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Abstract

« The shape of the current pulse produced by a SiPM in
response to an incident photon is sensibly affected by the
characteristics of the FE used to read out the detector.

« An accurate modeling of the SiPM is thus mandatory to
identify the best solutions and design parameters of the FE.

« To approach the best theoretical time performance of the
detection system, the influence of all the parasitics
associated to the coupling SiPM — FE must be adequately
modeled.

 In this contribution, we extend the validity of a previously
i presented SiPM model to account for the parasitic inductance
of the wiring connection between SiPM and FE.

"« Monte Carlo simulations have been employed to evaluate a
number of realistic sets of arrival times for the first
scintillating photons on the SiPM.

|« Various combinations of the main performance parameters of
the FE (input resistance R;, and bandwidth BW) have been
simulated to evaluate their influence on the time accuracy of
the detection system, when the time pick-off of each single
event is extracted by means of a Leading Edge Discriminator.
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Current-mode FE amplifier
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Complete model
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Simplified model



Model parameters

R, quenching resistor (hundreds of kQ)
C,4: photodiode capacitance (few tens of fF)

C,: parasitic capacitance in parallel to R,
(smaller than C,)

|, short current pulse modeling the total
charge delivered by a micro-cell during the
avalanche

C,: parasitic capacitance, due to the large
metal grid used for routing the N micro-cells
to Vg ag (few tens of pF)

L: parasitic wiring inductance (from few nH
to tens of nH)




Model parameters

O Extraction procedure applied to a 3 X 3 mm?2 SiPM with
3600 micro-cells from Hamamatsu

O The table summarizes the main features of the device and
the results obtained

Model SiPM HAMAMATSU
Parameter N=3600, V,;,s=73V
R, 182.6 kQ
V,, 70.68 V
Q 216.9 fC
C, 75.2 fF
C, 17.7 fF
C, 36.9 pF

L 3nH~+15nH




High level description of the system: transfer function

| ( ) Q 1+ STq Analytical expression of
. (S) = . the response to a single
" " a,s'+as’+a,s’ +as+a, fired p-cell
a, =Lz, |(C,+NCy )z, +R,C,C, | Qe = (Viias —Ver )(Ca —Cy )
a, = L[ (C, +NC, )(7y +7,)+ R,CiC, | 7in = RnCiy

7, = R,C,

a, =7;,7, +C, (R,7, +L)+ NCd(R. T +L)
r, =R, (C, +C, )

in“r in”q
a=r1,+7 +R_ (Cg +NCd)
a,=1
Very good agreement between MATLAB and Pspice
simulations!



and zeroes evaluation

o . v "C} i Root contour for BW =
, 300 MHz, R;, =20 Q and

L=1nH-+30nH




Poles and zeroes evaluation

Root contour for BW = 300 MHz,
L=10nHand R, =10Q + 100 Q




Influence of L on the waveform of the elementary current pulses

Elementary current pulses produced by the SiPM for BW = 300 MHz
and different values of R,, and L
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Evaluation of realistic arrival times

The Geant4 simulator has been used for the MC simulations

Parameters of the scintillator
LSO, non-wrapped

Size: 3 x 3 x 15 mms3;

Refraction index = 1.82;

Light yield = 20000 ph/MeV;,
Decay time constant 1o = 40 ns.

Example of Geant4 simulation

SiPM 3x3 mm?
PDE = 20%

2000 4000 G000 B0 120008

Distribution of the no. of generated photons
(only the highlighted events have been considered)




Composition of elementary current pulses
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Waveforms of the SiPM current pulse
produced by the first 20-30 photons for
different values of R,, and L.



Evaluation of the time resolution

CRT for different values of R,,, L and BW for a 3X3X15mm3 LSO
crystal coupled to a 3600u-cells SiPM

CRT |R, =100 R, =100 R, =20Q |R,=20Q R, =500 R, =500

[ps] |BW=80MHz |BW=300MHz |BW=80MHz |BW=300MHz |BW=80MHz |BW=300MHz
L=0 197 176 211 184 227 192
L=1nH 193 176 199 174 213 174
L=5nH 219 204 216 197 216 191

L=10nH 237 218 231 211 227 203




Conclusions

« A simulation environment has been devised and implemented to
account for the effects of the coupling inductance between the
SiPM and the FE.

 The parasitic inductance of the wire connecting the SiPM to the FE
sensibly affects the shape of the elementary current pulses
produced by the device.

e The combination of the electrical parameters of the equivalent
circuit including the SiPM, the FE and the coupling inductance
between them may give rise to pairs complex conjugate poles,
thus producing ringing in the shape of the elementary pulses.

« The knowledge of the value of this inductance would allow the FE
designer to choose the FE parameters (R;,, BW) for optimal timing
performance.

* It appears that a careful choice of the LED threshold is needed to
achieve the best time resolution.
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