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Nazov projektu: Priprava uhlikovych nanortrok a vyskum elektronickych suciastok zalozenych na siet'ach z

Na ktorych pracoviskach
bol projekt rieSeny:

Danubia NanoTech s.r.o, Bratislava

Katedra mikroelektroniky, Fakulta elektrotechniky a informatiky STU Bratislava

Ktoré zahrani¢né
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Universitaet Ulm, Ulm
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(uvedte i publikacie prijaté
do tlace):
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V ¢om vidite uplatnenie
vysledkov projektu:

V ramci projektu bola plne zvladnuta vyroba uhlikovych nanorurok a ich éistenie
a do znac¢nej miery zvladnuta aj priprava grafénovych vrstiev. To umozni d'alSi
vyskum tychto materialov vlastnymi prostriedkami a v spolupraci s domacimi
a zahraniénymi pracoviskami.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:
Pocas rieSenia projektu sme rozvinuli metédy pripravy novych materialov na baze uhlika — uhlikové nanorurky
a grafén. Ich vlastnosti sme vyuzili na vyvoj niekofkych moznych aplikacii tychto materialov v elektronike ako napr.
tranzistory na baze sieti z uhlikovych nanorarok. Dosiahnuty faktor zosilnenia u tychto prvkov bol 10000. V stadiu
rozpracovania su pofom riadené tranzistory na baze velmi tenkych (stovky nanometrov) pasikov grafénu.
V ramci projektu boli vyvijané tenké transparentné vrstvy pre slne¢né ¢lanky ainu transparentnu elektroniku.
Transparentné vodivé elektrédy z uhlikovych nanordrok dosahuju parametre 500 Ohmov ploSného odporu pri
priepustnosti 85 %. DalSia optimalizacia bude pokragovat v spolupraci s americkou firmou Eikos. Transparentné
vodivé elektrody z grafénu dosahuju parametre 1000 Ohmov plo$ného odporu pri priepustnosti 85 %.
Dalsim okruhom vyskumu bol vplyv uéinkov iénového Ziarenia na uhlikové nanorurky. Bolo zistené, Ze pre isty rozsah
energii ibnového Ziarenia papiere z uhlikovych nanorurok pdsobia ako velmi u€inné absorbéry tohoto Ziarenia pricom
je mozné regenerovat krystalova Struktdru nanordrok vakuovym zihanim. Charakteristické energie pre proces Zihania
defektov su pritom nizSie ako pre materialy s trojrozmernou Struktirou. Teploty nutné pre zihanie su preto podstatne
nizSie. Aplikacie pre kozmické zariadenia budu rozvijané dalej na zaklade kontraktov so zahrani¢nymi partnermi.
Jednou z moznosti vyuzitia grafénu si membrany pre mriezky do transmisnych elektronovych mikroskopov so
Specialnym dérazom na biologické objekty. Tieto membrany maju hraniénd hrdbku — su to monoatomarne vrstvy
s najvy$Sou moznou priepustnostou pre elektréonovy IG€. Na vyvoji takychto membran spolupracujeme s Univerzitou
v Ulme. Takéto membrany su zarover nepriepustné pre vietky molekuly plynov vratane molekul vodika. Nepriepustne
membrany pre vodikové molekuly budu testovane v spolupraci s holandskou firmou ASML Netherlands B.V.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - anglicky:

In frame of the project we developed methods for preparation of new carbon based materials — carbon nanotubes
and graphene. Their properties have been used for applications of these materials in electronics as field effect
transistors based on the carbon nanotube networks. The value of on-off factor was 10000. The field effect transistors
based on graphene nanoribbons are in the stage of developments as well.

One of the project achievements are transparent conductive layers from carbon nanotubes for solar cells and for
other transparent electronics. Transparent conductive electrodes from carbon nanotubes reach a value of the sheet

resistance 1000 Ohms at transparency 85%.

The other part of our project was a study of effect of ion irradiation on carbon nanotubes. It was found that, in some
range of ion energies, the papers made of carbon nanotubes are very effective as absorbers of the ion irradiation
while it is possible to regenerate the crystal structure of single wall carbon nanotubes by annealing in vacuum. The
characteristic energies for the annealing process are lower than for the three-dimensional materials. The
temperatures for annealing are therefore much lower. Based on this result we are developing new applications for
use in space in collaboration with our partners abroad.

One of the possibilities for use of graphene is membranes for grids at transmission electron microscopy with
a special accent on biological objects. These membranes are of a limit thickness — of one-atom thick layer which is
the most transparent layer for electron beam. Membranes based on graphene for TEM microscope grids were
developed in frame of the project partially in collaboration with University in Ulm. These membranes are at the same
time impermeable for any gas molecules including hydrogen. This application of graphene is in a process of
development collaborating with a company ASML Netherlands B.V.
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