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JKcnepumMmeHTanbHaa chmn3mka gnsa peructpauum ceeta crabooun
MHTEHCUBHOCTU UCMNOJb3yeT BaKyyMHble PIY

OcHoBHbIe HepgocTaTku OJIY:

*0onbLlne pa3mepbl,
*BbICOKOE HanpsikeHue nuTaHus
*4yyBCTBUTENIbHOCTb K MarHUTHbLIM NOJIAM

Hy>xeH demekmop HOB8020 murna — 3aMeHa 8aKyyMHo20 ®JY.
N306pemeH e Poccuu e koHUe 20 eeka (B.onnoeuH, 3.Cadki2oe,
H.FOcunoe nameHnm #1702831 om10/11/1989)

MUDU - rpynna npodh.Bb.A.JlonrowenHa — ogHN U3 NnepBbIX pa3padboTunkoB — 1993r.
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npobnema SidJY
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G.Collazuol - PhotoDet 2012

Many institutes/companies are involved}|
in SiPM development/production:

e CPTA, Moscow, Russia

e MePhi/Pulsar Enterprise, Moscow, Russia Philips |

e Zecotek, Vancouver, Canada CMOS |

* Hamamatsu HPK, Hamamatsu, Japan

* FBK-AdvanSiD, Trento, Italy

e ST Microelectronics, Catania, Italy

* Amplification Technologies Orlando, USA

e SenslL, Cork, Ireland

e MPI-HLL, Munich, Germany

* RMD, Boston, USA

e Philips, Aachen, Germany

e Excelitas tech. (formerly Perkin-Elmer)

e KETEK, Munich, Germany

* National Nano Fab Center, Korea

* Novel Device Laboratory (NDL), Bejing, China

e E2V

* CSEM Amplification
" 7 = Technologies
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HanpaBneHusa pa3utua Sid®3lyY

*SiPIJY bonbLUOM NnoWwaan

‘MaTpuubl U TIMHEUKN

*SIPIY ¢ makcumanbHom (pekopaHon) achpheKTUBHOCTLIO
*SIPIY, yyBCTBUTENLHLIE K IMYOOKOMY (BaKkyyMHOMY) YO
*SIPIY, YyBCTBUTENbHLIE K 3€JIEHOMY CBeTY

SiPIJY c bonbLWUM AMHAMUYECKUM AnanasoHOM
‘PagunaumnoHHo-ctoukue Sidly

«BbbiCcTpbIE» SIPIY
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Large Area SiPMs ==

ZECOTEK MAPD-3N ASD-SiPM4S HAMAMATSU $S10985 KETEK PM3350

STMicroelectronics

/

.

Producer Reference {fnr;az) PDEmax @ 25°C* DFJ:)C(;U;;EE‘:E Gain *
ZECOTEK MAPD-3N 3x3 30% @ 480 nm 9.10°-19.10° 10°
FBK - AdvanSiD | ASD-SiPM4S 4x4 30% @ 480 nm 5.5 107 - 9.5 107 4.8 10°

50% @ 440 nm (includes 6.105— 10.108

HAMAMATSU | s10985-50c | 6x6 7.5 10°
MaTpuua 2x2 afterpulses & crosstalk)
6
KETEK PM3350 328 40% @ 420 nm 4.106 2 10
3,2 X 16% @ 420 nm 6 6
STMicrolectronics | SPM35AN 35 ° 7.510 3.210
Excelltas sxsmm‘ * datasheet data

Ongoing R&D to increase the active area at KETEK, AdvanSiD, Excelitas (6 x 6 mm?)
Other solution to get larger area : connection of several channels of a matrix

!

\. Puill, IEEE NSS Conference, Anaheim, Nov 1 2012
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2/ SiPMs arrays (discrete 1) SIEEE

Important effort on the package development
= SiPMs are buttable with very small gap

* bhuilding of detectors with large surface

» building of compact detectors with large active area

examples of matrix backside

HAMAMATSU

$11834-3388DF
Zecotek
FBK

ASD-SiPM4S-P-4x4T-50

%
- &_‘

4x4 channels
1 channel = 4x4 mm?

