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nmerpanauis 3 9acom. g mpobema mos’s13aHa 3 BUKOPUCTOBYBAHHSM B SIKOCTI MACUBYI0YMX 1mapiB - SiO2, Si3N4,



Zr0O2, abo (iaHiTy, NOCTiMHA peliTKa Ta Koe(illieHT TEpMiYHOTO pO3LMIMPEHHS SIKUX, 3HAYHO Bilpi3HsaeTbCs Bifg Ge, B
PEe3YJIbTaTi YOr0 YTBOPIOETHCS BEJIMKA KiIbKICTh IycyIOKaLiil Ta fedekTiB. B po6oTi 6yJia 3ariponoHoBaHa ifes
nigBuieHHs HanifHocTi Ge p-i-n GoTonioAY, 32 PaXyHOK 3aCTOCYBaHHS B SIKOCTI 1IACUBYIOYOTO IIOKPUTTSI CEJIEHITY
LIMHKY (ZnSe). Lleit maTepian mae KoedillieHT TEPMIYHOTO pO3IIMpPEHHS, IKUI CTAaHOBUTH 6,1x10-6 K-1,
MaKCHMaJIbHO HabJIMXEHOTO 10 BiZIIOBiAHOrO MOKa3HMKa /J1sl repMaHiio - 7,1x10-6 K-1. 3MeHImeHHs TOBepXHEeBUX
CTPYMIB 1OCSITa€ThCS 32 PaxyHOK BeJIMKOi 3a00poHeHoi 30HU 2,7 eB ZnSe, B nopiBHsAHHI 3 B1acHUM Ge 0.67 eB. ZnSe
Mae BUCOKY Npo3opicTe B [Y-niana3oHi BUIPOMiHIOBaHHS, TOMY 1OT0 MOXKHA HAHOCUTH SIK HAa (POHTAJIbHY
noBepxHIo hoTonpuiiMaya, Tak i Ha 6iuHy MOBEPXHIO IJ1s1 3aXUCTy P-N Iepexoay. B poboTi ekcriepruMeHTaIbHO
IIOBENIeHO, 0 NacuBalis nmosepxHi Ge p-i-n doromiona ZnSe 103BoIMIIA OCATTH MOJIIIIEHHS 1OTO
XapaKTEePUCTUK i HaZiHOCTI. HayKoBa HOBM3HA OZ€PKAaHUX PE3YJIbTATIB I10JIATa€ B HACTYITHOMY: 1. Briepiie
3aIPOINIOHOBAHO [1JIs 3aXMCTY Me3acTpyKTypu Ge poTonpuiiMada HOBE MACUBYIOYE IIOKPUTTS - NOJIIKPUCTAIYHUNA
map ZnSe, SIKUI Ha BiIMiHY BiJl iCHyI0OYMX [TIOKPUTTIB 3a6e31e4ye: BUCOKE y3Tro[KeHHs KPUCTAIIYHMX IPaToK (99,8%)
Ta Koe(ilieHTy JiHiliHOro TepMiyHoro posmupenHs (~7-10-6 rpan-1 gys ZnSe ta ~6:10-6 rpag-1 s Ge). Li
IepeBaru J03BOJISIOTh 3MEHIIUTY PiBEHb MEXaHIYHMX HANPY>XK€Hb [IOBEPXHEBOI'O APy Ta MOB'SI3aHH] 3 LUM
KOHILIEHTPALi0 JucioKalii Ta gedeKTis, 1o 3a6e3Mneynso BiICcyTHICTb gerpagauii poromiony mpoTarom 3x poKiB 3
MOMeHTY BUToTOBJIeHHS 2018 p. mo 2021p. 2. [IpoBeneHO MOJIe/II0OBaHHS Ta TEOPETUYHI pO3PaxXyHKU €HEPreTUYHO]
CTPYKTypu po3pobseHoro Ge p-i-n ¢oTonioAy Ta HOro CieKTpaabHOi YyTIMUBOCTI. Pe3ysbTaT MOZ€JII0BaHHS OyIU
NiATBEPKEHHI BUMIPIOBAHHSIMU Ha €KCIIEPUMEHTAIbHUX 3pa3kax 3 noxuokoio +0,01 A/Bt. [JocaimKeHHs
HiATBEpPANIA MOKJIMBICTb 3aCTOCYBaHHS TEOPETUYHOI MOZEIi /17151 JOCSATHEHHS! HEOOXiIHOI 30HHOI CTPYKTypHU
doromiony Ta onTuMizallii ioro KOHCTpyKLii. 3. Biepie BCTaHOBJIEHO BIVIUB a3oBoro ckiuany ZnSe/Ge Ha
