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CopoepkaHue:

*Yrto Takoe S1DDY. KoHCTpyKIMS U NPUHIIAILL
NEUCTBUS

*OcHOBHBIC ITapameTpsl SIDDY

oS1IODY ceromus

[ Ipumeprl ncnonp3oBanus SIPIY

*Pa3zpabotka S1IODY mis peructpanuu cBeta 175HM
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JKcnepuMeHTanibHasa ousnka gng peructpaumm ceeta crnabow
WHTEHCUBHOCTM LLUPOKO UCNOJSIb3yeT BaKyyMHble PIJY
OcHoBHble HegocTaTkm PIJY:
*6onbLIME pasmMepsl,

*BbICOKO€E€ HanpaxXeHune nntaHnd
*4yBCTBUTEJIbHOCTb K MAarHUTHbIM MNOJ1AM

Hy>xeH demekmop HO8020 murna — 3aMeHa 8aKyyMHo20 ®JY.
N306pemeH e Poccuu e koHue 20 eeka (FacaHoebiMm A.I"., Fos108UHBLIM
B.M., Cadbicoebim 3.51., Ocunoebim H.FO)

MUDU - rpynna npod.B.A.lonrowenHa — ogHN U3 NnepBbIX pa3padboTunkoB — 1993r.



" «CCEPANN
HoBbin choTopeTeKkTop: KpeMHUeBbIN (POTOINMEKTPOHHbLIU
yMHOXUTEenNb (SiPIY)
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SiIPDY — oCHOBHbBIE OCOOCHHOCTMH
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SiPIY
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[‘errepoBCKUM paspsg

OCco0GeHHOCTHN renrepoBCKOro pexnma
*BbixogHOW curHan He 3aBUCUT OT BXOOHOIO

*BbixogHom curHan Q onpegensaeTtcs 3apsaom,

HaKOMMEHHbIM Ha EMKOCTU A4YENKN Cﬂqeﬁka

Q= Cﬂt—le|7||<a°(U- Uﬂp060'7')
M= Q/e —ycunexue
M=10°-10"

[NuUTensHOCTb renrepoBCKOro paspsaaa
OKOJ10 1 HC 1 ero npekpalleHue
npoucxoauTt bnarogaps
orpaHuyMBaloLEMY PE3NUCTOPY



N Sid3y

PyHKUMA OTKNMKaA SiDPIJY ¢ pa3HbIM YNCIIOM AYeeK

CBeT cnabom MHTEHCUBHOCTU
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OcHOBHble napameTpbl SIPJY
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napameTpbl SiPIJY

o, ¢ 3 e1agd nnhnedioniad arLooHanaddpe

™ N — o

\
N

(p]

L
~ -~

0

s0l ‘IN WUShE SUHBLINOA

U'Unp06017| , V

4

[MepeHanpsikeHne AU

1

U npobowm =48V

0




= napameTpbi Si®Y

CKOpOCTb cHeTa TEMHOBbIX UMMYNbCOB SIPIY B
3aBUCMMOCTM OT NMepeHanpsXXeHns ansg pasHbiX
TeMmneparyp
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= napameTpbl Si®Y

Ycunernue SiPIJY anga pasHbiX TeMmneparTyp
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U HanpsbkeHne npobos —> G=0

breakdown

MNepenanpsxernne AU=U-U, ...qomn

C noHmxeHneM TemMmnepaTypbl yMeHbLLUAETCS HanpsxxeHune npobosa U
TemnepaTypHas 4YyBCTBUTENbHOCTb Si®PJY
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= napameTpbl Si®Y
HanpsxeHune npoboa SidIJY B 3aBMCUMOCTU OT TeEMMepaTypbl
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Bpemsa BoccTaHOBIIEHUA AYENKA

