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PE®EPAT

Hunmomuas pabota: 59 c., 24 puc., 1 Tabi., 16 HCTOYHUKOB.

KPEMHUEBBIE ®OTOYMHOXWTEJIN, JIWMOJIHBIE CTPYKTYPhI,
OBJIYUYEHUE, AJIb®A-UACTUILIBI, PAJIUATTMOHHBIE JIE®EKTHI.

Obvexmbl ucciedosanuil: ONBITHbIE 00pa3libl MalorabapuTHBIX KPEMHHEBBIX
(OTOYMHOXHTEJICH, U3rOTOBJICHHBIX Ha p-Si.

L]env pabomul: n3yueHue BAUSHUS 00ydeHUs alib(a-yacTUllaMi Ha TEMHOBOM
TOK ONBITHBIX OOpa3lOB MaJOTa0APUTHOTO KPEMHHEBOTO (HOTOYMHOXKHUTENS C
ONTUYECKOMN M30JISIIUEHN TUKCENEeH METAITIM3UPOBAHHBIMU KaHABKAMMU.

Memoouwl uccreoosanus: ViccnenoBaHo BIUsHUE 00JydeHUs allb(a-dyacTUIIaMU
c osHepruer 5 M»rB Ha mpsMble W oOparHble (TEMHOBBIE) BOJbTaMIIEPHBIC
xapaktepuctuk  (BAX) MajoraGapuTHBIX  KPEMHHEBBIX  (DOTORIEKTPOHHBIX
ymHOXxuTenerd (SidDY) ¢ 1004 akTHBHBIMH sSYeHKaMH B BUAC N'-P-p*-IHOIHBIX
CTpYKTyp. Bce sdeiikm ONTHYECKH SKpaHHPOBAHBI JAPYT OT JApPyra ¢ ITOMOIIBIO
pa3enuTEeNbHBIX METANIM3UPOBAHHBIX KaHABOK B BUJIE pEIIETKU. BBIBOJ MeTamia
(W) pasgenuTenbHOM KaHAaBKM 3JICKTPUYECKH COCAMHEH JHO0 ¢ N™-001acThio
(oOpasiel 1-ro Thma), nub0 ¢ p*-o6macTeio (00Opasipl 2-ro  Tuma). OOpasisl
o0JIyqJaJIUCh B PEKUME JJABUHHOTO TTPO00s Uik 6€3 00paTHOTO CMEILICHHUS.

llonyuennvie pe3ynomamol u ux HO8U3HA: YCTAHOBIIEHO, YTO HAUOOJIEEe CUITbHBIE
U3MEHEHUS] TEMHOBOTO TOKAa B pe3yibTare OOJydeHHs alib(a-dacTUIlaMH
HAOMIOMAIOTCS NIl OMBITHBIX 00pasioB SidPDY 1-ro Tuma B aKTUBHOM PEXHUME
o6nyuenus. Tak, npu ¢moence yactu @ = 2,2:10'° cM™ TeMHOBOM TOK BO3pOC Ha
yeThIpe Topsika. [lokazaHo, 4TO TIPU TOM K€ 3HAYCHUH @ HE3aBUCUMO OT peXUMa
o0y4deHHs] OMBITHBIX 00pasnoB SiDPDY 2-ro Tuma W mpu TAaCCHBHOM PEXHUME
oOmyueHus 00pasIoB 1-ro Tua TEMHOBOM TOK yBeTUYHBAETCs TOJIbKO B 10 pas.

[TomydyeHHsie  pe3ynbTaThl  OOBACHSIIOTCS  BIUSHHEM Ha  0OpaTHYIO
XapaKTEPUCTUKY HAKOIUICHHOTO B TMPOIlecce OOMydeHUS 3apsfa B TUDICKTPUUCCKUX
CJIOSIX Pa3JCIMTEIIbHBIX KaHABOK M TIOBEPXHOCTHBIX COCTOSIHMM Ha TpaHUIIax pa3jela
ITHX CJIOEB C P-Si aKTHBHBIX SYCEK.

Obnacmb ~ 803MONCHO20 —~ NPAKMUYECKO20 — npumeHeHus.  Pe3ynbTarel
MIPOBEICHHBIX HCCIICIOBAHUN TPEACTABISIIOT MHTEPEC C TOUKH 3PEHUS Pa3paboTKu

TCXHOJIOTHH U3IOTOBJICHUA paﬂHaHHOHHOCTOﬁKHX KPECMHHUCBBIX @OTOYMHO)KHTCHGI\/JI.



PODEPAT

Heimomnas npana: 59 c., 24 main., 1 ta6:., 16 kpeIHi.

KPAMSHEBBISI ®OTAINAMHAXAJIBHIKI, JBIEJHBIA CTPYKTYPHI,
ATIPAMSTHEHHE, AJIb®A- YACIIIBI, PAJIBIALIBIMHBI JIDPEKT.

Ab'exmbl dacnedasants: NacBeAYaHbIs Y30pbl Majlara0apbITHBIX KPaMSHEBBIX
¢doramaMHakalbHIKay, BbIpaOJIEHBIX Ha p-Si.

