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BUIIPOMIHIOBaHHS

2. Physical and technological grounds of IR and THz HgCdTe-detectors and IR blocking elements development

Pedepar:

1. Incepraliist npucBsgYeHa BCTAHOBJIEHHIO OCHOBHUX TE€XHOJIOTTYHUX MTPOLIECIB, 110 OOMEXYIOTh TOPOTOBi
napametpu oTonpuiiMayiB Ha OCHOBI By3bKOILINMHHYX HaniBnposinHukiB HgCdTe i nocnimxenHo ix ¢pisuuHoi
IIPUPOAY, L0 JO3BOJIMUJIO BIleplle B YKpaiHi po3poObUTYU OCHOBY TEXHOJIOTii BUTOTOBJIEHHS JUCKPETHUX Ta
6araToesieMeHTHUX JBocnekTpanbHux I4 ta TT'h ¢poronpuiimadis BUNIPOMIHIOBaHHS 3-TO MOKOJiHHS. [IpoBeeHo
I'PYHTOBHU aHasi3 (i3sMKO-XiMiUHMX MIPOIIECiB, sKi BifdyBaoTbcs npu popmyBaHHi puitmadis IY nianasony
criekTpa Ha ocHoBi HgCdTe. lle 103B0/INIO BUBYUTHU, ONITUMi3yBaTh Ta OOIPYHTYBATH PEXXUMU KIIOUOBUX
TEXHOJIOTIYHUX eTaliB iX (GOpMyBaHHS Ta PO3POOUTH YHIKaJIbHi TEXHOJIOTiIYHI MeToau BurotosseHHs [4 ta TT'y
netexkTopiB Ha ocHoBi HgCdTe. Po3pobeno Tonosorii [4 nuckpetHux ¢poroxiosnis Ta 6araToeseMeHTHUX

doTroniogHUK MaTpuULb 3 Pi3HUM (POPMATOM Ta PO3MIpOM UyTJIMBUX €JIEMEHTIB HA OCHOBI €MiTaKCifHUX IapiB



HgCdTe. OnpanboBaHO TEXHOJIOTIYHUI MIPOLIEC BUTOTOBIEHHS [Y -1eTeKTOpiB Ha OCHOBI €MiTaKCiHUX MIapiB
HgCdTe. 3okpeMa, BU3HaY€Hi FPAHNYHO MOJKJIMBI 3HAYEHHS TEMIIEPATYPHUX Ta MEXAaHIYHMX HaBaHTAKEHb HA
emnitakciiizi mapu HgCdTe, ki NOBMHHI BpaxoByBaTUCh B TEXHOJIOTii BUTOTOBJIEHHS IPUIIMaYiB; po3po0JieHi
HU3bKOTEMIIEPATYPHi pe>XxuMu GOpMyBaHHs 3axuCHUX NOKpUTTiB CdTe, pi3nyHi BIAaCTUBOCTI SIKAX 3a10BOJIbHSIIOTh
BHMMOTraM [0 TACUBALiHUX MTOKPUTTIB; BUBYEHO (i3nko-XiMivyHi mponecu Ha iHTepdeiici metan/HgCdTe, mo
BiIOyBalOTHCS IIPU PO3POOJIEHNX HU3BKOTEMITEPATYPHUX PeKUMaxX POPMYBaHHA ABOMIAPOBUX OMIUHMX KOHTAKTIiB
Io enitakciiinux mwapis HgCdTe, sk 3 €JIeKTPOHHUM, TaK i 3 JipKOBAM TUIIOM IPOBifHOCTI. OMiuHa NoBeAiHKa
KOHTAKTiB He 3aJI€KUTh Bill TUILy METaJy, 0 CBiYNTb PO 30arayeHHs HOCISIMUA TPUIIOBEPXHEBOTO APy,
3YMOBJIEHOTO MiHHIHIOM piBHS PepMi. BUrOTOBJIEHO cepeHbOXBUIIBOBI Ta JOBroxBUIbOBI [Y-doTomiony Ha OCHOBI
HgCdTe 3 pi3HOI0 TOMOJIOri€0 Ta AOCIIIPKEHO iX €/1IeKTPUYHi Ta GPOTOEeIEKTPHUYHI XapaKTepUCTUKU. OTpUMaHi
€KCIIEPMMEHTAJIbHI 3HaY€HHSI BUSIBJIIOBAJIbHOI 3IaTHOCTI CEPEIHbOXBMUIIbOBUX Ta JOBroXBUIbOBUX [Y doTomionis Ha
ocHosi HgCdTe cBim4ars npo ix GyHKLiOHANBHICTb y PEXKAMAX, 0OMEKEHUX (POHOBUM BUIIPOMiHIOBAHHSIM.
BurorosneHi TT'y, 6os0MeTpu Ha rapsiuvx Hocisix Ha ocHoBi HgCdTe 6ysiy BUKOpucTaHi 11 opMyBaHHS 8-
€JIEMEHTHO] JIiHI!IKM NEeTeKTOPiB 1J1s1 3acTocyBaHHs B cy6-TI'L (???? = 140 ['Tu) cucremi Bizyanizauii. Otpumani TT'-
300pa’KEHHS 3al1aKOBAHMX NPEAMETIB IPOLEMOHCTPYBAJIN 3a[10BiJIbHY CIIEKTPAJIbHY PO3MiJIbHY 3IaTHICTh 3
BHUKOpHUCTaHHAM Takoi cy6-TT' cuctemu. [TokazaHO MOKIIMBICTE peasisdaliii 4Bo- a0 6araTcrekTpaabHUX
IeTeKTOpiB Ha ocHOBI eniTakciiiHux mapiB HgCdTe B I4 Ta TT' cnekTpasbHOMY Aiana3oHi. 3alporoHOBaHi i
PpO3po6JIeHi ABOiana30HHI IpuiiMadi Ha ocHOBi 6os10MeTpiB HgCdTe iHTerpoBaHni 3 MeTalidHUMU aHTEHAMU, SIKi
IIPOJEMOHCTPYBaH BiAryk 1o TI'u BUIpoMiHIOBaHHS (Ha OCHOBI pO3irpiBy €J1eKTPOHHOTIO ra3y B GillOJISIPHOMY
HaMiBIPOBIIHUKY) i € YyTIMBUMU TakoxX B [Y zmianasoHi (3a paxyHOK Mi’K30HHOT'O IIOTJIMHAHHS) 3 JOBrOXBUJILOBOIO
MEJKeI0 YyTJIMBOCTI, L0 BiJNOBijae ix XiMiyHOMY CKJlazy. Briepuie o6rpyHTOBaHO MeXaHi3MU (QyHKILIOHYBaHHS
HOBITHIX CeJIeKTUBHUX (Pi/IbTPiB HA OCHOBI KOMIIO3UTHUX CTPYKTYP AIN (MgO) / nonimepHa niBka, siki 610Ky0Tb [4
BUINIPOMIiHIOBaHHS i € npo3opumu y BugumomMy i TI'n mianazoHax cnekrpa. JloBeneHo, o NoKpalleHi
eKCIUlyaTalifiHi MOXJIMBOCTI O6YMOBJIEHI PO3IIMPEHHSIM CMYTU 3aJIMIIKOBUX ITpOMeHiB s AIN B mexax 10,5 — 17
MKM, IO MOB’3aHO 3 iX MOJIKPUCTaIiYHOI0 HAHOCTPYKTYPOBAHOI Oy10BOI0. EKCIIEpUMEHTAIbHO JOBELEHO IXHIO