MeTo napHbIX UMNYIbCOB (CpaBHEHWEe aMnnNuTyabl curHana SidJY oT 3agepkaHHOro
BTOPOro CBETOBOIO MMMyJibca Mnocrie 3acBe4YyMBaHns NepBbIM UMMYJTIbCOM)

T=R*C, rae R- racawunn peaunctop, C-eMKOCTb A4YEUKUN

Recovery time. SiPM Z105 (U=60,13). U, = =52.4V. 13/01/2005
LED L53SYC (595nm), t,_ . =10ns, U_ =-9v, L=1sm.
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= napameTpbl Si®Y

After-pulsing

Another problem: carriers trapped during the avalanche discharge and then released trigger
a new avalanche during a period of several 100 ns after the breakdown
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Events with after-pulse measured on a
single micropixel.

After-pulse probability increases with the bias

(C. Piemonte: June 13", 2007, Perugia)

Solutions: “cleaner” technology, longer pixel recovery time and smaller gain

CERN, SiPM workshop, 16.02.2011

Y. Musienko (loun Musienko@cern.ch) 24




= napameTpbl Si®Y

OnTnyeckas cBsi3b: 0Ha U3 OCHOBHbIX Npobrnem SiPJY

OnTnyeckasn cBAA3b — BEPOATHOCTb, YTO cpaboTaBLuasa fs4YenKa BbI3OBET
cpabaTbiBaHue Apyron A4enKku

A.Lacaita et al. IEEE TED(1993)

[‘errepoBCKUM paspsan NpmMBoauT K
N3Ny4YeHN0 BTOPUYHbLIX OOTOHOB

3 cdboToHa ¢ E>1.143B/10° HocuTenen

CBeyeHune a4yeek SiodY
OMUCCUNOHHbIN Mukpockon, MPI



= napameTpbl Si®Y

BnnaHme ontnyeckon cBa3u Ha curHan SiodY:
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K 100%, Si®3Y nepecmaem bbimeb
SiPBY u cmaHosumcs ria8UHHbIM
gomoouodom, pabomarowum 8
2elieep0B8CKOM pexxume
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BnunaHue ontnyeckon cBs3u Ha Wwym SiPIJY
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fnop=f-xtT , roe xt-ontn4yeckaa cBs3b, T-NOpor B s4enKkax

MeaneHHoe nageHne 4acToTbl TEMHOBbIX LUYMOB OT BEMNYMHBI NOpOra - OCHOBHOW
HegocTaTok SIPBY ¢ BbICOKOW ONTUYECKOW CBA3bLIO

B skcnepumeHTax, rae TpedyeTcs BbipabaTbiBaTb «CaMOTPUITEP», CKOPOCTU cYeTa
TEMHOBbIX MMMNYMbCOB HE NO3BOMAT YCTAaHOBUTb MUHUMAaNbHbLIA YPOBEHb NMopora.



H Si®3Y cerogHs

What is available /

MEPhI/Pulsar (Moscow) - Dolgoshein
CPTA (Moscow) - Golovin
Zecotek(Singapore) - Sadygov
Amplification Technologies (Orlando, USA)
Hamamatsu Photonics (Hamamatsu, Japan)
SensL(Cork, Ireland)

AdvanSiD (former FBK-irst Trento, Italy)
STMicroelectronics (Italy)

KETEK (Munich)

RMD (Boston, USA)

ExcelitasTechnologies (former PerkinElmer)
MPI Semiconductor Laboratory (Munich)

Novel Device Laboratory (Beijing, China) Pisls of the SiPM \
Philips (Netherlands)

Every producer uses its own name for this type of device: MRS APD, MAPD, SiPM,
SSPM, MPPC, SPM, DAPD, PPD, SiMPI , dSiPM...

