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PRINCIPLE OF OPERATION

1) thin p-type layer
2) thick lightly doped p-layer
3) heavily doped p+ layer.
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Test Setup. R2083 vs. SiPM

Equal Light to PMT&SiPM
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Name Manufacturer ID Sens. area | mm? Sizes | mm?
SiPM-1 S10362-33-050C 3x3=9 5.9x6.6
SiPM-3 S10931-050C 1x1=1 5x6
SiPM-16 S11064 16x3x3=144 16.2x17.8

Refer. PMT R2083 Same (mask) D=46
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SiPM-3 Photon Counting with 470 nm-LED
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PMT at the opposite side of Bench Setup has been calibrated.
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Numbper or photo electrons. Q-variance measuring method-1.

Time resolution makes no sense without referencing Nppe and Nppf

We determine N_=N__+N__ from QDC spectra of two PMs.
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» We determine N_ = Nppe+Nppf that changes linearly with QDC readout.
° Nppe in the reference PMT may be determined independently .
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Number of photo electrons. Measuring method-2
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o Time resolutions of R2083 follows Stat. Law with linearly increasing Ny

o We determine Quantum efficiency of the SiPM at low rate/flux.




Time resolution of reference PMT.

2 2
Tp Tp . . .
O poog3 — VS. O poog3 — ; T ,—signalrisetime
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» Fit parameter T =3.3 ns. Stable within £5% up to, 7 MHz.

a The rise signal time is 2.9 ns. The difference is due to QS>Qp=O.17 at 475 nm.

s Re-normalizing to Nppe we determine Q_= 0.27 £0.07
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Example. R2083 vs. SiPM3. Time Resolution at Bias Voltage 68.83 V
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R2083M-2(-2800V).vs. SiPM3-5(+68.53 V).470nm-LED. Runt910 at 2500 H, R2083M-2{-3000 V).vs.SiPM1-5(+70.20 V).470nm-LED. Run0752 at 100000 Hz.
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o Time resolutions of both R2083 and SiPM3 follows the Statistical Law.
o We determine constant O'S from each measurement.
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Comparative measurements (o, _vs.o_, )

2.5 KHz 1.43 MHz 3.3 MHz

R2083M-2(-2800V).vs. SiPM3-5(+68.83 V).470nm-LED. Run0910 at 2500 Hz. R2083M-2(-2800V).vs.SiPM3-5{+68.83 V).470nm-LED. Run(928 at 1430000 Hz. R2083M-2(-2800V ). vs.SiPM3-5{+68.83 V).470nm-LED. Run(932 at 3330000 Hz.
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s SIPM resolution is a function of T, f, and NY
» Reasonable parameterization is required
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Parameterization (o vs.o_ )
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T - measured PMT signal rise time

NY - measured number of photons

Q, - quantum efficiency of SiPM atf->0 and N _ 0
Qp =0.17 ; Q_may be estimated

NIDiX - nominal number of pixels

tIO - unknown pixel dead time

» Our goal is to determine experimentally «, Q_, and tIO
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Comparative measurements of o .vs. o,
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@ Time resolutions of SiPM3 follows the selected parameterization with
tp= 0.8 £0.3 us

Q.= 0.3%£0.05 provided Qp =0.17 at 475 nm
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SIPM response function R and SiPM dead time t)
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Experimental R is normalized to 1 at low rate
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» “ pixel dead time” tIO = 0.8 £0.3 microsecond.
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@ The best Time Resolution of SiPM16 at +70.8 V (Nominal +70.39 V)
@ Number of fired pixels has a maximum at this bias.

@ Pixel dead time will be studied.
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Conclusion & Outlook

@ Resolution of SIPM-1 : ~ 25% better than R2083 (at low rates)
@ Resolution of SIPM-3 : ~ same as for R2083
@ Resolution of SiPM-16: ~50% worse.

» Quantum efficiency of SIPM: at 475 nm Q = 0.3%£0.05 (=0.17 for PMT)

» "Pixel dead time” tp= (0.8+0.3)*10°s.

@ Resolution of SiPM3 degrades at f > 1MHz due to “pixel dead time " :

N 1 N 1 N _Hf
_ f\2 ppf 2 ppf 2
O-SiPMS’_(]-'iO'OS)O-RZOBS( = ) (1_9XP(_ )) (1_ )
Npix Npix Npix
Plan

@ More accurate measurements with lower reference PMT HV(No saturation effects).
@ Measurements with identical SiPMs at both sides of the setup.
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° Primary electron may create a p-charge that screens the applied field.

> Hole escape time from the depletion zone may be of 1 microsecond.



First SiPM with 24x24 pixels from MEPhI&PULSAR Enterprise

1 mm




PT— W‘FO’ where o ,=23 ps
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SIPM Time Resolution vs. Rate

4.0 SIPM-3 at +68.3 V 1
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Time Resolution of SiPM may be parametrized as:

2
o)

O pyy = WS—I-O'i where o ,=23 ps
Here, g is frequency dependent at high rates:

SiPM—-3: o.J/ns = 2.2+(0.25E-6)f
SiPM—16:  o./ns = 5.0+(0.75E-6)f
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SIPM16 Response vs. Count Rate

R2O83M-2(-3000 V).vs.SiPM3-5(+68.45 V).470nm-LED. Run0815 at 800000 Hz.
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Rate effects in SIPM3 signal amplitude
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SiPM-16 Response vs. Bias Voltage
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@ S|IPM-16 response drops after 100 KHz, sooner at higher Gain.
@ Manifestation of space-charge effect, similar to regular PMT(?)
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SIPM Time Resolution vs. Gain and Count Rate
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SiPM1 Time Resolution vs. MHz
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SIPM3 Time Resolution vs Gain at 1.2 MHz random rate
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