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HanpaBneHne Hay4yHOW OeATeNIbHOCTU

Pa3paboTka u npumeHeHue UHHOBALMOHHbIX
NosIyrnnpoBOAHUKOBbLIX AEeTEKTOPOB B 3KCMNEePUMEHTaXx
oU3nKN BLICOKUX IHEPrumn n aaepHon Pnsmku

CopepxaHue goknaaa
KpaTkaa ucropusa temol. TBepaotenbHblie ®IJY
CoBpeMeHHOe COCTOSAHMEe U NepPCneKTUBLI
Pe3ynbTaTthl 32 OTYETHbLIN Nepuoa
Hay4yHo-negarorn4yeckas AeATeribHOCTb
Bnvxauwue nnaHbl

ok owhE



Llenblo paboTbl ABNsANacb cosgaHne pusnyeckmnx
OCHOB paboThbl TBepPAOTENbHbLIX aHaNnoros
BaKyYYMHbIX (POTO-3NEKTPOHHbIX YMHOXUTENneun (PIJY)




Hamun paspaboTtaHbl 1 3anaTeHTOBaHbI TPU TUNA
nonynpoBOAHUKOBbLIX aHarnoros ®JY

The three advanced versions of AMPDs

Indv. surface
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. '% % p-n matrix Indv. drift -? .
Al grid 8 channel P-nmatrix A orid
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Si wafer Si wafer
AMPD with individual surface resitors AMPD with surface drift channel.
Patent 2102820 from 10.10.1996. Patent #2086047 from 30.05.1996.
Avalanche SiO2
Al contact ? -% region

Deep micro-well for
p-Si epi. layer of charge collection
d~5u Density~104 mni 2

AMPD with deep micro-wells
Patent application #2005108324 from 24.03.2005.

4th International Conference on “New Developments in Photodetection”.
Beaune, France - June 19-24, 2005..
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/Sadygov.pdf
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Hawun Hay4YHble pe3ynbTaThl U pa3pabdboTku NpusHaHbl BO BCEM
Mupe. 3TO — MUKPO-NUKCeribHble NaBuHHbIe ¢poTtoanoab! (MITPA).
3a pybexxomM UX 4acTo Ha3bIBaKT KaK KpeMHUEeBbIU
doToymMHOXUTENb (MO-aHIMUNUCKU SiPMS) unu mukpo-
NMUKCenNbHbIN c4eTYUK poToHOB (No-aHrnmmnckn MPPC)

History of Solid State Single Photon Detectors

The next step was logical:

Subdivide the MRS structure into
many cells and connect them all in
parallel via an individual limiting
resistor. The SiPM is born.

ey personalities in this developmen From Sadygov's patent (1998)
are V. Golovin and Z. Sadygov.

France, Beaune 2005 D.Renker, PSI

http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf



http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf
http://ndip.in2p3.fr/beaune05/cdrom/Sessions/renker.pdf

Nuclear Istruments and Methods in Physics Research A 853 (2017) 1-8

The Strip Silicon Photo-Multiplier: An innovation for enhanced
time and position measurement

K. Doroud™*, M.C.S. Williams™", K. Yamamoto*

* CERN, Geneva, Switzerland
> INFN, Bologna, Italy
“ Solid State Division, Hamamatsu Photonics K.K., Hamamatsu, Japan

1. Introduction

The Silicon PhotoMultiplier (SiPM), a solid-state photon counting
detector, has been developed through the pioneering work of Golovin
[1] and Sadvygov [2]. The device consists of an array of small avalanche
photo diodes run in Gieger mode. A single photo electron can cause a
Geiger breakdown in an individual photo diode and create a detectable
signal, thus these photo diodes are known as single photon avalanche
diodes (SPAD).
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KapTta B3sita us uctouHmka: W. Ootani ICEPP, University of of Tokyo. Special Workshop on Photon
Detection with MPGDs. June 10th, 2015 CERN

“MJTPA” npnbopsbl, BepBble pa3paboTaHHbIe HaMKU, BbINyCKaloTcA OGonee,
yem B 10-u ctpaHax, B Tom yucne B CLUA, KaHape, AAnoHuu, NepmaHun,
Utanun, Upnanguum n B gpyrux.

B HacToswee Bpema “MJID” npnbdopbl, HasbiBaeMble Takxke “SiIPMs” nnu
“MPPC” wmnpoko npuMeHsroTca B Taknx MexayHapoaHbIX 3KCnepuMeHTax
kak CMS LHC, NICA, JUNO, NA61, COMPASS wu gpyruve.



Kak BuaHO, B Mupe cyLiecTByeT XXeCTKaa KOHKYpeHUus B
obnactu pa3paboTkun n nsroroesneHns HoBbix MJIP[ c
yrnyulleHHbIMU napamMeTpamMu.

Ona u3rotoBrieHUsA 3KCNepuMeHTarnbHbIX 06pa3uoB U
peanusauumn Hay4HbIX pe3ynbTaToB HaMM CO34aHbl
MexpayHapoaHaa konnadopauua — MJ1P[ konnabopauumsa.

