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II. SiPMs: P-N junctions
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II. SiPMs: structure
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VOV



II. SiPMs: photon counting

12 September 2016 IBIC16 9

Cooling is
required for low

rates (DCR)



II. SiPMs: linearity
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II. SiPMs: noise and drawbacks
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II. SiPMs: dark count
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II. SiPMs: correlated noise
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II. SiPMs: state of the art

• High progress in SiPM technology: high PDE & low crosstalk
• DCR has been also reduced down to 100 KHz/mm2

• Still a trade-off between PDE and crosstalk exists
• Also for other parameters: linearity, rate, etc
• SiPM configuration (pixel size, number, area, overvoltage, model) 

has to been chosen accurately for each specific application
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II. SiPMs: radiation damage
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II. SiPMs: solid state photodetectors
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II. SiPMs: solid state photodetectors
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III. Signal processing: need
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• Front end electronics for SiPM is needed to:
– Adapt impedances
 SiPM capacitances range from 30 pF to more than 1 nF

– Preamplify to optimize the SNR
 Even if “nominal” gain is in the order of 106 only a 

fraction of the charge is used for fast read-out systems
– Shape the input signal
 Large SiPM time constant may cause saturation or 

distortion because of pile up
– Combine (sum) the signal of several SiPMs
– Sometimes equalize over-voltage in SiPM arrays



III. Signal processing: example (MUSIC)
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Pole zero shaping

• Pole-Zero cancellation of the SiPM recovery time constant
• Parameters of the PZ cancellation are tunable to deal with different sensors

– Up to 100 ns time constant
• After PZ cancellation: output pulse FWHM < 5 ns
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Simulation with a 
model obtained from

3x3 mm device



III. Signal processing: example (MUSIC)

• Output for a LCT4 MPPC ( 3x3 mm2, 75 um cell)
• No pole-zero cancellation 
• Large SiPM tail: pulse width > 100 ns
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III. Signal processing: example (MUSIC)

• Output for a LCT4 MPPC ( 3x3 mm2, 75 um cell)
• Pole-zero cancellation 
• Excellent resolution with FWHM of about 5 ns
• Possible to reach 2-3 ns FWHM for other SiPM models
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III. Signal processing: example (MUSIC)

• Charge spectrum for a LCT4 MPPC ( 3x3 mm2, 75 um cell)
• Pole-zero cancellation 
• Excellent resolution with FWHM of 5 ns
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III. Signal processing: example (MUSIC)

• Binary output for a LCT4 HPKK MPPC ( 3x3 mm2, 75 um cell)
• Pole-zero cancellation 
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Laser trigger signal
600nm, 50 ps FWHM

MUSIC digital output of ch 1

Single Photon Time Resolution of about 100 ps
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IV. Use in HEP: Scintillating Fiber Tracker
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Replaces Si 
tracker



IV. Use in HEP: SciFi Tracker Fibers
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• Scintillation yield: dYγ /dE = 8000 ph / MeV
• Trapping inside fibre (1 hemisphere): 5.4%
• Attenuation losses over 1 m: 22%
• Efficiency of photodetector (typ. PMT): 25%

 Yγ = 400
 Yγ ∼ 20
 Yγ ∼ 16
 Yp.e.∼ 4

dx = 0.025 cm dE = 0.05 MeV (when passing through axis … optimistic!)

 Need more traversed fibre thickness  increase thickness in particle direction (fiber stack)
 Need higher photodetector efficiency SiPM with PDE ∼ 50 %
 Need to recover light in the second hemispheremirror at the fiber end

Back-of-the-envelope estimate of photoelectric yield in a 0.25 mm double cladded fibre, 1 m from
photodetector. Non-irradiated.

MIP  dE/dx = 2 MeV/cm

photodetector



IV. Use in HEP: SciFi Tracker Fibers
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The majority of SciFi R&D and prototyping has been performed with 
SCSF-78MJ, Ø 0.25 mm, from Kuraray (JP). 



IV. Use in HEP: SciFi Tracker Modules
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IV. Use in HEP: SciFi Tracker Radiation
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Main radiation damage is transparency loss  decreasing attenuation length

Summary of SciFi irradiation experiments         

The irradiation tests suggest 
• A early onset of the damage  (Λ/Λ0 ~ log D)
• No strong effect of dose rate visible
• Recovery effects not clearly established

Combination of dose distribution and damage-
vs-dose relation let us expect, at the end of the 
lifetime of the detector, a signal reduction by 
about 40%.



IV. Use in HEP: SciFi Tracker SiPMs
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IV. Use in HEP: others
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IV. Use in HEP: others
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V. Possible applications for accelerator BI

• SiPMs could be used in nearly any possible 
PMT application
– Scintillator detectors: 

 Large dynamic range: 14-15 bits 
– Cherenkov detectors: 

 High PDE: near 50 %
– Single photon detectors and photon counting

 Short pulses (<  5ns) after correct shaping.
 High time resolution (single photon time resolution around 100 ps)

• Possible exceptions:
– Radiation damage: 

 SiPMs are very sensitive to NIEL
 Can be alleviated: cooling (DCR), shielding, use optical fibres

– Large area photo-detection: 
 Large area PMTs are still quite cost competitive
 Depends on the evolution of the market
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V. Possible applications for accelerator BI

• Beam loss monitors based on scintillators and 
Cherenkov effect
– For Optical Fibre BLM based on Cherenkov effect, high PDE 

SiPMs can be very useful as Cherenkov light yield is rather low 
– An optical BLM based on scintillating fibres can be useful in low 

radiation environments
– See 1962 - TUPG20 and  2060 - WEPG20

• Transverse Profile Monitors based on scintillating
fibers and others
– See 1691 - MOPG76, 2084 - WEPG64 and 2119 - WEPG70 
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• Can the experience
from SciFi tracker be
useful ?

E. Rojatti et al. “SCINTILLATING FIBERS USED AS 
PROFILE MONITORS FOR THE CNAO HEBT LINES”

Proceedings of IPAC2015, Richmond, VA, USA



V. Possible applications for BI

• Time Correlated Single Photon 
Counting (TCSPC)
– See 2104 - MOPG59
– By correct choice of SiPM and front end 

electronics excellent performances can 
be obtained

– Cooling might be required for low DCR
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TABLE I. Performances of the most commonly used PMTs for diffuse optics application and comparison with 
the SiPM module. 

 

 

Manufacturer 

 

Name 
Area 

(mm2) 
QE 600 nm 

(%) 
QE 800 nm 

(%) 
SPTR 
(ps) 

DCR 
(kcps) 

 

Cooled 

Hamamatsu Ltd. R7400U-20 50.2 16.5 7.7 n.d. <0.4 N 
Hamamatsu Ltd. R5900-20-M4 4 × 81 15.0 7.0 320 n.d. N 
Becker & Hickl PMC-100 50.2 10.3 4.6 180 0.2-0.5 Y 
Becker & Hickl HPM-100-50 7.1 15.0 13.0 130 0.5-3 N 
Picoquant PMA-192 50.2 18.0 8.0 150 <3 Y 

SiPM module 1 29.9 10.1 100 ∼100 Y 

Martinenghi et al. “Time-resolved single-photon detection module based on silicon photomultiplier: A
novel building block for time-correlated measurement systems”, Rev. Sci. Instrum. 87, 073101 (2016)

3x3 mm^2 SiPM and 
MUSIC SPTR around

100 ps
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