14-15 March 2011 erika.garutti@desy.de 4/43



SiCDSY cerogHs

NopaBneHne ontuyeckoun ceaAsun. SiOIY MUOU

PacnpocTtpaHeHne BTOPUYHOIo 'lopasneHne BTOPUYHOIo
OMNTUYECKOro cUrHana BHyTpu Sid3Y: OMNTUYECKOro cuUrHana BHyTpu Sid3Y:
HeT 3awymuThbl OT KoMmnnekcHas 3awumra
ONTUYECKOU CBSAA3U
1. TlpsiMble (OOTOHDI > KaHaBKWU
2. OnddpysnoHHbIe HocUTenm » BTOPOW p-n-nepexon
3. CDOTOHI:I,VOTpaH(eHHbIe oT » obnacTtb MOBbILLEHHOIO NOrNoWweHnd
obpaTHOW CTOPOHbI KpucTanna cBeTa Ha 0bpaTHOI CTOpPOHE KpucTanna

n/mnmn B o6 beme NoaoXKKu

Vi % i % % Z)

KomnnekcHasa 3awmTta nogaBnsieT ontTuyeckyr cBasb B 50-100 pas.




"
[TapameTpbl SIOPJY, paspaboTaHHbix B MDA (auenka

100x100 MuMKpoHZ2, yyBCcTBUTENBbHAsA Nnowaab 1x1, 3x3mm?)

CneKTpan bHadA YyBCTBUTEJIbHOCTb

3ppeKTMBHOCTb pernctpaumm ceeta, %
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SiPIY, yyBCTBUTENbHbLIX K cBeTY 175 HM, HeT



0 Si®o3Y B DB

[lpoTOTKN TAWMOBOro agpoOHHOro KarilopMmeTpa Ha OCHOBE
SIOJY gna mexagyHapogHoro NMHENHOro Konnanaepa

(konnabopauma CALICE, MHTL, npoekt 3090 (2005-2007))

7620 Si®PJY — nepBoe B MUPE MAcCOBOE NMPUMEHEHNE

SiOJY unsrotosneHsl coBMmectHO MUDPU-TTYJIBCAP, npotectnpoBaHsl B UTID



ml Sid3dY B DB

3HepreTquCKoe pa3peLlieHune
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MZ)K.D.YHGPO.D.HC(SI KOCMUMYyeckaa ctaHuum4

15 anpens,2005

OxcnepuMeHT “LAZIO”(MUDU-INFN kosutadopanms)
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3aBUCUMOCTb UHTEHCUBHOCTU NOTOKA
KOCMUYECKUX YacTUL, OT LWNPOTLI
HayuHas 3ajaua:li3MepeHne MNoOTOKOB YaCTUI HU3KOW SHEPTUH U paJdallMOHHBIN

KOHTPOJIb
Texuunueckas 3agaua :nposepka padotel SIOIY B KocMoce




u Si®3Y B LXe

Vacuum UV detection by SiPM (LXe scintillation, 178nm,-95C):
E.Aprile,P.Cushman,K.Nu,P.Shagin

b 2 ]
Voltage
‘ li Test Pulse

Xe Gas
Cylinder

Xe Gas EG&G Shaping
ey » ORTEC |—*| Amplifier [— MCA
- i — 142AH ORTEC 450

The goal:LXe detectorwith very low threshold
for dark matter WIMPs search
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PaspaboTka SI®OJY anga permcrpaymu

na3nydyeHna 175 Hm

QPP eKTUBHOCTb perncrpauumn ceeTa £:

e=T*QE*G(U)*A, 33 g g g g g

roe .—.I.i- '|"." v v w v -|- -:.
| Ll | :
T-k03dhdMUNEHT NpoNyCcKaHUs CBETA, | yv ovoox ;
QE- BHYyTpeHHAA kBaHTOBAsA 3(EKTUBHOCTD, L, AKTVUBHAS §
G(U) — BEPOATHOCTb pasBUTUS FEUrepoBCKOro SERAtLOL 060aCTt |
paspana, | |
A — gona akTMBHOW nnowagn a4yenkn SidblyY |
Bo3moxHa He3aBmMcMmMas onTuMmusaumsa Bcex sYyenka
doakTopoB

