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Uplatnenie vysledkov projektu

Pixelové detektory na baze semiizolatného GaAs a epitaxne rasteného 4H-SiC su
vyuzitelné v mnohych oblastiach ako je materialovy vyskum, kozmicky vyskum, Casticova
fyzika, radiacna bezpecnost, diagnostika v medicine a pod. Senzory na baze GaAs a najma
SiC su vysoko radia¢ne odolné v porovnani so Standardne vyuzivanymi Sia CdTe
senzormi. SiC senzor je navySe schopny pracovat’ do vysokych teplét (niekolko sto stupriov
Celzia) bez vyraznej degradacie detekénych vlastnosti. Je vhodny najma na pracu v
extrémnom prostredi (vysoké teploty, vysoké intenzity radiaénych poli). Dal$ou vyhodou je
jeho vysoka rychlost odozvy, ktora suvisi s vysokych pracovnym napatim, ktoré je mozné
na senzor pripojit’ a jeho malou hrubkou. Vdaka tomu su SiC senzory vhodné pri ¢asovych
experimentoch (tvz. tracking — sledovanie drahy €astic). Vyrazné uplatnenie je mozné
oCakavat' v spojeni s novou generaciou pixelovych vycCitavacich Cipov umozriujucich Casove
rozliSenie 200 ps (napr. Timepix4 vyCitavaci Cip). Tu sa otvara mnozstvo aplikacii, kde je
mozné tieto senzory uplatnit'.

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

Hlavnym ciefom projektu bolo skimanie senzorov Ziarenia na baze SiC a GaAs
vyuzitelnych pre vyCitavaci Cip Timepix3 a sledovat vlastnosti tychto pixelovych detektorov,
tzv. radiacnych kamier. V ramci projektu sme pripravili viacero detek&nych Struktdr na baze
GaAs a SiC. Tieto Struktury pozostavali z multi-pixelovych senzorov a tiez jednotlivych tzv.
single detektorov. Pri single detektoroch sme skumali ich detek&né parametre v zavislosti od
pripojeného predpatia, teplotné zavislosti a tiez ich radiacnu odolnost. Ukazalo sa, Ze SiC
detektory su schopné pracovat az do 1000x vySSej radiacnej davky ako Standardne
vyuzivané kremikové detektory. Taktiez su tieto detektory schopné pracovat pri teplote 500
°C bez vyrazného zhorSenia detek&énych parametrov.

V pripade pripravenych multi-pixelovych senzorov boli v ramci projektu ziskané nové
originalne poznatky o technoldgii pripravy pixelovych senzorov, kde sme zviadli pripravu
pixelovych senzorov na baze 4H-SiC aj ich funkéné pripojenie k vy&itavaciemu Cipu
Timepix3, ¢im sme ako prvy na svete vytvorili radiacné kamery s 4H-SiC senzorom. Ich
experimentalne testovanie ukazalo porovnatelné vysledky ako maju kamery so
Standardnymi senzormi, avSak novo vyvinuté senzory su schopné pracovat ovela dlhSie v
prostredi s vysokym radiaénym zataZzenim, a tieZ pri zvySenej teplote. Dalej sme skumali ich
Zivotnost’'s vyuzitim zrychlenej degradacie s vysokou radiacnou davkou. Vyuzili sme
simulaéné metody (SRIM) pri verifikacii experimentalnych vysledkov ako aj rézne
programove prostredia (Pixet, Clusterer, DPE) a programovacie jazyky (Python) pre
vedeckeé spracovanie velkého mnoZstva experimentalnych dat typu matic.

Ciele projektu sa podrali naplnit’ .

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

The main objective of the project was to investigate radiation sensors based on SiC and
GaAs usable for the Timepix3 readout chip and to evaluate the properties of these pixelated
detectors, called radiation cameras. In the frame of the project, we have prepared several
detection structures based on GaAs and SiC. These structures consisted of multi-pixel
sensors and also single detectors. Single detectors were used for basic characterization of
detection parameters depending on the applied bias, temperature and also for their radiation
resistance studies. It has been shown that SiC detectors are capable of operating up to
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1000-times higher radiation dose than standardly used silicon detectors. These detectors
are also capable of operating at 500 °C without any significant deterioration their detection
parameters.

In the case of prepared multi-pixel sensors, new original knowledge about the technology of
preparation of pixel sensors was obtained, where we managed the preparation of multi-pixel
sensors based on 4H-SiC, which were connected for the first time to the Timepix3 readout
chip with proof of their functionality. By this fact, we have became the firstin the world who
prepared radiation camera with 4H-SiC sensor.

Their experimental testing showed comparable functionality to cameras with standard
sensors, however, newly developed sensors are able to work much longer in environments
with high radiation dose and also at elevated temperatures. Next, we investigated their
lifespan using quicker degradation with a high radiation dose. During the project we have
utilized simulations (SRIM) for experimental results verification and programmes (Pixet,
Clusterer, DPE) and programming languages (Python) for scientific evaluation of large
amount of experimental data of matrix type. The objectives of the project have been
achieved.
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