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Introduction
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» (SiPMs) solid-state photodetectors with high amplification
factors

» Enable single-photon detection in various scientific
experiments.

» Maintaining stable gain is crucial for SiPM performance, but
temperature fluctuations can affect it.

» Two approaches for temperature control in SiPMs include: Figure of SiPM
(image not to

» Utilizing temperature sensors located near the SiPM sensors
to adjust power supply voltage. scale)
» Using averaged SiPM current as a temperature-sensing signal
to adjust bias supply voltage.
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SiPM is an array of microcells

’ \\(.\x

Top view

Side view

p+

Single microcell
SiPM structure

SiPM Detector

electrical equivalent
circuit of a microcell
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Overvoltage is defined in terms of:
Vov = Vbias = Vba(T)
The Gain of SiPM

G(V, T) _ AvalanChecharge _ Cd(%ias - %d)
q q

Breakdown Voltage

Vbd(T> = Vbd(T()) — ﬁ * (T — T())
The Gain of SiPM

Ca(Vov + Vipa(T)) _ Ca((Vov + (T —25))

G(V,T) =
q q
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Biasing is the process of applying

+V

a voltage to the SIPM to control
its performance.

glom

<

0.1 pF

)_

sibM /.

Bias Control

Temperature

SiPM Detector
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» The temperature coefficient . M 53.864 +/- 0.327 mV/deg
of a SiPM refers to how its £ B E

S E C :: 50.806 V ]

performance changes as the e E ]
temperature changes. g 525_ E

o - 3

» SiPMs typically have a € 51 3 3
negative temperature e 3
coefficient, which means that £ sof E
their gain (amplification of ;

the signal) decreases as the 49k . . :

—40 -20 0 20 40

temperature increases. Temperature (degree celsius)

Temperature coefficient of SiPM
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Solid-state photodetector
capable of single-photon
detection due to its high
amplification factor

Lower operating voltage
Immunity to magnetic fields
and ruggedness

Low light levels detection.

Variation of gain as a
function of temperature.

16 channels 4 X 4,

50 X 50 um pixel size

SiPM Detector

T

SiPM board with temperature sensor

(S13361-3050A8-04 series SiPM)
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OFC Raspberry Pi m
Light Source (ns) Controller ¥

Environmental
- Chamber

] .
[
Level Translator % ’—L
b +/-5VDC

l SiPM with bias Supply

Function Generator

controller

Discriminator

Oscilloscope

Block diagram of experimental setup
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SiPM Board

Setup to study gain vs temperature of SIPM

‘Temperature compensated bias unit

Preamplifier

Raspberry Pi4 AND Microcontroller (ATxmega256A3U)
Description of instruments used in the measurement setup
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Deselecting every slave board
(Bias Cards) connected with
Raspberry Pi

Custom SPI
initialization

(Bias Cards) connected with
Raspberry Pi

Selecting required slave board

Interactive Bias

HV ON and Temperature

Compensation Moglctaor;lng
ON/OFF

ON/OFF of a Subpixel
particular ON/OFF
channel

Overvoltage
set

Key

Adjust Bias Voltage of e

HV80 according to
temperature variation

Application Control Software

SiPM Detector

Display
Monitoring Data




@ Constant Setup

€ > C A Notsere > ¢« O @ (Vpdate :

BES  #30]  mEEX R

SetOK? ° pi@gapd-camera: ~/expt

Initialising Board:: 33

C 1] 2
ance b | B Colpress any key to continuell

onsT 1L.CONSTANT-01 v

I Constant Test Name
[consmanTar

W remp .
. olec o . KpiQrzxr.cxx.xxr.cxT

assword: exptOl
Retngeration
A

cdexpt
B Time signais /BiasControl
ime Signal
SetOut| ON ~ Output-4:Alarm:OFF

‘Web Application to control the Environmental chamber
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Experimental Observations
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Left Data is taken with OFF Temperature Compensation right data is

taken with ON in the table below.

