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Uplatnenie vysledkov projektu

InN je polovodi¢ovy material s najvy3Sou teoretickou driftovou rychlostou elektrénov (vd)
spomedzi vSetkych znamych polovodiCov. TakZe navrh tranzistorov typu HEMT s napnutym
InN kanalom narastenym na InAIN naraznikovej vrstve predstavuje tu najlepSiu moznost
ktoru priroda mozZe ponuknut v oblasti rychlej elektroniky. AvSak v désledku nevyzretosti
suCasnych technik rastu heterostruktur na baze InN, doteraz neexistuje demonstracia
takychto mikrovinnych suciastok. Vysledkom projektu je ziskanie vedeckych poznatkov a
expertizy rastu polovodicov pre novu triedu elektronickych suciastok na baze InN. Hlavnou
vyzvou projektu bolo pochopit mechanizmus a vyvinut' pripravu InAIN vrstiev s vysokym
obsahom In ako aj samotnej INN/InAIN hetero&truktury, Studovat a vysvetlit' elektrochemické
vlastnosti takychto vysoko polarnych Struktur a rozhrani pre novy typ tranzistorov. Vysledky
projektu povedu k novym typom tranzistorov s aplikaciami v tuholatkovych zosiffiovacov v
THz pasme, k emisii a detektcii mikrovin ako aj k post CMOS obvodom.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

1. Vyvinuli sme pdvodny postup rastu depoziciou z metal-organickych par (MOCVD) InAIN
naraznikovej vrstvy s vysokym obsahom In. Zistili sme, Ze kflu€ovym aspektom efektivneho
zabudovania In je relaxacia vrstvy. Priamym MOCVD rastom na zafirovej podlozke bez
pouZitia GaN medzivrstvy sme dosiahli InAIN vrstvu s In molarnym podielom 0.6 a N-
polaritou. Zistili sme, Ze dodatoéna akceptorova dotacia bude potrebna pre zabezpecenie
semi-izolaéného stavu.

2.V spolupraci s Univerzitou Kréta sme ako prvi priamo testovali driftovi rychlost
elektronov v objemovom InN materiali narastenom technikou molekularnej zvazkovej
epitaxie (MBE). Demonstrovali sme velmi sfubnu hodnotu vd > 2.5 x 10e5 m/s, pri¢om
pohyblivost bola > 1000 cm2/Vs. Poukazali sme na moznost dosiahnutia eSte vy$Sich
rychlosti, nakolko sme pozorovali elektricky prieraz materialu eSte pred samotnou
saturaciou vd. Predpokladame, Ze je potrebné zniZit hustotu dislokacii v InN ktora bola
okolo 5.6 x 10e10 cm-2. InN MBE vrstvy narastené na Univerzite Kréta sme testovali z
hladiska teplotnej stability, ako hraniénym sa ukazalo Zihanie pri 450 C.

3. Testovali sme MBE rast tenkej, zrejme napnutej InN vrstvy na InAIN naraznikovej vrstve
pripravenej MOCVD, ako aj naslednu pripravu tranzistorovych Struktur. Potvrdil sa vznik
vodivého kanala, avSak neoptimalizovana oxidova vrstvy pod hradlom neumoznila
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demonstrovat funkénost' tranzistorov. Na druhej strane sme pripravili tranzistory
GaN/InN/GaN, ktorych prud bol znac¢ne limitovany relaxaciou InN. Potvrdila sa teda nutnost
pouzitia InAIN naraznikovej vrstvy pre vySSie prudove hustoty. V zavere projektu sme ako
prvi na svete demonstrovali kontinualny MOCVD rast InN na InAIN podlozke.

4. VySetrovali sme vznik dvojrozmerného elektronového plynu v kvantovej jame tvorene;j
vysoko polarnymi IlI-N vrstvami. Zistili sme, Ze na zaplnenie kanala nie je potrebna
pritomnost tzv. povrchovych donorov, ale postaci injekcia elektronov z kontaktov. Zistili
sme, ze stavy na rozhrani oxid/polovodi¢ ktoré uréuju stabilitu tranzistorov su délezité
hlavne pre normalne zatvoreny mad.

5. Pripravili sme kompletne napnuté InGaN/AlGaN/GaN heteroStruktary, ktoré v zavislosti od
procesnych krokov umoznili demonstrovat normalne zatvorené aj otvorené tranzistory na
identickej epitaxnej vrstve.

6. Za neplanovany, ale doélezity vysledok projektu mozno povazovat demonstraciu
dierového plynu na rozhrani INAIN/GaN bez nutnosti vytvorenia parazitného elektrénového
plynu. Tento jav sme teoreticky popisali a méze viest k priprave novej generacie CMOS
obvodov na baze IlI-N polovodicov.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

1. A new method of the metal-organic chemical vapour deposition (MOCVD) of the In-rich
INAIN buffer layer has been developed. Relaxation of the layer has been found to be a key
aspect for effective In incorporation. A direct MOCVD growth on sapphire without using GaN
interlayer lead to INAIN with In molar ratio of 0.6 and N-polarity. We have found that an
additional acceptor doping will be necessary for achieving layer semi-insulating
performance.

2. In collaboration with University of Crete, for the first time we directly tested electron drift
velocity in semi-bulk InN material grown by molecular-beam epitaxy (MBE). We
demonstrated a promising vd > 2.5 x 10e5 m/s, while the mobility was > 1000 cm2/Vs. We
pointed on possibility of even higher speed because of appearance of the pre-mature
electrical breakdown of the material before vd saturation could appear. Dislocations may
relate to the breakdown. Consequently, the density of dislocation which is currently about
5.6 x 10e10 cm-2 has to be reduced. InN layers grown by MBE at U. Crete were tested for
thermal stability, annealing at 450 C has been shown to be critical.

3. We tested MBE growth of a thin, assumingly strained InN layer on MOCVD-grown InAIN
buffer layer, and related transistor processing. Creation of a conductive channel has been
confirmed, however non-optimised oxide layer under the gate prevented transistor
functionality. On the other hand we successfully processed GaN/InN/GaN transistors where
however, the current density was severely limited due to InN relaxation. Consequently, a
necessity of using InAIN buffer layer for achieving higher current density has been
confirmed. By the end of the project, as a first in the world, we demonstrated continuous
MOCVD growth of InN on InAIN layer.

4. We studied generation of the two-dimensional electron gas in highly polar IlI-N quantum
wells. We have found that a population of the channel is not conditioned by the presence so-
called surface donors, but can happen due to electron injection from the contact. We have
found that states at the semiconductor/oxide interface which determine transistor stability
are crucial particularly for the normally-off operational mode.

5. We have prepared completely strained MOCVD-grown InGaN/AlGaN/GaN
heterostructures, which depending on processing steps, facilitated preparation of the both of
normally-on and -off transistors on the identical epitaxial layer.

6. Not planned but important outcome of the project is demonstration of a hole gas at the
INAIN/GaN interface without necessity of having a parasitic electron gas. This phenomenon
was theoretically described by us and in future may lead to a new generation of IlI-N based
CMOS circuits.
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