5$11064-025
6400 cells (50 x 50 pum?)
/channel 8x8 channels 4x4 channels
1 channel = 3x3 mm? 1 channel= 3 x 3 mm*
15000 cells /channel 14400 cells (25 x 25 um?) /channel

8
W, Puill, IEEE N5S Conference, Anaheim, Nov 1 2012



2N SiPMs arrays (discrete 2) E

Sensl Philips Digital Photon Counting

ArraySL-4p9-30035 DLS-6400-22-44

SL-4-30035-CER 46 mm 8x8 channels
1 channel = 3.9 x 3.2 mm?
4x4 channels )
5 6396 cells (59 x 32 um*®) /channel
1 channel= 3 x3 mm Electronics embedded
4774 cells (35 x 35 um?) /channel
ArraySM-8 — ——=— through silicon
e vias
8x8 channels development
1 channel=6 x 6 mm? Hamamatsu
18980 cells /channel
new surface mount package KETEK

9
V. Puill, IEEE NS5 Conference, Anaheim, Nov 1 2012



22/ SiPMs arrays (monolithic)

* improve spatial resolution and PDE
* simplify the assembly

# monolithic SiPM matrices

HAMAMATSU FBK DASIPM?2 project

4x4 channels .
1 channel = 3x3 mm? IV curves of the
3600 cells (50x50 um?)/channel 3. 64 elements
11828-3344 1827
R Y N T T T T
3 sides tileable (4 sides segn now) 8 x 8 channels Lo N T

Marcatili et al, NIMA 659 (2011) 494-498

1 cathode — 16 anodes

( Ongoing R&D at AdvanSiD to improve the performances
Gain map (71.9V,0°C)

Gl 4 100

40 pin socket

M

w2
n
=

1725

4

4 x 4 MPPC matrix
- ~ 144 mm?

9.2

64 channels
1.5x1.5 mm2 SiPMs (pixels)

LW
ave. gain = 9.7x10°

$10985 - 36x36 mm?
57600 cells Kato et al, NIMA 638 (2011) 83-91

C. Piemonte, private communication

AL

V. Puill, IEEE NSS Conference, Anaheim, Nov 1 2012
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SiPIJY ¢ makcumanbHom (pekopaHoun) 3achheKTUBHOCTLIO
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Gain vs. Bias

Dark Count vs. Bias @!’

KETEK-50D-adv SiPM, T=23 C KETEK-50D-adv SiPM, T=23 C
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KETEK-50D-adv SiPM, T=23 C

PDE vs. Bias G;

45
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[ Yo SidodY

HenTpuHHbIE 3KCNEePUMEHTbI Ha XXUAKOM KCeHOHe (aproHe) — 178Hm (128Hm)

[‘nybuHa nornoweHnsa kopoTkoBosiHoBoro ceeta (<200 HM) ~5 HM

AP EKTUBHOCTL perncTpaymm ceeta &:

e=T*QE*G(U)*A,
roe
T-KoadhPMUMEHT NponycKaHNs CBETA,
QE- BHYTpeHHAA kBaHTOBAs 3 (PEKTUBHOCTD,
G(U) — BEpOATHOCTb pas3BUTUSA renrepoBCKOro
pas3psaa,
A — gons akTMBHOM nnowaan a4enkn Sid3lyY

Bo3moxkHa He3aBucumas ontTMmMmnaaumsa Bcex
doakTopoB

24.12.12 CemuHap UAW E.lMonosa
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[TapameTtpbl SIPY (MUNOU/MPI coBmecTHO ¢ Excelitas)

(;I'IeKTpaJ'I bHaFl l-IyBCTBl/ITeJ'I bHOCTb
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Transmittance, %

GERDA requirements. Task 1: VUV sensitivity

*AR coating

*High internal quantum efficiency (abs. length for 128nm =5 nm)

actual MEPhI/MPI/Excelitas SiPMs

ARC transparency
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] Yo SidodY