Mbma oacneoasanns’: BBIByYdHHE YIUIBIBY allpaMeHbBaHHs ajb(a-daciinami Ha
TEMHAaBBI TOK BOIIBITHBIX y30pay ManarabapsiTHara kpamsinéBara (hotarnaMmHakaibHIKa
3 anThIYHAN 13aJSUBIAN MIKCEsy MeTali3aBaHbIM1 KaHAYKaMmi.

Memaowl oacnedasannsa: JlacnenaBan yIuibly anpaMeHbBaHHS ajib(ha-daciinami
3 aHepriail 5 MOB Ha mpambisg 1 3BapoTHbIsS (TeMHaBbis) BAX manaraGapbITHBIX
KpaMsiHEBBIX (oTanamHakanbHIKay (SiPDY) 3 1004 akThIYHBIMI BOUKaMi ¥ BBITJISAI3E
N*-p-p* - OBIEAHBIX CTPYKTYp. YCe BOUYKI amnThlYHA DKPAHABAHBIA aa3iH aj aIHaro 3
JanaMorail pa3a3suIsIbHBIX METalli3aBaHbIX KaHABaK Yy BBHITISA3E pamioTki. BeicHOBa
metany (W) mam3suisiabHai KaHayKi SJIEKTpiYHA 37ay4aHbl aab00 3 n* -BOOJACIO
(y3o0psI 1-ra ThINy), aa600 3 p* - BoOmacIito (¥30pbl 2-Ta ThIMY). Y30phl alpaMsSHSUIICh
¥ paKbpIMe JIaBiHHAra rnpados 1 6e3 3BapoTHara 3pymdHHS.

Ampowimanvlis 8bIHIKI [ X HAGI3HA.! YCTAHOYJICHA, IITO HANOOJbII MOITHBIS 3MEHBI
TEMHaBOra TOKY Y BBIHIKY ampaMeHbBaHHs aib(a-yaciinami Hasziparonua s
BONBITHBIX y30pay SiIODY 1-ra Thimy ¥ aKTBIVHBIM PIKbIME aripaMsiHeHHS. Tak, Mpsl
¢mroency wacuinm @ = 2,2-10° ¢cm? TemMHaBBI TOK Yy3pOC Ha 4YaTHIPhl MApajKy.
[lakazana, mTO TpHl THIM >ka 3HauUdHHI P HE3amexkHa aa PIKBIMY ampamsHEHHS
BONBITHBIX y30pay SiDPOY 2-ra Thimy 1 Opbl NaciyHbIM PIKbIME anpamMeHbBAHHS
y30pay 1-ra Teilly TeMHaBbI TOK NaBsjiyBaena Toybki ¥ 10 pazoy.

ATpbpIMaHbIg BBIHIKI TJIyMadalllia yIUTbIBaM Ha 3BApOTHYIO XapaKTapbICTHIKY
HasamaimiaHara Yy Tmparnpce ampamMeHbBAaHHsS 3apaja ¥ ABIJICKTPBIYHBIX IJIACTaxX
pa3I3sUISIIBHBIX KaHABaK 1 TAaBEPXHEBBIX CTAHAY Ha MEXKax IMaj3ely TIThIX ciaéy 3 p-
Si akTBIYHBIX BOYaK.

Bobnacybv macuvimaca npakmuvlunaca npuiMsaHeHHs: BBIHIKI TpaBea3eHbIX
JacielaBaHHAY yAYJIAIONb IIKaBaclb 3 MMyHKTY TJEIKaHHS paclpanoyki TIXHAJIOT11

BbIpaOy paabIAIBIHHACTOMKIX KpaMsSHEBBIX (DoTamaMHaKaabHIKaY .



ABSTRACT

Thesis: 59 p., 24 ill., 1 tab., 16 sources.

SILICON PHOTOMULTIPLES, DIODE STRUCTURES, IRRADIATION,
ALPHA PARTICLES, RADIATION DEFECTS.

The object of research: prototypes of small silicon photomultipliers made on P-
Si.

Objectives: Studying the effect of irradiation of alpha particles on the dark
current of prototypes of a small-sized silicon photomultiplier with optical insulation of
pixels with metallized grooves.

Methods: The effect of irradiation of alpha particles with an energy of 5 MeV
on direct and inverse (dark) voltage-current characteristic of small-sized silicon
photomultiplier (SiPM) with 1004 active cells in the form of n*-p-p + diode structures
were investigated. All cells are optically shielded from each other using separation
metallized grooves in the form of a grid. The metal terminal (W) of the dividing groove
is electrically connected either with n*-region (samples of the 1st type), or with p*-
region (samples of the 2nd type). Samples were irradiated in an avalanche breakdown
mode and without reverse displacement.

Obtained results and their novelty: it has been established that the most severe
changes in the dark current as a result of irradiation of alpha particles are observed for
prototype SiPM 1st-type samples in active irradiation mode. Thus, with flux of
particles F = 2,2 10'° cm™, the dark current increased by four orders of magnitude. It
is shown that at the same value of F, regardless of the irradiation mode of the prototype
SiPM 2nd type, and at passive irradiation mode of the samples of the 1st type, the dark
current increases only 10 times.

Obtained results are explained by the influence on the reverse characteristic of
charge, accumulated during irradiation in the dielectric layers of separation grooves
and surface states at the boundaries of these layers with P-Si active cells.

Area of possible practical application: The results of researches are of interest
in terms of the development of manufacturing technology of radiation-resistant silicon
photomultipliers.