(PYHKLIOHAJIBHICTB

2. The dissertation is devoted to the determination of the main technological processes that limit the threshold
parameters of photodetectors based on narrow-gap HgCdTe semiconductors and the study of their physical
nature, which allowed for the first time in Ukraine to develop the basics of technology for discrete and multi-
element two-color IR and THz detectors of third generation. A thorough analysis of physical and chemical
processes that occur during the formation of IR detectors based on HgCdTe was carried out. This allowed to study,
optimize and substantiate the modes of key technological stages of their formation and to develop unique
technological methods of manufacturing IR and THz MCT detectors. The topologies of IR multielement photodiode
arrays with different format and size of sensitive elements based on MCT epitaxial layers, as well as discrete
photodiodes, were developed. The technological process of IR detectors manufacturing based on epitaxial layers of
HgCdTe has been worked out. The limit values of temperature and mechanical loads on the epitaxial layers of
HgCdTe, which should be taken into account in the technology of manufacturing detectors based on HgCdTe were
esteblished; low-temperature modes of formation of protective CdTe coatings were developed, the physical
properties of which meet the requirements for passivation coatings; physical and chemical processes at the metal
/ HgCdTe interface were studied, which occur at the developed low-temperature modes of formation of two-layer
ohmic contacts to HgCdTe epitaxial layers, with both electronic and hole type conductivity. An ohmic behavior of
contacts does not depend on the type of metal and that indicates about enrichment by carriers of the near-surface
layer, due to the pinning of the Fermi level. Mid-wave and long-wave IR photodiodes of MCT with different
topology were fabricated and their electrical and photoelectrical characteristics were investigated. The obtained
experimental values of HgCdTe mid-wave and long-wave IR photodiodes detectivity indicate their functionality in
modes close to those limited by background radiation. Manufactured THz hot electron bolometers based on MCT
were used to form an 8-element linear array for application in the sub-THz (???? =~ 140 GHz) imaging system. The
obtained THz images of the packaged items demonstrated satisfactory spectral resolution of the sub-THz imaging



system. The possibility of realization of two- or multiband detectors based on epitaxial layers of HgCdTe in the IR
and THz spectral range was shown. Dual-band detectors based on MCT hot electron bolometers integrated with
metal antennas, which have demonstrated a response to THz radiation (based on electron gas heating in a bipolar
semiconductor) are also sensitive in the IR range (due to interband absorption) with a cutoff wavelength, which
corresponds to chemical composition of HgCdTe. For the first time, the mechanisms of operation of the selective
filters based on composite structures AIN (MgO) / polymeric film, which block infrared radiation and are
transparent in the visible and THz bands of the spectrum, have been reasoned. It is proved that the improved
operational capabilities are due to the extension of the band of residual rays for AIN in the range of 10.5 - 17 pm,
which is due to their polycrystalline nanostructured structure. Their functionality has been experimentally proven
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