ENVIR. SiMP/GAPD| Pulse Ampli- Bias Over SiMP/GAPIPulse Ampli- Bias Over
CHAMBER Sensor tude (mV) =+ Volt- Volt- Sensor tude (mV) =+ Voltage Voltage
TEMPER- Tempera- stdev age age Temper- stdev (mV) (mV)
ATURE ture (mV) (mV) ature

(DEGREE

CELCIUS)

30 29.6875 251.684+6.97 55469 2852 29.2500 244.914+ 6.53 55489 2883
20 20.6250 275.8447.40 55474 3349 19.6250 247.031+6.89 54976 2888
10 10.6875 306.84 + 8.86 55464 3832 10.000 251.3747.16 54458 2879
0 0.7500 340.114+9,65 55454 4320 0.5624 254.044+7.15 53975 2922
-10 -8.8750 366.64 + 10.64 55464 4819 -9.1250 257.174+7.38 53472 2921
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SiPM temperature vs over voltage

4750 4 —— temperature compenent OFF
—— temperature compenent ON
4500

4250 1

» An important consideration 4000 |
for optimizing SiPM

performance

Overvoltage(mV)
w
Y
&
B

3500 1

3250 1

3000 4

-10 -5 0 5 10 15 20 25 30
SiPM temperature(®c)
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SiPM/GAPD Ser}g(c]xr Temperature (°C) vs Over Voltage (mV) using Envir%zlment Chamber

—— Pulse Amplitude [OFF] —— Pulse Amplitude [ON]

375 ¢ stddev1 ¢ stddev2 Lazs

> We see that pulse amplitude 50 | | 350
or gain of SiPM decreases as g s 525 8
we increase its temperature gm— —300§
.. P 3
and it is almost constant 2 2159 s 8

when temperature 250 1 250

compensation is on. 2251 225

200 T T T T T T T 200

-10 -5 0 5 10 15 20 25 30

SiPM/GAPD Sensor Temperature (°C)
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> For a fixed bias voltage, the gain of a SiPM changes linearly with temperature
» Breakdown voltage varies linearly with temperature

» Adjusting the bias voltage with the help of bias control and Temperature
compensation circuit

» Overvoltage remains constant which eliminates gain-temperature dependence.
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Thank you for listening!!
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SiPM structure
________ o Cathode

APD

o Anode

—_———— e ———

single microcell

All of the microcells are connected in parallel.
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SiPM operation

Vaias > Veo —_
> 180
E
[T [h]
EEE T K o 120
L L1 > 100
HE N = .
"uIHHHHHH E 40
A @ oL
AZOO 20 40 60 80 100
(X) time [ns]
R Example of single-photoelectron

waveform (1 p.e.)

= Gain = area under the curve in electrons
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Photon detection efficiency

(Ta=25 °C, Vop=Vsx + 7)

w
[

Photon detection efficiency (PDE) is

<

N E— : a probability that an incident photon
c .

S sl 513720 seres is detected. It depends on:
= : ‘

g - wavelength

g - overvoltage

g - microcell size

S

2

o

513360-1325CS | .\'.*-..._ Peak PDE 20% — 50%

300 400 500 600 700 800 900 1000
wavelength [nm]
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Gain

Ta=25°C
12 x 10° . (Ta )
—— Gain
—-=— Crosstalk probability
1.0 x 10° [ = = = Photon detection efficiency : 10 O
(A=905 nm)* 3
(2]
sox 10f [913720,11.3x1.3 mm2, 5 8
c —
© — | 25 Mm - =
b-” =]
o 6.0 x 10° [ ! _~cll | =
— . /‘/ o
4.0 x 10° Lot / 4 2
. / Y
g O
/ e m
2.0 x 10° et -7 ! 1 2
4 _/
. .
0 il 0
0 1 2 3 4 5 6 7 8
Overvoltage [V]

SiPM Detector

* Gain of SiPM is comparable
to that of a PMT.

Excess noise very low:
F ~ 1.1, mostly due to crosstalk

* Gain depends linearly on
overvoltage
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Gain versus temperature

Does gain of an SiPM depend on temperature?

. . . s ae N
Yes - if the bias voltage is fixed & & & ¢
‘; 6? ::40°C
£ i D
81
3 Pz Otte et al. (2016)

48 50 52 54 56 58 60 62

Reverse bias voltage [V]
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Gain versus temperature

Does gain of an SiPM depend on temperature?

160%
-
140% Power supply: C11204-01
. . " \O
No - if the overvoltage is fixed = - :
S i Fixed overvoltage
s
) 80%
£
cg 60% /*edb/és
c
© —Without
O T G on
20%
o 10 20 30 40 50 60
Temperature [°C]
i e = SiPM Detector
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