PacueT npocBeTnawwero NnokpbitTuae KBaHTOBbLIU BbIXoA (ABOMHaA MOHU3aLUA)
(ARC)

0,5
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wavelenght, micron viE.38)
178Hm — 73B

PacueTbl, npoBegeHHble B MU®WU, nokasbiBaloT, 4To ANA 178 Hm
BO3MOXXHO ARC~40%, 4TO, NpUHMMasa BO BHUMaHMe, ABOMHYIO MOHU3aLUIO
npu cpotoacpchekTe, no3BonsaeT HageATbCcA nonyuntb PDE~40-50%

24.12.12 CemuHap UAW E.lMonosa 15



- YO Sid3Y

HAMAMATSU

UV-enhanced MPPC under development (collaboration between Hamamatsu, ICEPP and KEK) : removal of
the protection coating and optimization of the MPPC parameters ™= currently sensor size: 3x3mm?

(cell size = 50 pm) ool e M R
i B omf T=165K -
3500:_ lﬂﬂpm I=165K __?-_: 'ﬂ‘lﬁ:— E
‘5 3000 ;"’ 3. =165 nm ‘E 0140 % =165 nm-]
» / [ = ]
“*PDE (165 nm) =10 % (best sample) 200 S - ) =
g 0.1 4
: 2000 7 50 - s f ]
+Gain~ 10° @ 165 K . pm oost 4 =
1500 o SO S E
’:’DCR = U @ 165 K lﬂﬂﬂ;— #"” - 0045 x o =
000 g4 S T =
< large R, = long tail (~ 150 ns) T . ST

0 1 2 3 - .

Over voltage [ _ Over voltage [V]
W. Ootani, PhotoDet201: 11

V. Puill, IEEE NSS Conference, Anaheim, Nov 1 2012
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. _
First results on NUV-SiPMs at FBK

| D
Alessandro Ferri', Alberto Gola!, Claudio Piemonte', Tiziana Pro!, Nicola Serra!, Alessandro Tarolli, Nicola Zorzi' =

"Fondazione Bruno Kessler, Trento, ltaly

Silicon Radiation Sensars

Transition from n-on-p to p-on-n

(- ] i N
PDE results and comparison with Standard n-on-p technology
PDE NUV PDE comparison @ 9 V over-voltage PDE vs over-voltage @ 360 nm
50% : 35%
345% Max PDE = QE x FF =EE‘P.45 > 30
€ 40% > £
E % 3 25% \ STD
v30% ,E 20% S/
T 15% 3 10%
& 5% & 5%
0% 0%
350 360 370 380 390 400 410 420 430 440 450 350 360 370 380 390 400 410 420 430 440 450 012 3 456 7 8 910111213
Wavelength (nm) Wavelength (nm) Over-voltage (V)
QE measured on test photo-diode allows us At the same 9 V over-voltage the NUV In NUV SiPM PDE increases faster with
to evaluate max PDE (higher plot). PDE is a factor ~ 2.5 greater than OV w.r.t STD since the avalanche is
\PDE=30% is measured at 360 nm, 9 VOV.  standard n-on-p technology. triggered by electrons instead of holes.

-~

s "
Conclusions: we presented the first results of the Near Ultra Violet SiPM technology (NUV-SiPM) produced at FBK. The functional measurements on a 1x1mm?

50x50um? SiPM show that the device is working properly. The optical characterization of a SPAD with the same cell structure of the SiPM evidences a PDE as high as 30% at
360nm and 9 V over-voltage which is a rather good value considering a FF=45%_ For the same over-voltage and wavelength, PDE in NUV-SIPM is a factor ~ 2.5 greater than in
. standard technology. We are currently working to improve the noise and after-pulse performance of this new technology.

