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Vertikalny GaN MOSFET pre vykonové a spinacie aplikacie

Zodpovedny riesitel Ing. Jan Kuzmik, DrSc.
Prijemca Elektrotechnicky ustav SAV, v. v.i.

Nazov pracoviska, na ktorom bol projekt rieSeny

Elektrotechnicky ustav SAV, v. v. i., Slovenska technicka univerzita v Bratislave - Fakulta
elektrotechniky a informatiky.

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Research Center for Integrated Quantum Electronics, Hokkaido Uni., Sapporo 060-0813,
Japan.

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Udeleny patent: Kuzmik, J.: Vertikalny GaN tranzistor s izolaénym kanalom a spdsob jeho
pripravy. SK patent ¢. 289027.

EPO patentova prihladka: Kuzmik, J.: Vertikdlny GaN tranzistor s izolatnym kanalom a
spbsob jeho pripravy. EP3714489.

Najvyznamnejsie publikacie (knihy, €élanky, prednasky, spravy a pod.) zhrilujuce
vysledky projektu — uved'te aj publikacie prijaté do tlace

1, Sichman, P., Hasenohrl, S., Stoklas, R., Priesol, J., Dobro¢ka, E., Hag¢ik, S., Gucmann,
F., Vincze, A., Chvala, A., Marek, J., Satka, A., and Kuzmik, J.: Semi-insulating GaN for
vertical structures: role of substrate selection and growth pressure, Mater. Sci Semicond.
Process. 118 (2020) 105203.

2. Stoklas, R., Chvala,, Sichman, P., Hasendhrl, S., Has¢ik, S., Priesol, J., Satka, A., and
Kuzmik, J.: Analysis and modeling of vertical current conduction and breakdown
mechanisms in semi-insulating GaN grown on GaN: role of deep levels, [EEE Trans.
Electron Dev. 68 (2021) 2365.

3. P. Sichman, R. Stoklas, S. Hasenéhrl, D. Greguova, M. Tapajna, B. Hudec, S. Has¢ik,
T. Hashizume, A. Chvala, A. Satka and J. Kuzmik: Vertical GaN transistor with semi-
insulating channel, International Workshop on Nitride Semiconductors (IWN 2022), Berlin
Oktdber 09-14, 2022.

Uplatnenie vysledkov projektu

Vysledky projektu mézu byt uplatnené pri vyrobe vysoko-efektivnych prevodnikov
elektrického vykonu (aplikacie v elektromobilite, solarne ¢lanky, elektrické nabijacky...).

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
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1. Overili sme rast z kovovo-organickych par semi-izolaéného (Sl) GaN materialu na
vodivom substrate Lumilog. Koncentracia C az do urovne 6 x 10e18 cm-3 bola dosiahnuta
znizovanim tlaku pocas rastu. Zistili sme, Ze vodivost’ a prieraz S| GaN su pre stredné
hodnoty koncentracie C kontrolované priestorovym nabojom, pre vysoku koncentraciu C je
vodivost dana potencialovou bariérou na rozhrani n-GaN/SI GaN a Struktury vykazovali
vratny lavinovy prieraz pri 2.8 MVcm-1.

2. Navrhli sme model primesovej vodivosti v S| GaN. C vytvara akceptorovu hladinu 0.9 eV
nad valenénym pasom a kompenzuje zbytkové donory. Okrem toho vytvara akceptorovu
hladinu 0.6 eV pod vodivostnym pasom a formuje potencialovu barieru proti injekcii
elektréonov. Tento model bol potvrdeny pomocou TCAD simulacii.

3. Navrhli sme lay-out vertikalnych tranzistorov s kruhovym priemerom 180 mikrometrov,
v€etne testovacich Struktur. Postup pripravy obsahuijuci 7 urovni bol optimalizovany.
Nosnymi elementami procesingu boli opticka litografia, hlboké plazmaticke leptanie
vyuzivajuc multilevel kovovi masku, nanasanie oxidov po atbmovych urovniach ako aj
napraSovanie vertikalnej hradlovej metalizacie.

4. Vertikalne tranzistory vykazovali normalne zatvoreny maéd Cinnosti, s kolektorovym
prudom 30 mA pri hradlovom napati 4 V, vyborny on/off pomer 10e7. 200 ns dlhé pulzy
generovali len minimalny prudovy kolaps. Extrahovana hodnota elekironovej pohyblivosti 45
cm2/Vs je niekofko-krat vySSia ako pre inverziu dierového GaN kanalu. Toto je mimoriadna
délezité pre nizke straty spinania.

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

1. Metal-organic vapor phase epitaxy of semi-insulating (SI) GaN on conductive GaN
substrate from Lumilog has been verified. Concentration of C as high as 6 x 10e18 cm-3 has
been reached by decreasing the growth pressure. For the low concentration of C,
conduction and the electrical breakdown was driven by a space-charge. At the highest C
concentration, conduction was controlled by a potential barrier at the n-GaN/SI GaN
interface, while the avalanche breakdown at 2.8 MVcm-1 was found to be reversible.

2. Model of the conduction in SI GaN has been proposed. C forms acceptor level 0.9 eV
above the valence band compensating residual donors. A second acceptor level 0.6 eV
below the conduction band is responsible for a potential barrier blocking electron injection.
Our model is validated by TCAD modelling.

3. Vertical transistors with 180 microns diameter has been proposed, including test
structures. Preparation sequence, including 7 technological steps has been optimised.
Building blocks of the processing were optical lithography, deep plasma etching using multi-
level hard mask, atomic layer epitaxy of oxides, as well as sputtering of the vertical gate
contact.

4. Transistors showed normally-off mode operation, maximal drain current of 30 mA at the
gate bias of 4 V, excellent on/off ratio was 10e7. 200-ns long pulses generated only
marginal collapse. Electron mobility in SI GaN has been found to be about 45 cm2/Vs, which
several times higher than by inversion in p- type GaN channels. This is extremely promising
for a low loss switching.
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