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Impact lonization

—IMPACT IONIZATION ON
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electricfield full depletion
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biasdiode
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Studied in detail In

[ R.J Mclintrye, JAP vol.3
The GM-APD

electrical ci

_________________
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Py, = turn-on probability
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ON condition:

avalanchetriggered, switch closed

= the capacitance dischargesto Vg, with
a time constant , at the sametime
the diode current growsto

probability that the number of carriers
traversing the high-field region fluctuates
to zero.

OFF condition:

switch open

— diode capacitance recharghes from Vg,
to Vg asWith atime constant

Ready for new detection



R

quenching

n pixels

Back contact
- . Vbias

A single GM-APD gives no information about light intensity =

Key parametersin aSiPM: , Dynamicrange, Time resolution



GAIN

G = number of carriers produced per photon absorbed

charge collected per event is the area of the exponential
decay which isdetermined by circuit elements and bias

o _ (VBIAS _VBD) T_Q _ (VBIAS _VBD)’CD

9 q

1) = current pulsestriggered by non-photogenerated carriers
(main source of dark carriers: thermal generation in the depleted region)

2) = secondary current pulse caused by a carrier trapped during the primary avalanche
and released after a certain time

3) = excitation of neighboring cells due to photon emission during avalanche discharge

= device quantum efficiency

= Npulses / Nphotons = = triggering probability
= Fill Factor (geometric efficiency)
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Geometries
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lav: signal current
: Cd: single diode capacitance
: (N-1)Cq : Rq: quenching resistance
Ro/(N-1); Cq: parasitic capacitance associated with Rq
Pl : Cg: grid and substrate parasitics
Rs: input impedance of the front-end electronics

(N-1)Cd

Firing microcell Parallel of the other microcells

(F Corsi et al., Nuclear Instruments and M ethods in Physics Research A 572 (2007) 416-418)



nigle cells and SIPMs
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Reverse |-V

SHEUNctonalltyorthedevice

- =Breakdownioltage Vi
Syarkscountiestimate

|-V measurementson single-cell APDs and SiPM s (Hamamatsu and FBK)
(Keithley 6487 Picoammeter/Voltage source acquired viaGPIB with a
LabView program)

» Precise measurement of the gain on single-cells APDswith a CSA
(Amptek A250 CSA + Digital Shaper)
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IRST_E1, Dark Count
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[1 STOPPED

« Dark count vs Overvoltage measurementswith large bandwidth D SO
(LeCroy WavePro 9602 GHz, 16 Gs/s and Agilent 90604 6 GHz, 20 Gs/s)
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« Application of large ares
read-out of wis fiber

» Fast front-end
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Shallow-Junction SIPM
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1) Substrate: p-type epitaxial

2) Very thin (~ 0.1 um) n* layer

3) Polysilicon guenching resistance

4) Anti-reflective coating optimized for A ~ 420nm



IRST_D1

DUT placed in aclimatic chamber
50C (with humidity control).

;‘gg Amplifier located outside the cabinet,

20C connection viaaspecial 18 GHz f,
X 10C 50-Q cable.

ocC
—— Linear (50C)

Signal amplitude, mV

IRST_D1,VBDvs T

32 34
Bias voltage, V

\%
w
o

¢ VBDwT
——Linear (VBD vs T)

Breakdown voltage
N N
[ee] ©

dVgp/dT =~ 70mV/°C

20 30 40

Temperature, T



sad-out of large extruded
mion dext eciors tall-caichers - 1

N FACTHORSEXpEniment
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on 2% read-out of protoiype
“Swashlik” calorimet ers

TN FA CTOR EXPEMeENt

- Each SiPM will be equipped with a fiont-end/driving amplifier
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The radiation resistance ofiSiPM SiS crucial inviewsoriithe rappli calioni nesreal &
experimental conditions (especia iy intharsniradiationenyvi ronmentsi ikelsH Cand
SLHC).

started a systematicmeasurementicampa gninorderstostudy
the resistance toradiationierfects or

Jto study/bothisturiaceandivtl Ksdamagel nithedevi ces

» X-rays al Niaboratori esiofiliegnarolLNiL xXeraytube(\Witarget);
alemeasuredivatnicalioraredsSIIp==nidiodes

* Neutrons eactorofithel NSt tutevosersSteraniorily ubljana(S10); max power. ~
hifibence achievable

[ BVacharactenzationydarkscountand gan before and
srrradiationsyanneal ing studies



—E2

— E2 Neutroni 4.8E10

—— E2 Neutroni 4.8E10
Anneal~50days

EBKeErsarculanSiPM
Z2mmidiam; 688 pixels

Diataranaly/SiSanaistudyzoitneanneal ing effects are currently going on

Earthergrradiationsareroreseeninithenextimonths on single microcell's



s to extruded scintlillaiors
all catchers - 2

Hreparazi onedi oI rendi 5SC N | atori SESLTUS) 861 R VET Sell UNgiezzart el
M) SPErA ESLESUN aSC 0301 11 O (EZONSEVIC) il SN &
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Att meas for SE180SET

att length estimate:

. 25 - 330cm+-50cm
=T
]
Misuradel /2l tnghezzaid\ lattentazionedel | ebarredi sct | ator S R my
ESLruSI fequi pagg et SCorn | DIENVVIISIERSI HiVI & 19 5‘!“:35: -

