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PEDEPAT
Hlecrak Cranuciaas BuraabeBuu

JluniomHast padota 37 crpaHuupl, 18 pucyHkoB, 43 HCTOUHHUKOB.

AMIUIMTYAHO-4aCTOTHbIE U (PA30BO-4ACTOTHbIEC XaPAKTEPUCTUKHU
MoumHbIX CBY doToanonos ajsi cucreM paano(oTOHUKH

Hayunble pykoBoauTenu — 3aBelnyrouiuil jgabopaTopued paguopOTOHUKH
['HITO «OnTuka, onTo3ieKTpoHKHKa M jda3zepHas texHuka» HAH benapycu, kan-
muaaTt guanko-mMareMatnueckux Hayk Umx A.JL., nmoueHT xadenpsl gazepHoit (u-
3UKU U criekTpockonuu bI'Y, kannunat gusnko-maremMaTudeckux Hayk TapacoB
J.C.

KarwueBbie cioBa: pagnodoronuka, momaeiii CBU dortoauon, p—i—n ¢o-
toauoa, Goroauon IlorTku , p—i—N $HOTOAMO ¢ YACTUIHO OOCTHEHHBIM ITOTJIO-
HIAIOIIUM CJI0eM, P—i—N GOTOANO/ C IEPEHOCOM OJTHOTO THITa HOCUTEIIEH 3apsa.

Hean pa6oTbl — uccienoBanus P—i—N GoToanona ¢ 4acTUIHO OOCTHEHHOM
HorJouaroie 00JacTbio0 U IMaMETPOM (POTOUYBCTBUTENBHOM 00s1acTu 20 MKM Ha
OCHOBE JBOHHOM HaHOreTepocTpyKTYphl P*-INP / p*-InGaAs / n°-InGaAs / n*-InP u
€ro aMIUTUTYTHO-4aCTOTHBIX U (PA30BO-YACTOTHBIX XapAKTEPUCTUK JUIsl yCTPOICTB
U CUCTEM PaInO(OTOHUKH.

O0beKTOM HMCCJIeNOBaHUsI sABIsIeTCA P—i—N (HOTOAMON C YACTUYHO 00eI-
HEHHOU morjonariei 00JacThIO.

Metoabl ucciaenoBanms: usMepenus (assl CBY-curnana ot mocTtostHHOM
cocTaBJsitouIel (POTOTOKA, UCCIETOBAHMS TTOJYYEHHBIX aMIUIUTYIHO-YaCTOTHBIX U
HSHEPreTUYECKUX XapPaKTEPUCTHK.

IHonyyeHnHble pe3yabTaTbl M MX HOBM3HA. [lonydeHHBIE aMILTUTYIHO-
YaCcTOTHBIC U (Da30BO-4aCTOTHBIE XaPAKTEPUCTHKHU HCCiIeayeMoro p—i—n ¢ortoauo-
J1a TIOMOTal0T YCTAaHOBUTh (PU3MUYECKHE 3aKOHOMEPHOCTH M XAPAKTEPHBIE TEXHOJIO-
IrMYecKre OCOOCHHOCTH, Ompenestonme (pyHKIHOHAIbHbIE BO3MOXHOCTU BBICO-
KOCKOPOCTHBIX (hoToauooB. [lo pesynbrataM AUIIOMHOIM paboThl ObLIA OMMyOIIU-
KOBaHa CTaThs B COOpHHUKE TpyAoB 9-oif MexayHapoIHOH MmIKoJie-KOH(DEepeHITUn
«CoBpemeHHbIe PoOIIeMbl (PU3UKIY», KOTOpast Mpoxoauia B T. MUHCK, 4-6 HOSIOps
2020 roma, Ha3BaHUE CTaThbM « IHEPTrEeTHUYCCKUE XapaKTEPUCTUKUA MOIIHOTO P-i-N
¢doromnona CBY-anana3ona Ha OCHOBE JBOMHOM reTepocTpyKTyphl INGaAs/InPy.
(aBTopsl C.B.Illectak, K.b.Mukutuyk, A.JL.YUnx)

Taxoke pe3yabTaThl JAHHOTO UCCIEOBAHUS MOTYT OBITh MCIIOJIb30BAHBI JJIs
MOJIy4eHHsI 00JIe€ TOYHBIX Pe3ylbTaTOB Ha MPEINPUATUSAX, 3aHUMAIOIINXCS U3TO0-

TOBJICHUE aHAJIOTUYHBIX (POTOINOIOB.



PE®EPAT
IMlacrak Craniciaay BitaabeBiu

Jeimomnas mipana 37 crapoHki, 18 manmtonkay, 43 KpbIHILL.

AMIUTITYAHA-YACTOTHBIA i (pa3aBa-4aCTOTHBIS XapaKTAPbICTBIKI Ma-
ryTHbeIX 3BY ¢oraapiénay nias cicrom paanogoTroHuKH

HapykoBbis kipayHiki - 3araadblk Jiabapatopsli paguodotonuku JIHBA
«Ontbika, omTa’iekTpoHika 1 Jja3zepHas TdxHika" HAH benapyci, kanabigat
¢i3ika-maToMaTeuHbIX HaBYK Usbkx A.JL., marmpHT kadeapsl nazepHail (i-3uKu 1
cnekTpackamii b/[Y, kanasigar ¢izika-mMatamateiuHbix HaBYK Tapacay J1.C .