€JIEKTPOOIIip NacuByro4doro mapy ZnSe. JI7s 1poro 6ys10 po3po61eHO METOUKY BUMiPIOBaHHS €JIEKTPUYHOTO OIIOPY
BHCOKOOMHUX TOHKUX IJIiBOK 3 BUKOPHCTAHHSIM €J1aCTUYHUX KOHTAKTIB, sIKa Ma€ TaKi lepeBaru B MOPiBHSHHI 3
YOTUPbOX30HLOBUM METOMIOM: MajIn¥ TUCK HA [TOBEPXHIO HAIiBIIPOBiIHUKA, BEJIMKA IJIOLA KOHTAKTHOI 30HH i 5IK
HaCJIiOK [1pY BUMIPIOBAaHHSX BUCOKOOMHMX I10BEPXHEBUX 1IapiB 3a0e311euyeThCsl Majla IYCTUHA CTPYMY Ta
BifCyTHiCTb HarpiBy. [IpakThyHe 3HaYEHHS OJep>KaHUX PE3YJIbTATIB I10JIAra€e y HAaCTynHomy: 1. Bnepie po3po6aeHo
BIOCKOHAJIEeHNI1 BUCOKOHailHMi1 Ge p-i-n porozion, skuil Boyiogie mapameTpaMmy HeOOXiqTHUMU JJ1s1
doTronpuiiMayis B CKiIafli iMITyJIbCHOTO JIa3€PHOTO JajeKoMipa Ta Mae 4yac pesakcai 5,8 10-8 c i uyTnuBicTh Ha
omax=1,54 Mkm 0,45 A/BT. HaykoBO TexHiuHe pillleHHs 3aXUIleHO NaTeHTOM YKpaiHu Ha BUHaxif,. 2.
ExcnepuMeHTaIbHO NOBENEHO NePCIEeKTUBHICTb BIOCKOHaIeHoro Ge p-i-n poToAiony B CKIafi MakeTy
iMITysIbCHOTO J1a3epHOro panekomipa. Takuii poTozion Mae ZOCTATHIO MBUIKOLIIO 1711 HALIMHOTO peeCTPyBaHHS
KOPOTKUX imMnysbciB nopsaky 20 He. CymapHui KoeQillieHT IIPOIyCKaHHS CBiT/I0iNbTPIB, sIKi 10c1adioBany
imnynbc nazepy (EBux = 578 MK][X) ctaHoBUB kd1-4= 0,000437, mo Ha NOPSIIOK Gisblle, HDK TEOPETUYHO
po3paxoBaHui KoedillieHT NpoIyckaHHs Ipu BUMipIoBaHi BifncTaHi 5 kM (katm= 0,0038) Ta BiAnoBinae TeXHIYHUM
BHUMOram 110 GOTOLioAY B CKJIaLi iMITyJIbCHOTO JIa3epHOro JajaekoMipy. 3. [loka3zaHo nepcreKTUBHICTb 3aCTOCYBaHHS
pospobinenoro Ge p-i-n ¢poropiony y ckiazi MakeTy [IpUafy Ha OCHOBI SIBUIIA TOBEPXHEBOTO [1JIA3MOHHOTO
PE30HaHCY, 1O Mpallloe B OJIMKHbOMY iH(pauyepBOHOMY [iana3oHi CEKTPy. Pe3ysbTaTy fociigKeHHs NifTBEpAUIN
[IePCIIEKTUBHICTh 3aCTOCYBaHHS po3pobsieHoro Ge p-i-n goToniony y ckiagi BUMipIOBaJIbHOTO IPUIAAY Ha OCHOBI
SIBUILA [IOBEPXHEBOI'O IIJIa3MOHHOT0 pe30HaHCy. Pe3ysnbraty gociigkeHs, IPOBeIeHUX B POOOTi, €
[EePCINEKTUBHUMU [1JI51 3aCTOCYBAHHS Y IPOMUCJIOBOCTI Ta B HAYKOBIl AisIbHOCTI. Pe3yibTaT JOCTiIKEHDb
HiaTBepAKEHi BiIIOBiTHMMU aKTaMU BITPOBAIpKEeHHsI IHCTUTYT MOHOKpucTaniB HAH Vkpainu ta IHcTUTyT Qi3nku

HaniBNpoBigHUKIB 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 bmax
=154 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 pJ) 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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