..:_::

800 800 1000 1100 1200 1300 1400 1500 1800 1700 1800
mm from readout end

Prototipoiad canal iiditschedadi'amplificazi one/acquisizione
gsatanel testsuascoa FN AL. Ogni'canale (accoppiato in
plificatore, ADC a 12 bit con un
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< left side readout

T right side readout

4 sum of both ends

Distance along

the module in meters

Ol dimeasturementsSwithisame ty/pe of:
SC Nt atorsandwl SiverswitmBPM s
| BEEMIRANSACITI ONS ON
NUGEARISE ENCENOISA9SNIONS;
JUN =200

Pleasenotethescalehere

iiswasdonewith cosmicray
muons:



Runs 5045 and 5046 2/20/2010 hé

Entries 17581
Mean 1.271e+004
RMS 5168

_____ ] T The NEARend

~100m from beam

The FAR end UI
7/m from beam °

| 1 | 1 1 | 1 | | 1 | . 1
10000 15000 20000 25000




Attenuation Fits
| |

Attenuation Length for Dual
Readout Strip
A="~7400mm
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n
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Dist. From SiPM(m)




out of prototype
calorinielers - 1

e sprototype v s 1as/iix

GRCLA INVEINEERI 1 ES

scintillator8x8cmaandid0tiles ofilead
MM CKY N Or st otal Fof 24Xy

AUSMMAWIESTIDErs(Kuraray Y-11)for.the readout
roupeasniounal esorn4

SCiT et ar(@ORE2imim) 'SIPM S by FBK=iT'st
silestediatithe CERNPS T110'and SPS H4 beamlines

* No fiont-e
SiPms!!
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LLow energy. resultssCERNPSHIObeam|inefnegativeparti ¢l eSUs=oEeVIC
‘ Energy Response Linearity - 1mm? SiPM Energy Resolution - 1mm’® SiPM

gewo—" < 30C
W Currents = 2pA
Il Currents = 1.5pA

Il Currents = 1uA
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LineartysobtanedwithiitheSiPM shiased Energyresolutiontobtained with the SiIPM's
WIS andi2 A prasediwith 1, L'5and 2 pA

SMULATIONT  SPMI(L A SPMI (.5 1A) SPM (2 pA)
Stojefilzsri]e 12% 16.4% 15.6% 14.6%
(Constant ~ 10>% ~ 10%% ~ 10%% 3.6%



High energy. resultsiCERNISPS Ha'beam|inesphotonSupitos20NGEe),

51-52 SD1 sD2 sD3 BM ~ Hebag BC1 BC2
| -l§ |"
= =% FRProductioniorhightenergy photons
-_— radiatedioysel ectronsandipositrons
R — chianne edlinibent crystals
: :*3’% . - FESEESPplasticiscntillators fortrigger
- 7 FRSDIESHSISSDItEl escope
_ - — FRBIM BSIS9N Vmiseparationimagnet
g — FEHEebagiTorimultiplescattering red.
N £ “I P BCIBC2: silicon beam chambers
Felwo calorimeters:the Shashlik under

test'to detect the photons, the second to
pe usediin the trigger to identify
positrons




High energy resultssCERN SPS HA'beamiinesphotonSupitos20Ge),

=30

° | ndf 0.3104/7

Offset 2237+ 2449
Ang. Coeff. 4832+ 38.32

100 120
Energy (GeV)

s} Sinean iy20ooa P oSMOGEVC earerfectofisaturation at-higher. energies
siEXpECtedigiventitinel] owa(688) numberorimicrocel Isin the small'SIPM s used



High energy resultssCERN SPS HA'beamiinesphotonSupitos20Ge),

INSURAD tagged photon beam - Willie (10/09/09)

FBK 9mm2

sISxsImmamountedionsimpl ePCBs
SNIImberionpI Xel SE8600
2 phee] sfezis 50,50 figq 2

si\/eryrgoodilinearity up to 60 GeV
siSome saturation at 120 GeV



2x2 array on a single silicon die

wire bond

bondingpadson PCB
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Light transmittance vs wavel.
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bonding pad

» LSO/ LYSO: OK
» LaBr: epoxy can be removed from active area leaving only
a support frame around the device



e large-area SIPM iile
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. Mounting and
tile — N 3 T measurements

: N S at Uni. Heidelberg

terface tile — Wy~ T 3 and Philips

» Energy resolution ~16%
» Coincidence res. time ~670ps
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» 3x38 mm2 SiPM sandiscintill atoraoars

» Number;oficel| SofiSIPM 58600

s Detectorsdiscntil i atingioar (VS XIEOX22CmS)
s Readou by S 2 mmaWIEISTiDErSibyaB cron




Yalter ComGme_Study® schemnatio - Aug 13 13:52:35 31883

Trarsiert Respopse
wo ldet="32rm"Aaut a: Met="2drm"Aaut

S| tras owanputimpedance design

sicommon=gaternputiamplifier
IMOSSIIMIAM S CM O'S;

sISHPM fmodel fofiadx4mmal arge area
EBKedevice(Cra=>200pF);

sIS1gnial S'correspondito 10,20, 30, 40
andssSomicrocel | Shit;

siRIsetime (10-90%) 1S and
pandwithi (=3 dB)i'S
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