12th Pisa Meeting on Advanced Detectors, May 20 — 26 2012, La Biodola, Isola d'Elba (Italy)

24.12.12 CemuHap UAW E.lMonosa 17



TemHoBoOM cueT Si®PIJY ot FBK

SiPM characterization

Signal characterization with single —channel custom preamplifier

FEK-IRST

= 20C "
wond | 2358 o
v 5C " . a
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. 4 - Hamamatsu
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1,2M -
1| = 20cC
® 15C
10M4 1 4 10c
b vy 5C [}
goo,k{ | ¢ 0C
4 -5C

R.D'Alessandro

(Universita di Firenze e INFN-Firenze)

MNR2012, Clermont Ferrand, April 2012
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SiPJIY, yyBCcTBUTENbHbIE K 3€5IEHOMY CBeTY

O6nacT¥ NPUMEHEHUA: Ty
CnekTpocmeularoLime BosiokHa ~500HMm

Kpuctannel cuuHtunnatopos (Csl(Tl)) ~ 550 Hm ‘
--‘.*,al“--ﬁ_ig

SO -

Coopka getektopoB chnpmbl KETEK
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MakeT pagMauUMOHHOro MOHUTOpPA 0F s P

T LI
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KaHanb! AL

OCco06GEeHHOCTN KOHCTPYKUMM «3eneHbix» SiPJY:
CootBeTcTBytowee npocseTneHne (ARC)
[nybokas obegHeHHaa obnacTb (BbICOKOE HanpsikeHne npobos)

24.12.12 CemuHap UAW E.lMonosa 19



Excelitas tecnologies

PDEvs . 1mm-50 um-GE=51% @ 5 OV 2" Gen SiPM- Packaging Development
40 ¢+ Monochromator Data
35 - m Laser Data
30 e
= ’
e 25 + *
w 20 .
g 15 .
10 * ‘e *, a Wafer of chips TO-can, cooler Ceramic Header 3x3, 5x5
5 L
0 *
300 400 S00 600 700 800 900 SMT package
(tile-able)

Wavelength (nm)
Packaging Development

progressing alongside,
1,3 and 5 mm chip sizes

Broad responsivity spectrum

Ubreakdown 90-140V
Almost ready for market! Final product in end of 2012

Addressing the needs of molecular imaging and PET communities.

24.12.12 CemuHap UAW E.lMonosa 20



" A
Si®JY c 6bonbWIMM AUHAMUNYECKUM Anana3oHOM

HCAL CMS cBeTt 500HM
4384 ayenkn/mm?

KETEK SiPMs, V-VB=4.0V

Zecotek Hamamatsu 30 I
>15000 gueek/M M2 - 2 %08 epi, deep pn, MP15VO (GF=47%) |
Ao 4489 aveek/MM 2 ,o':;ﬁ + standard, MPV15V/9 (GF=47%)
New Zecotek MAPD I s T
3% ” emll £ | "
30 RO AN VAP 16 ! ", W, "y
25 L] ‘.9 L - 14 . 'l. m E 10 | ", I-.
0 oo "MAPD-3A c : “ooriny
- . * S o2 o Yot RILT
D\ 20 'y ’. w 10 '| '..' 5 009 ::-- i
u 1512 % a V-VB=4.0V "uy) ST
g 10 5t - e 6 !
" g % ) 350 400 450 500 550 600 650 700 750 800
5 Nngy X Wavelength [nm]
0 ; FBK
350 400 450 500 550 600 650 700 750 80 350 400 450 500 550 600 650 700 750 800 RGB-SiPM-HD
Wavelength [nm] Wavelength [nm] 4404 aueek/MM2
FBK SiPM (15 micron cell pitch)
35 + PDE(33V)
< PDE(31V)
30 te., PDE(29V)
25 . o e, » PDE(27V)
R g0 et e
N3amepenusa KO.B. Mycuerko (AN PAH, Mocksa) Wi | e,
D ‘. YRR T
¢ 10 0" [TTLL Ll ...llIl
5 ..". ikl L LT T
0
24.12.12 Cemunap USIW E.Monosa 350 400 450 500 550 600 650 700 750 800

