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Pedepar:

1. Incepranis npucBsYeHa po3pooLii BIOCKOHAIIEHOrO TepMaHieBoro p-i-n ¢poronpuiiMaya Jijisi Cy4aCHUX JIa3epPHUX
Ila7IeKOMipiB Ta CEHCOPHO-BUMIipIOBAJIbHUX MPUJIAJIiB HA JOBXUHY XBUJI 1,54 MKM, 1110 GijbII 6€3MEeYHO 17151 OKa
JIIOJVHY B IOPiBHSIHHI 3 1,06 MKM, sIKa BUKOPUCTOBYETHCS B Cy4acCHUX JajeKkoMipax. Po3pobiieHa KOHCTPYKLis Ta
TEXHOJIOTis BUTOTOBJIEHHS HaJiliHOTO, IIBUIKOL{I0UO0T0 i BUCOKOUyTanBOoro Ge p-i-n ¢poropiony, sika 3axuiieHa
[IaTeHTOM YKpaiHM Ha BUHAXIi[ Ta €KCIIEPUMEHTAJIbHO [1I0KAa3aHO NEPCIEKTUBY MOT0 3aCTOCYBaHHS. AKTYyaIbHOIO
Ipo6JIEMOIO iICHYIOUMX repMaHieBUX p-i-n-(oTomioniB Ky NOTPiOHO BUPILIMTY € HU3bKa HAZINHICTD Ta iX BUCOKa
Ierpanauis 3 yacom. g npobsema nos’si3aHa 3 BUKOPUCTOBYBAHHSIM B SIKOCTI IacUBYIo4uX 1apis - SiO2, Si3N4,
Zr0O2, abo (iaHiTy, NocTifiHa pelliTKa Ta KoeQillieHT TEpMiYHOTO pO3LMIMPEHHS SIKUX, 3HAYHO Bifpi3HseTbCs Bifg Ge, B
pe3yJIbTaTi 4OTro YTBOPIOETHCS BEJIMKA KiJIbKICTb AUCIIOKaLil Ta AedeKTiB. B po6oTi 6ysa 3anponoHoBaHa iges

nigBuieHHs HanifHocTi Ge p-i-n ¢poTonioAy, 32 paXyHOK 3aCTOCYBaHHS B SIKOCTI 1IACUBYIOYOTIO IIOKPUTTSI CEJIEHITy



