
Exp., 2, 041002 (2009).

Prof. RNDr. Vaclay Holy, CSc.,

Academic preparation:

C'Se degree (comparable to PhD):

University of J. E. Purkyng. Brno (nowadays Masaryk University). Czechoslovakia, 1982,
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