Wavelength [nm]




Va4V 4 Rad-hard SiPMs (1)

Radiation hardness, an issue for photodetector in Calorimeters

protons / neutrons

bulk damages caused by

- rincrease of the dark current and the DCR
lattice defects

’ » change of the breakdown voltage
»change of the gain and PDE dependence as a function of bias voltage

\ 4

<+ limitation of the low light detection capability
%+ destruction of the device

y-rays

creation of trapped
charges near the
Si-insulator interface

1Mev Neutron dose vs leakage current

0
* HPK, 8mm*2
80 77 - FBK, 6mm*2
g L 7EG 2 /
<
E wt+—————— "/
£ e HAMAMATSU have developed new MPPC more
Ir‘-
§ ’ -~ /"k'_ resistant to irradiation
° 2 e - :
- L e e
10 e MAPD have a good behavior under irradiation but its
= ” , , , < recovery time is long (300 s)
0.0E+00 5.0E409 1.0E+10 156410 2.0E+10 25E+10 J.0E+10

dose (nfcm2)

Y. Musienko, LHC on the March workshop 2011
15
V. Puill, IEEE NSS Conference, Anaheim, Nov 1 2012



" J
PagnaunMoHHasa CTOMKOCTb AeTeKTopoB Ansa anrpenaa CMS.
HentpoHHOe oGny4yeHune

W§ MPPC&KETEK: ENC vs. dV @3

SiPMs after 3*10!2 n/cm?

MPPC&KETEK:
Amplitude in p.e. vs. dV

¢

SiPMs after 3*¥10'2 n/cm? 30 |
@ 400
s | | — s & KETEK ;
S + KETEK M ! T
% . £ m Hamamatsu A
] » Hamamatsu ¢t | " 2 20 A -
"6 * P A » [ |
£ . ™ [J] A
2 ® 15 A L
o 200 . » o A "
1]
-g * [ | 17.) ]
£ £ 10  Emm
o ] (=]
€ . wmn ]
< o 5
; Z
.‘%"‘ 0 0
0 05 ) N 2 2 ) o o5 1 15 2 25 3 35
V-VB [V
M V-VB [V]
Amnnumyda cusHana nocne obyqeHUs, 8bIpaXXKEHHaS 6 (hoMOITEKMPOHAX, Sbile LWym MII®L KETEK riocre oby4eHuUs HECKObKO ébille, YeM wyM Hamamatsu
Ans MI®L KETEK (u3-3a 6onbuwiezo zeomempuyeckozo chakmopa) 53 MPPC (& ocHogHOM Li3-3a [ly4Uie20 2eoMempu4eckozo ghakmopa) 52
24.12.12 CemuHap UAW E.lMonosa 23



MPPC&KETEK: S/N ratio vs. dV

SiPMs after 3*10!2 n/cm?

18

16 n
2 14 Jrete e,
o «
@ 12 =
'S5 10 + KETEK
-E.. 8 = ® Hamamatsu —
(T
c b
20
w 4

2

0

0 1 2 3 4
V-VB [V]

OmHouwieHue cuzHan/twym rnocne obrydyeHUs HellmpoHamu 0QUHaKo80
ong KETEK u Hamamatsu M@

54
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BpemeHHOe pa3pelleHue pasnnyHbix SidJY (MLUMB)

LAL SiPM Single PhotoElectron timing Resolution

SiPM SPTR 1 mm2 - 20 °C - 467 nm

450
——510362-11-25 MPPC 1mm?2 (50 & 100 pm) & 9 mm?2 (25-50-100 pm)
400 - B-510362-11-50 275
——510362-11-100 250 l @ 25 um- 467 nm
350 : - 2| 50pum-467 nm
e MPPC10-05 +____4f‘_““— ® 100 pm - 467 rm
T 200 ——MPPC 10-100S ~ ‘f
= - #--ASD-15-M-50 -
o x =450 pm - 405 nm
E 550 —4—SPM1020X13 =
o SPM1035X13 @ --1 = -8-50um - 467 nm
200 -@-50 pm - 635 nm
-8-100 pm - 467 nm
150 = X
"""""""""""""" ® 100
©-100pm - 6351
100 T T T T T 0 5 10 15 20 1 C “n C nm
0,5 1 15 2 2,5 3 3,5 4
. temperature (°C)
Vbias-VBD (V)
V. Puill et al, Single Photoelectron Timing Resolution of SiPM as a function of the bias voltage, the wavelength and the
temperature,
NIMA 54094, NDIP2011 Proceedings
41