LMHKY (ZnSe). Lleit maTepian mae KoedillieHT TEPMIYHOTO pO3IMpPEHHS, IKUI CTAHOBUTH 6,1x10-6 K-1,
MaKCHMAaJIbHO HAGIMXEHOTO 10 BiMOBiIHOTO IMOKa3HMKA JJ1s1 repMaHilo - 7,1x10-6 K-1. 3MeHIIeHHS TOBEPXHEBUX
CTPYMIB J1OCSITA€eThCS 32 PaxyHOK BeJIMKOi 3a60poHeHoi 30HU 2,7 eB ZnSe, B nopiBHsAHHI 3 BacHuM Ge 0.67 eB. ZnSe
Mae BUCOKY Npo3opicTh B [Y-niana3oHi BUIPOMiHIOBaHHS, TOMY IOTO MOKHA HAHOCUTH SIK Ha (PPOHTAJIbHY
NIOBEPXHIO (POTONPUIIMAYA, TaK i Ha 6iYHY [TOBEPXHIO [JIs1 3aXMCTY p-N Iepexomdy. B poboTi ekcriepumeHTanbHO
IIOBeNIeHO, 110 NacuBallis mosepxHi Ge p-i-n doromiona ZnSe 103BoIMIIA AOCATTY MOJIIIIEHHS 1OTO
XapaKTEPUCTHK i HafiliHoCTi. HaykoBa HOBM3HA OJlepKaHUX pe3yJbTaTiB N0JIITae B HACTynHOMY: 1. Bnepiue
3aMPONIOHOBAHO 15 3aXUCTY Me3acTpykTypu Ge ¢poTonpuiimaya HOBe aCUBYIOUY€ MOKPUTTS - MOJIIKPUCTATIYHUN
map ZnSe, SIKUI Ha BiIMiHY Bif] iCHyIOUMX [TOKPUTTIB 3a6€3Ie4ye: BUCOKE Y3rOIpKeHHs KpUCTaliYHUX rpaTok (99,8%)
Ta Koe(illieHTy JiHiliHOro TepMiyHoro posmupenHs (~7-10-6 rpan-1 gjs ZnSe ta ~6:10-6 rpag-1 gjs Ge). Li
IepeBaru J03BOJISIOTh 3MEHUINUTY PiBEHb MEXaHIYHMX HAMPY>XEHb [IOBEPXHEBOrO 1IAPY Ta MOB'SI3aHHI 3 LUM
KOHILIEHTpAaLilo auciokauii Ta nedexTis, mo 3abe3nedunso BiacyTHICTh nerpanaunii GoToniony npoTsarom 3x pokis 3
MOMEHTY BUTOTOBJIEHHS 2018 p. no 2021p. 2. [IpoBeieHO MOIEIOBaHHS Ta TEOPETUYHI PO3PAXYHKU €HEPreTUYHOI
CTPYKTypu po3pobseHoro Ge p-i-n ¢GoTonioAy Ta HOro CeKTpaabHOI UyTIMBOCTI. Pe3ysbTaT MOZEI0BAaHHS Oy/IU
NiATBEPKEHHI BUMiPIOBAHHSIMU Ha €KCIIEPUMEHTAIbHUX 3pa3Kax 3 noxu6bkom +0,01 A/Bt. [JocaimKeHHs
HiATBEpAUIN MOXJIUBICTb 3aCTOCYBAaHHS TEOPETUYHOI MOZEJ IJ1s1 OCSITHEHHS HeoO0XigHOi 30HHOI CTPYKTypU
dorogiony Ta onTrMizallii ioro KOHCTpyKLii. 3. Biepie BCTaHOBIEHO BIVIUB a3oBoro ckiuany ZnSe/Ge Ha
€JIEKTPOOIIip NacuByO4Oro mapy ZnSe. 17151 boro 6ys10 po3po6eHO METOUKY BUMiPIOBaHHS €JIEKTPUYHOTO OIIOPY
BYCOKOOMHUX TOHKMX IUIIBOK 3 BUKOPUCTAHHSM €JIaCTUYHMX KOHTAKTIB, SIKa Ma€ TaKi [IepeBaru B OPIBHSHHI 3
YOTUPBOX30HAOBUM METOMIOM: MaJIn¥ TUCK HA [TOBEPXHIO HAIliBIIPOBIIHUKA, BEJIMKA I1JIOLA KOHTAKTHOI 30HH i IK
HACJIiOK [1IpY BUMIPIOBAaHHSX BUCOKOOMHMX II0BEPXHEBUX LIAPiB 3a0€311e4y€eThCsl Majla [YCTUHA CTPYMY Ta
BiZicyTHiCTb HarpiBy. [IpakTuHe 3HaY€HHS OJ€P>KaHUX PEe3yJIbTATiB MOJIsITae Y HACTYNHOMY: 1. Briepie po3po6sieHo
BIIOCKOHAJIEHWH BUCOKOHaAiNHu1 Ge p-i-n poTomion, siKuii BOJOi€ mapaMeTpaMu HEOOXiTHUMU IJ1s1
doTronpuiiMayis B CKJIaJli iMITyJIbCHOTO JIA3€PHOTO JajeKoMipa Ta Mae Jyac pesakcaii 5,8 10-8 c i uyTnuBicTh Ha
omax=1,54 Mkm 0,45 A/BT. HaykoBO TeXHiuHe pillleHHsI 3aXU1IeHO MaTeHTOM YKpaiHU Ha BUHAXiT, 2.
ExcniepyuMeHTaIbHO NOBEAEHO MEePCIEKTUBHICTb BILOCKOHAaNEeHOoro Ge p-i-n poToAiony B CKIafli MakeTy
iMITysIbCHOTO J1a3epHOro ganekomipa. Takuii poTozion Mae OCTATHIO MBUNIKOLIO 17151 HAiTHOTO peeCTpyBaHHS
KOPOTKUX imMIysbCiB nopsaky 20 He. CymapHUi KoeQillieHT IIPOIyCKaHHS CBIiTI0(iNbTPIB, sIKi 10c1ad10Banu
imnysbc nazepy (EBux = 578 Mk][x) craHoBUB kp1-4= 0,000437, 1m0 Ha NOPSIAOK Gisblle, HDK TEOPETUIHO
po3paxoBaHui KoedillieHT NpoIyckaHHs Ipu BUMipIoBaHi BincraHi 5 kM (katm= 0,0038) Ta BifnoBinae TeXHIYHUM
BHUMOraMm 110 GOTOioAY B CKJIaJi iMITyJIbCHOTO JIa3epHOro JanekoMipy. 3. [loka3zaHo nepcrneKTUBHICTb 3aCTOCYBaHHS
pospobinenoro Ge p-i-n ¢porofiony y CKiafi MakeTy [IpUafy Ha OCHOBI SIBUIIA TOBEPXHEBOTO M1JIA3MOHHOTO
PE30HAHCY, 110 IPAIIoe B OJIMKHbOMY iH(pauyepBOHOMY Aiara3oHi CrieKTpy. PedynbraTty gocaimKeHHs NiATBepAuIn
[IepCIIeKTUBHICTb 3aCTOCYBaHHS po3pobsieHoro Ge p-i-n goToniony y ckiaji BUMipIoBaJIbHOTO IPUJaAy Ha OCHOBI
SIBUILA [IOBEPXHEBOI'O IJIa3MOHHOTO PE30HAHCY. Pe3ysnbTaty gociigKeHb, IPOBELEHUX B POOOTI, €
NepCNEeKTUBHUMU JJ151 3aCTOCYBaHHS y IPOMUCIIOBOCTI Ta B HAYKOBIl JisILHOCTI. Pe3yabTaTi AOCTiIKEHD
IiATBEpAKEHI BiANOBIGHMMY aKTaMU BIIPOBaIpKeHHs [HCcTuTyT MoHOKpucTasniB HAH Ykpainu ta InctutyT disuku

HaniBNpoBiAHUKIB iM. B.€. JlamkapboBa HAH Ykpainu.