YyactHukn “MINPO konnadopaumn’:

OUAWN, 3aBoa «MukpoH» (Poccus)

Zecotek Photonics (KaHapa) n 3aBog «MIMOS» (Manansus)
Ud n UPIM HAHA, 3A0 HUAW (AsepbangxaH)



AGREEMENT #11/18
of collaboration on joint scientific,
technological and innovative activity on
development and application of micro-pixel
avalanche photo diodes (MAPD
collaboration).

April, 11,2018.

The research organizations:
Joint Institute for Nuclear Research - JINR
(Joliot-Curie St, 6, 141980, Dubna, Moscow
Region, Russia),
National Nuclear Research Center under
Ministry of Communications and High
Technologies - NNRC MCHT
(Inshaatchilar Avenue.4, AZ1073, Baku,
Azerbaijan),
institute of Radiation Problems of National
Academy of Sciences — IRP ANAS
(B.Vahabzade str., 9, AZ1143, Baku,
Azerbaijan Republic)

and
Companies — manufacturers of innovative
product:
Company “Zecotck Imaging Systems Pte.
Ltd ” — Zecotek (21, Kallang Avenue, #03-
177, Singapore 339412).
Company “Dubna-Detectors Ltd.” (Joliot-
Curie St, 11, 141980, Dubna, Moscow
Region, Russia)
hereafter collectively mentioned Parties have
agreed to create a collaboration for joint
scientific, technological, and innovative
activities on development and application of
micro-pixel avalanche photo diodes (MAPD).

1. Goal and Subject of MAPD
collaboration.

1.1. The goals of the collaboration are carry
out professional trainings of young staff and
to provide as soon as possible the fabrication
of new high-tech products based on the latest
achievements of science and technology.

1.2. The subject of the present Agreement is
the development and fabrication of new types
of micropixel avalanche photodiodes
(MAPD) and others avalanche devices for

COTJAMEHHUE Ne11/18
0 COBMECTHOMH Hay4HOM, TEXHOJIOTHYECKOH
MHHOBAIIMOHHOM JIEATEIBHOCTH 110 pa3paboTke U
MPUMEHEHHIO MHKPOITMKCE/IBHBIX JIABUHHBIX
¢oroanoon (MJI®D]1-konnabopanus).

“11” Anpenst 2018 r.

HayuHo-Hcere10BaTeIbCKHE OpraHi3alliu:
O0beIMHEHHBIH HHCTHTYT SUIEPHBIX HCCIE10BANHIT -
OWSIH (Y auua XKommo-Kiopu. 1.6 . 141980, r.
Jly6na MockoBckoii obnactu, Poceus),
Hammonanbusiii Ientp Saepunix Hecaenopanmii
Munucrepersa Cessn u Beicoknx Texnosoruii —
HISIU MCBT (Ilpocnekt UHiaarannap, n.4,
AZ1073, baxy, Azepbaiikanckast PecnyGinka),
Hucrutyt Paguanuonusix [podaem
Hammonaabnoii Akagemun Hayx — UPITHAH
(V1. B.Baxa63aze, 9, AZ1143, baky, '
Asep6aiipkanckas PecnyGiuka)

"
(UPMBI-IPOU3BOMTEIM HHHOBAIIMOHHON
HPOYKIMHU:
Komnanus “Zecotek Imaging Systems Pte. Ltd” —
Zecotek (21, Kallang Avenue, #03-177, Singapore
339412),
000 “Hayuno-npou3BojAcTBeHHOE 00beHHenHe
Jly6mna-/Aerextopni” — HI1O “Jly6ua-Jlerextopbl” (
Vuua Xommo-Kropu, a.11 , 141980, r. Jly6na
MockoBckoii 061acTi, Poccust), BMECTE YIOMSIHYThIE
B nanpHelineM kak CTOpOHbI JIOTOBOPHIIACH O
COTPYIHYECTBE s COBMECTHO# HAYUHOM,
TEXHOJIOrMYECKOH M MHHOBAIMOHHOM JCSTETbHOCTH
110 pa3paboTKe ¥ MPUMEHECHUIO MUKPOTTHKCE/IbHBIX
siaBuHHBIX Goroanonon (MIID/).

1. Ilesiu 1 ipeIMeThbL MJID/I-ko 1abopanum.

1.1. LlensiMu COTPYIHMYECTBA SBISIOTCS MOArOTOBKA
MOJIO/IbIX TTPO(dECCHOHATBHBIX KaApOB U
obecrneyenue CKOpeiilero BbIlycka HOBBIX
HAayKOCMKHX TPOJIyKLMHi, OCHOBaHHBIX Ha
TEPEIOBBIX JIOCTHXEHHAX HAYKH H TEXHOJIOTHH.

1.2. TIpeMETOM COTIANIeHHUs! BIIseTCs paspaboTka 1
NPOM3BOACTBO HOBBIX THIOB MJID/] 1 Apyrux
JIABUHHBIX IIPHOOPOB JUIs IPAKTHYECKOT0
npumenenus. ThiaHupyeMbIM pe3yabTaToM
cOrIaleHus SBISETCS CCPHHHBIA BBIIYCK

-




and technological projects.