Cuuntaem, uto G(U) n A Hamu yxxe ONTUMN3NPOBAHDI

3apada gnsa peructpaumm ceeta 175Hm: ontumuaunpoBaTtb T n QE




N Yo Siday

SidJY, paspabotaHHblie B MO

PDE =T -QE - A-G(U)
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N Yo SidY
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UHTepdepeHUns B TOHKMX
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[TlpocBeTneHne SiPY
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[ nybunHa nornowieHmns ceeta B KPEMHUN
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obnactb Bbicokoro nonsa — BHYTPEHHAA KBAHTOBAA QODPEKTUBHOCTD



B OF SiodyY

KBaHTOBbLIW BbIXO4 B KPEMHUN OT 3HEPTUN (POTOHA
ONA pa3HbIX TeMneparTyp
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MNMpu aHeprun potoHa > 3eB (<400HM) BO3MOXHO nosiBrnieHne bonee,
YyeM OHOM INEKTPOHHO-AbIPOYHOM Napbl HAa OAUH (POTOH



B Mocneumnynbcbl
TemHoBOM cyeT SIPBY B 3aBUCMMOCTU OT

I'IepeHaI'IpFDKeHI/IFI AJiA p83HbIX TeMHepaTyp
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TeMHoBblE MNYNbLCHI U

nocnenmMmnynbcbl SIPIY Npm HU3KOU
Temnepartype
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N Yo Siday

Pa3paboTka HoBbIX moaudukaumm Sid3yY

y TexHonoruyeckoe
JIJ1s1 KasKA0ro U3 NpHUI0KeHH I o o
HeoOX0AMMAa pa3padoTKa mojpenmpoeaHme ogHOU a4euku
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Cooled SiPM matrixes module for astropartical applications

P. Buzhan et al. / NIM A 610 (2009) 131-134
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Timing with 3x3mm? 100B SiPM

40ps laser 405nm single photon mode
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Best value for 3x3mm2 100B SiPM is 205 ps (FWHM)
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Voltage stability SiPM 100B for 5V (15%) overvoltage
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" =Emperature stability SiPM 1008

AV=4V (12%) overvoltage for T=20°C

Ubreakdown (V)
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Laser in single photon mode

A 3x3mm?
Temperature -40C
Room temperature
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35ps FWHM timing resolution was measured with100um SPAD using single photons
A.Gulinatti, P.Maccagnani, |.Rech, M.Ghioni and S.Cova
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Main SIPM’s parameters.

Time resolution,

1 10 100 1000
Number of photoelectrons Nphe

ADVANCED TECHNOLOGY & PARTICLE PHYSICS Proceedings of the 7th International Conference on ICATPP-7
Villa, Olmo, Como, lItaly, 15 - 19 October 2001

B.Dolgoshein et al.“THE ADVANCED STUDY OF SILICON PHOTOMULTIPLIER”
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CPTA(Golovin)/Photonique SSPM
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(Y. Musienko, PD-07, Kobe)

SiPMs with 60-80% geometric factor (for 50-100 um cell pitch) were produced
High sensitivity in green-red region
With optical crosstalk suppression



High dynamic range - MAPD from Zecotek /
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Hole

Micro-well structure at 2-3um depth with multiplication regions located in front of the’
wells offer 10000—40000cells/mm? and up to 3x3mm? in area were produced by Zecotek‘
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(Z. Sadygovet al, arXiv;1001.3050)
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Carput

No quench resistors instead specially
designed potential barriers are used to

quench the avalanches.
14-15 March 2011 erika.garutti@desy.de 17/43
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Zecotek
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CERN, SiPM workshop, 16.02.2011

MAPD cell recovery is not exponential

MAPD (3N type) cell recovery (measured using 2 LED technique)
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Y. Musienko (louri.Musienko@cern.ch)
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