KarwuaBbisi ciioBbl: pagunodoronuka, marytasl 3BU doraneién, p-i-n ¢o-
taapién, orameién Llortku, InGaAs,, p-i-n dotagpién 3 yacTkoBa 30¢THEHBIX
HarJbIHAIBHBIM TUTacTOM, P-i-N hoTampién 3 mepaHocaMm ajHaro THITY HOCKLOITAy
3a-1pary .

Mbsra pa6oTel - jgaciaenaBaHHi P-i-N GoTtaapién 3 vacTkoBa 30¢AHECHAN
narjblHaJIbHAN BOOJIAacIiO 1 ApiaMeTpaM ¢oTaaadyBaibHBIX BoOjiacii 20 MKM Ha
aCHOBE JIBAMHBI HAHOTETEPOCTPYKTYpHI p + -INP / p + -InGaAs / n0-InGaAs / n + -
InP 1 siro amMmiIiTyAHA-4acTOTHBIX 1 (pa3aBa-4yaCTOTHBIX XAPAKTAPBICTBIK JJIA BY-
CHAY-pOMCTB 1 CICTAM paguo(POTOHUKH.

A0'ekTaM aacjeaaBaHHs 3'syisenna P-i-n ¢oragepién 3 yacTkoBa aben-
HEHHOU MarjsHaJIbHAN BOOIACIIIO.

MeTtaabl aacjenaBanHsi: BeIMAPIHHSA ¢a3el 3BU-cirHanmy aa macrasHHan
CKJIagHIKaM (DOTOTOKa, JacielaBaHHl aTphIMaHbIX aMIUIITYJHA-4YaCTOTHBIX 1 YHEp-
TeTBIYHBIX XapPaKTapBICTHIK.

ATpbIMaHbIfl BbIHIKI i iX HaBi3HA. ATpbIMaHbIs aMILUTITy/IHA-4aCTOTHBIA 1
(azaBa-4aCTOTHBISI XapaKTapBICTHIKI JocieaHara P-i-n ¢oragsléa mamaMararoib
yeransBaup  (i314HBIS  3aKaHAMEPHACL1 1 XapakTAPHBIS TAXHaAlIa-TUUECKHE
acaOmiBacili, SKis  BbI3HAYaKOIb  (PYHKIBISHAIBHBISS ~ MardybIMacill  BBICO-
KOCKOPOCTHBIX (oTaapiénay. [la BeIHIKaxX ABIJIOMHAN Tpalbl OblLla amyOia-KaBallb
apThIKy y 300pHIKY mpai 9-ait MiknaponHaii mikosie-kandepaHipii "CydacHbIs
npabseMsl (i3iki», sikas npaxoasina y r. Minck, 4-6 mictanaga 2020 roga, Ha3By
apThIKyla «DHEPreThIYHBIS XapaKTapbhICTBIKI MaryTHara pin dotaapién 3BY-
JbISITIA30Hy HAa acHOBE JBaiiHbI TerdpacTpykryp InGaAs / InP ». (Ayrtapsl
C.B.lllecrak, K.b.Mukutuyk, A.JL.Hux)

Takcama BBIHIKI a/3eHara Jacie/iaBaHHs MOTYIlb OBII[b BHIKAPBICTAHBI JJIS
aTpbIMaHHS OOJBIN JaKJIAAHBIX BBIHIKAY HaA MPAJNpPHIEMCTBAX, KIS 3aliMaroIa
BbIpa0aM aHaNariyHbIX oTaabénay.



ABSTRACT

Thesis work 37 pages, 18 figures, 43 sources.

~ Amplitude-frequency and phase-frequency character-
Istics of high-power microwave photodiodes for micro-
wave photonics systems

Scientific supervisors — Head of the Laboratory of Microwave photonics of
the State Research Institute "Optics, Optoelectronics and Laser Technology" of the
National Academy of Sciences of Belarus, Candidate of Physical and Mathemati-
cal Sciences Chizh A. L., Associate Professor of the Department of Laser Physics
and Spectroscopy of the BSU, Candidate of Physical and Mathematical Sciences
Tarasov D. S.

Keywords: Microwave photonics, high-power microwave photodiode, p-i-n
photodiode, Schottky photodiode, p-i-n photodiode with a partially depleted ab-
sorbing layer, p-i-n photodiode with the transfer of one type of charge carriers..

The aim of the work is to study studies of a p—i—n photodiode with a partially
depleted absorbing region and a photosensitive region diameter of 20 um based on
the p + -InP / p + -InGaAs / n0-InGaAs / n + -InP double nanoheterostructure and
its amplitude-frequency and phase-frequency characteristics for devices and mi-
crowave photonics systems..

Object of study: is a p—i—n photodiode with a partially depleted absorbing
layer.

Main research methods: measuring the phase of the microwave signal from
the constant component of the photocurrent, studying the obtained amplitude-
frequency and energy characteristics.

The results obtained and their novelty: The obtained amplitude-frequency
and phase-frequency characteristics of the p—i—n photodiode under study help to
establish physical laws and characteristic technological features that determine the
functionality of high-speed photodiodes. Based on the results of the thesis, an arti-
cle was published in the collection of proceedings of the 9th International School-
Conference "Modern Problems of Physics", which took place in Minsk, November
4-6, 2020, the title of the article "Energy characteristics of a high-power pin of a
microwave photodiode based on double heterostructure InGaAs / InP ™. (authors
S.V. Shestak, K.B. Mikitchuk, A.L. Chizh)

Also, the results of this study can be used to obtain more accurate results at
enterprises manufacturing similar photodiodes.