3.4. All Parties agree to exchange members of
their staff for participation in experiments, for
processing and analysis of experimental data,
as well as for rendering paid research and
technological services.

3.4. Results of joint studies may only be
published in research journals or other mass
media upon mutual agreement of the Parties.

4. Representatives of the Parties
responsible for coordination and execution
of works.

4.1. The collaboration is coordinated by

7. Ya. Sadygov (zsadygov(@gmail.com),

S. I. Tyutyunnikov (tsi@sunse.jinr.ru ) and
F. 1. Ahmadov (farid-akhmedov@yandex.ru).

5. Term of the Agreement

5.1. This Agreement takes effect of the date
when it is signed by duly authorised
representatives of the Parties and remains in

full force until the 31% of December 2023.

Signed by:

Director of JIN

Chairman of NNRC MCHT

A. A. Garibov

3.4. CTOpOHBI COIJIAIIAIOTCSl OOMEHNBATLCS
COTPY/IHMKAMM JUISL y4aCTHs B OKCIIEPUMEHTAX,
06paboTKM 1 aHAIM3a YKCIIEPUMEHTANIBHBIX JIaHHBIX,
a TaKKe JUls OKa3aHHs OTJIauMBaeMbIX HayuHBIX H
TEXHOJOTHYECKHUX yCIIyT.

3.4. Pe3ynbTaThl COBMECTHBIX HCCIIE/I0BAHHH MOTYT
GBITH ONYOJIHKOBAHbI B HAYYHbIX JKypHAJIAX HITH
MHBIX CPE/ICTBAX MAaccoBOH MHPOPMALMHU TOJIBKO 110
cornacuio CTOpoH.

4. JIuna, OTBETCTBEHHbIE 32 KOOPAHHAINIO
BBINOJIHEHHs] padoT.

4.1. Koopamuaropamu KonnaGopaimn siBjsiioTCs
3.51. Canpiros (zsadygov(@gmail.com ),
C.W.TIOTIOHHHHUKOB (lsi@sunse.jinr.ru )

®. U.AxmejoB (Farid-akhmedov@yandex.ru ).

5. Cpox neiicreusi Corniamenust.
5.1. Jlannoe Coraimenue BCTYIIaeT B CHIly €
MOMEHTA MO/IITUCAHUS MOTHOMOYHBIMH

npescrapuTensmu CTOPOH M ocTaeTcst B cuiie 10 31
nekadps 2023 roja.

[Toanucu CtopoH:




E)irector of IRP ANAS Jlupektop

0. A. Samedov 7108

Chief Operations Officer of Zecotek Ima i MenosHUTEIbHBIH uupefrop
omnanun Zecotek Imaging Systems Pte. Ltd

Executive Director of “Dubna-Detectors Ltd”.

T. Yu. Bokova




MAPD Device Fabrication #1/2

= Partner: MIMOS Semiconductor (Malaysia)

= Features:
Industry standard 8-inch CMOS Fab : Class 10, 1200 m?
Minimum feature size : 0.35 ym
Wafer-level testing and failure analysis capabilities

ISO 9001 certified

@)
@)
@)
@)




MAPD Device Fabrication #2/2

Diced 8-inch MAPD device




OcHoBHbIe pe3ynbTrathl U nnaH padot 3. A. Caabirosa Ha 2016-
2020 roabl

HasbiBaHue 3agaym B pamkax tTembl MPD NICA.

«Pa3paboTtka MeTogoB NoBbILWEHNA npeaena NMMHENHOCTU 1 BEPOSTHOCTH
OEeTEKTUPOBAHUA (OOTOHOB KpeMHUEBLIX POTOINEKTPOHHBLIX YMHOXUTENEN,
ncnonbdyembix B npoekte MPD NICA»

Pe3ynbraTthl.

« Pa3paboTaH 1 U3rotoBsieH HOBbIN KpeMHUEBbBIN OOTOYMHOXUTENb
(SIPM), umetowmin B 4 pasa MeHbLUYIO yOenbHYH eMKOCTb Mo
CpaBHEHWIO C aHanoramu npu paboyem HanpsikeHun 53B. HoBbIN
netektop nmeet 35% BepPOATHOCTb AETEKTUPOBAHUS (POTOHOB Mpwu
pasmepax nukcenen 15 mkm. HysctButenobHasa nnowanb — 3,7MM*3,7MM.

« [logroTtoBka K 3awmTe AnccepTtauum aByx acnupaHToB oT AsepbangxkaHa
(Cabyxu MycaeB n Pamurbs Akbepos).

NMnaH pa6ot Ha 2021-2023 roAabl.

Pa3spaboTka KpeMHUEBbLIX OTOyMHOXUTENEN (SIPM) C BbICOKUM
ObicTpOAENCTBMEM U pagnaLMOHHON CTONKOCTBIO.

3aBeplUueHne KaHangaTcknx paboT aByx acnupaHToB AsepbangxaHa
(Cabyxn MycaeB n Pamunb Akbepos) B 2021 roay.
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CNACUBO 3A BHUMAHMUE!