V. Puill, IEEE NSS Conference, Anaheim, Nov 1 2012

24.12.12 CemuHap UAW E.lMonosa
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" JE—
«bbicTpble» SiPIY oT SensL

Introduction — Fast Pulses with SPM

« Sensl’s new technology creates fast pulses without sacrificing PDE

« This new technology is described in SensL’s international patent
application no. W02011117309

+ MicroFM family sampling now with general availability Q3 2012

120
-- Sseries (25x500)
100 —  FM (25 %,500)
g0l
>
é GO : . .
o laser signal
o v
>
200 o T -
) U | USROS SRRSO SOOI
20, ; ; . .
-50 [l 50 100 150 200
time (ns) SenSl;

SensL Products

FM Signal with L(Y)SO Output

700 ,

BO0 | rr,*r"rhrrr L,_,"\x,\,\, :
e~ A0 L Tre
> J -~
v z (LYSO 3 3 x15mm?]

S 5
2 100f . §
ool | -- Sseries (14 x,500) |
—  FM (45 x,500) 5
~2005 50 100 50
time (ns)
power

&)

SPM

ground

signal

Superior ability
to trigger from
the first
photoelectron
Less
dependence on
PDE
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NMpumeHeHue SiPIY B hpusunke, actpodusnke, meamumHe N gpyrux oonacrax

Overview of Multicell Geiger-mode

Avalanche Photodiodes (SiPM)
Applications

) . -
33{2"&1}?& Gabriela Llosa,

Instituto de Fisica Corpuscular - IFIC (CSIC-UV), Valencia, Spain

RIS group http://ific.uv.es/iris

Photodet 2012, Orsay, 13-15 June 2011

Gabriela Llosa —————  Photodet 2012, Orsay, 13-15 June 2012 —_— 1
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3 Si®3Y B PBI

Pa3paboTka npoToTnna TannoBoro agpoHHOro
KanopumeTpa Ha ocHoBe SiPJY angd
MeXayHapoaHoro NIMHENHOro Konnaunaepa

(konnabopauna CALICE, 2007)

7620 SiPIJY — nepBoe B MMpe MacCoOBOE MNPUMEHEHNE
SiPJY marotoBneHsl coBmectHO MADU-TTYTIBCAP
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KETEK SiPM
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" M
Response of a tile with KETEK SiPM to B-particle from *0Sr

Distribution of MPV for tile response

I Mean 24.49
0r RMS ] 2.300
8 [
ol
4 |
2500 [
2000 2 |
1500
1000 0 [

16 18 20 22 24 26 28 30 32 34
VAN Light yield pixel
led Response, pix C ALIC E
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SiPM studies Scintillator tile studies

Results: ITEP tile (3.0 x 3.0 x 0.3 cm®)

Homogeneity:

Mean Edep [p.e.]

