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Silicon Photomultipliers (SiPMs)
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| e Increased usage in
5 physics experiments
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From Hamamatsu

Motivation: Saturation models only
exist for short and uniform light
pulses...

From Onsemi
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Courtesy of Dr. Lucas Darroch

Rate of photons [cps]

Characterize the
non-linear response
of SiPMs to
non-uniform light
Analytic equation for
Gaussian profile
Varying flux of
photons

Simulation shows it
should work




Optical Path
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Block Diagram of
Commissioned Setup
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From Thorlabs
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Updated Block Diagram
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Current (A)
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Parameters

Data Sheet: Pixel Size
(Ax, Ay), PDE, Gain,
ECF

Measured Data: Beam
Standard Deviation (o),
Nphotons

Floating: Reset Time
(At)

Rate of fired cells [cps]

Residuals [cps]

SiPM Saturation Curve

—= Model ".._‘._..__-..g..»—-t.‘ti
¢ Data sl R -0
_eo®S"
1010 o ®
-
e o®
o ®
10° 4 =
[ Sd o
¥ 2
7
.
o ?
10° 4 Ll
10° 101° 101t 1012 1013 10
Rate of photons [cps]
Residuals of SiPM Saturation Curve Fit
301 ] ° o ® ® Residuals (Chi2=294.32)
LI i ° ®
J ° ]
20 . o A PP °
e ® °
‘ ° L4 °
10 ®
0- ° it . -
°_ o °
° ., e
-10 ' [
L : T
_20 4
°e
°
-30 T T T r T T
10° 10t 101t 1012 1013 101

_ 2mo.0y

WRE= Az AyAt

e

PDE % Nonhotionis

Rate of photons [cps]

210,04/ ATAYyAt

= —PDE x N, photons
el 1) |
2no,0y/ AxAyAt




Summary

| measured the SiPM’s saturation response to non-uniform light and
it matched the model!

Next Steps

e Spatial filter for cleaner Gaussian
e Test with different voltages
e Write up the findings

Questions?

From Thorlabs
website
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Additional Resources
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Spot size
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Light beam
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More about SiPMs - All Hamamatsu Images
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Motorized X/Y Stage
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Motivation

Silicon photomultipliers (SiPMs) are solid
state photodetectors widely adopted in
particle physics experiment

Many detectors require large arrays of
SiPMs

High-throughput wafer-level testing typical
for SiPM mass production
High-throughput (1V) testing in tension
with precision testing (pulse counting)
Can we extract the same information from
pulse counting measurements using IV?
Resolving temporal and spatial
saturation is the first step required for
IV parameter extraction

Automation IV Probe Station

l

FormFactor Inc: SUMMIT200 Probe Station for Automated Wafer Handling - FormFactor

10-2 IV Measurement
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https://www.youtube.com/watch?v=iLrOZU3tdeU