2. The dissertation is devoted to the development of an advanced germanium p-i-n photodetector for modern
laser rangefinders and sensor-measuring devices at a wavelength of 1.54 um, which is safer for the human eye
compared to 1.06 um used in modern rangefinders. The design and technology of manufacturing a reliable, high-
speed and highly sensitive Ge p-i-n photodiode, which is protected by a patent for the invention of Ukraine, has
been developed and the prospects of its application have been experimentally shown. The current problem of
existing germanium p-i-n photodiodes that needs to be solved is low reliability and their high degradation over
time. This problem is associated with the use as passive layers - SiO2, Si3N4, ZrO2, or cubic zirconia, the constant
lattice and the coefficient of thermal expansion of which differs significantly from Ge, resulting in a large number
of dislocations and defects. The idea of increasing the reliability of Ge p-i-n photodiode was proposed due to the
use of zinc selenide (ZnSe) as a passivating coating. This material has a coefficient of thermal expansion, which is



6.1x10-6 K-1, as close as possible to the corresponding figure for germanium - 7.1x10-6 K-1. The reduction of
surface currents is achieved due to the large band gap of 2.7 eV ZnSe, compared with its own Ge 0.67 eV. ZnSe has
a high transparency in the IR range of radiation, so it can be applied to both the front surface of the photodetector
and the side surface to protect the p-n junction. The paper experimentally proves that the passivation of the Ge p-
i-n photodiode with ZnSe allowed to achieve an improvement in its characteristics and reliability. The scientific
novelty of the obtained results is as follows: 1. For the first time, a new passivating coating was proposed to protect
the Ge mesostructure of the photodetector - the polycrystalline ZnSe layer, which, unlike existing coatings,
provides: high matching of crystal lattices (99.8%) and linear thermal expansion coefficient ~ 7 - 10-6 deg - 1 for
ZnSe and ~ 6 - 10-6 deg - 1 for Ge). These advantages allow to reduce the level of mechanical stresses of the
surface layer and the associated concentration of dislocations and defects, which ensured the absence of
degradation of the photodiode for 3 years from the date of manufacture in 2018 to 2021. 2. Simulation and
theoretical calculations of the energy structure of the developed Ge p-i-n photodiode and its spectral sensitivity
are performed. The simulation results were confirmed by measurements on experimental samples with an error of
+ 0.01 A / W. Studies have confirmed the possibility of using a theoretical model to achieve the required band
structure of the photodiode and optimize its design. 3. The influence of the ZnSe / Ge phase composition on the
electrical resistance of the ZnSe passivation layer was established for the first time. For this purpose, a method of
measuring the electrical resistance of high-impedance thin films using elastic contacts was developed, which has
the following advantages over the Van der Pauw method: low pressure on the semiconductor surface, large
contact area and as a result heating. The practical significance of the results is as follows: 1. For the first time, an
advanced high-reliability Ge p-i-n photodiode has been developed, which has the parameters required for
photodetectors as part of a pulsed laser rangefinder and has a relaxation time of 5.8 10-8 s and a sensitivity at omax
=1.54 um 0.45 A/W. Scientific and technical solution is protected by the patent of Ukraine for the invention/ 2.
The prospects of the improved Ge p-i-n photodiode as a part of the model of a pulsed laser rangefinder are
experimentally proved. This photodiode has sufficient speed to reliably record short pulses of about 20 ns. The
total transmittance of light filters that attenuated the laser pulse (Es = 578 uJ) was kfl-4 = 0.000437, which is an
order of magnitude higher than the theoretically calculated transmittance at a measured distance of 5 km (katm =
0.0038) and meets the technical requirements to the photodiode in the pulsed laser rangefinder. 3. The prospects
of application of the developed Ge p-i-n photodiode as a part of the model of the device on the basis of the
phenomenon of surface plasmon resonance working in the near infrared range of the spectrum are shown. The
results of the study confirmed the prospects of using the developed Ge p-i-n photodiode in the measuring device
based on the phenomenon of surface plasmon resonance with sensitivity. The results of research conducted in this
work are promising for use in industry and research. The results of the research are confirmed by the relevant acts
of implementation of the Institute of Single Crystals of the National Academy of Sciences of Ukraine and the
Institute of Semiconductor Physics. V.Ye. Lashkareva National Academy of Sciences of Ukraine.
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