@ 30% around mean: 97% area
@ 20% around mean: 90% area

@ 10% around mean: 66% area

Photograph

E f'l T T T T T T T T T E
E ¢ T
= 30/ <
- o]
£
26— 8
- 8
20— L CALICE
02
5 o MPI data
m? | L 20
I 1 1
E'W.mmmsﬂ:ll" . Apbgzit

0% area: 96.7%
20°% area: 9001 %
o 0% Brea; 66.7% |

u - 10...1.5. .E.G.. 25.... i
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- I
3aKkroyeHue:

m S1IODY ouveHb NEPCICKTUBHEIC,
OBICTPOpPA3BUBAIOIIKUECS TBEPIOTECIbHEIC
(OTOACTEKTOPEI

B DPPEKTUBHOCTH PErucTpalii CBETa IOCPEICTBOM
S1DDY npeBbicriia Y3PPEKTUBHOCTh KBAHTOBBIX
doroymaoxuTEICH (>60%)

m OrpomMHoO€ KOJMYECTBO PA3TUYHBIX MOAU(PUKAIIUNA
Kak camux S1IODY, Tak u cOOpok HA OCHOBE S1DIDY

B S1IODY yxke J0CTyIHbI KOMMEPUYECKU U
MCIOJIB3YIOTCS B PEATBHBIX DKCIIEPUMEHTaX
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m Backup slides
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G.Collazuol - PhotoDet 2012

Signal shape for timing - many photons

PMT - 1 p.e.
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C.L.Kim Procs of Sci. 2009 010 (PD09)

Single p.e. signal slow falling-time component =
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strongly affects multi-photon signal risetime
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" A
Crosstalk and Excess noise factor

For light distributed according to Poisson law

Crosstalk xt
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PD Cherenkov Telescope )
Hamamatsu MPPC

Th. Krhenbl’JhI for th FCT collaboration
PhotoDet2012 - International Workshop on New Photon-detectors
Paris — France, June 13-15, 2012
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"C o lIBISIBNImatrixes modules for astropartical applications

MEPhHI/MPI for Physics (Munich) SiPMs with area 5x5mm?2 and FE electronics

)

—

e |

Top of atmosphere /Primary particle

First interaction with nuclei of /
atmosphere at about —/

20 km height

Cherenkov light emission |
under characteristic angle 6. /M

Camera (cleaned event)

=10 km
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SiPM studies Scintillator tile studies Summary

Results: Hamamatsu (MPPC) (25 um pitch)

Hamrntss (prich 38, 180 shoistang, b -1 pm, goesn LED B 53V, biss PRI W, WIS Q430 = BE1S, 1 dcied 0.0

3 e whole of SiPM area
:
1; e resolution 1 um
: o LED peak wavelength 520 nm
e geometrical fill-factor 31%
100 200 300 400 '500 600 700 urln
e — Photo + photoemission image
— 50 =
‘E' 45 E
35 §
30 E

25
20

15

Apdgzit
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Bulk damage and NIEL function

Bulk damage scales linearly with the amount of Non lonizing Energy Loss
(NIEL hypothesis), which is very dependent on the particle type and its

energy
L e e e . 10 ?
]03; L\‘x i :.'? 10
= ] E
2 1% U B
> 104 \“m. - |
3 1004 M e 8 107"
gl e %ﬁ J T
i IG 4 | — §10—-2 . = elactrons
= 1025 \ / 1§
i - , 1 B
= |1:}'7‘--, x‘&“wx neuTons clectrons 3 E 10 3 phet
] F
10} \ { T 10°* / Daio from A, Van Ginmeken FN-522
F ~ E 5
“Tfﬂ.m'f‘ﬂ#'l"::,.k'"l'a.‘r“l‘b.’ﬁ"{:5,.5“’1'0-'1“'1"&,-3”’1‘6-}"'1'3-l"'l‘od""i‘,']i""I”Dé 108 1ot = 10 L luu,u[ Cooed ol vl gom
particle energy [MeV] 10t T 1072 107" 1 10

_ C Energy (GeV)
A. Vasilescu, Fluence normalization based on the NIEL

scaling hypothesis, 3rd ROSE Workshop on Radiation A. Van Ginseken. Fermilab Note. FN-522 (1989)
Hardening of Silicon Detectors, DESY Hamburg 12-14
February 1998 DESY-PROCEEDINGS-1998-02.

NIEL(1 MeV gammas) ~ 10-5 * NIEL(1 MeV neutrons)

NDIP-0E, June 17, 2008, A1x-les-Bains Y. Musienka 3



