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Abstract. A Silicon Photomultiplier (SiPM) is a highly sensitive light sensor capable of detecting signals
down to the single-photon level. These devices are widely used in radiation-detection systems, namely through
the detection of light produced by charged particles traversing scintillating materials or through Cherenkov
radiation.
SiPMs produce low-amplitude, short-duration current pulses, requiring front-end circuits capable of amplifying
and conditioning the signal before further processing. In addition to pulse detection, measuring the charge
associated with each event is particularly relevant, since this charge is directly related to the number of fired
microcells and, consequently, to the number of detected photons.
This work develops a front-end system for SiPM readout based on a Charge-Sensitive Amplifier (CSA) with
an integrating topology. The system is implemented on a Printed Circuit Board (PCB) and, in addition to the
CSA, integrates a reset mechanism, a comparator circuit, a control circuit, and an Analog-to-Digital Converter
(ADC), enabling the conditioning, detection, and acquisition of the signals produced by the SiPM.
SPICE simulations of the proposed circuit are also presented in order to evaluate its behaviour and validate the
adopted topology prior to experimental implementation.
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1 Introduction

The aim of this work is to develop a front-end sys-
tem for SiPM readout based on a charge-sensitive ampli-
fier. The circuit is designed and dimensioned to allow
the detection of low-charge pulses while simultaneously
minimising noise and ensuring system stability. Reset and
threshold-detection mechanisms are also implemented, the
circuit operation is validated through simulations, and a
PCB is designed to minimise parasitic effects associated
with the physical implementation. Finally, the influence of
these parasitic effects on the overall system performance is
characterised, and the resulting signal is prepared for sub-
sequent acquisition and processing.

1.1 Silicon Photomultipliers

Silicon Photomultipliers (SiPMs) are solid-state pho-
todetectors formed by arrays of microcells operated in
Geiger mode. Their high sensitivity, compact size, and
immunity to magnetic fields make them particularly useful
in radiation- and particle-detection instrumentation [3, 4].
Although SiPMs detect photons rather than charged parti-
cles directly, they can be used to detect particles indirectly
when the particle interaction produces light, for example
through scintillation or Cherenkov emission [4, 5].

For the present work, the most relevant characteristic
of the SiPM is the relation between the charge of its electri-
cal output pulse and the number of fired microcells. Within
the linear operating region, the charge corresponding to the
firing of a single microcell can be written as
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Q1 p.e. = Gqe, (1)

where G is the SiPM gain and qe is the elementary
charge. Thus, for an event in which N microcells are fired,
the total charge is approximately

Q ≈ NGqe. (2)

Consequently, measuring the charge associated with
each pulse provides information about the number of de-
tected photons and, indirectly, about the particle interac-
tion that produced them [2–4].

Despite their internal gain, SiPM output signals are
fast and of relatively low amplitude. The detector also
presents a non-negligible capacitance, which directly af-
fects the behaviour and stability of the readout electronics.
A suitable front-end circuit is therefore required to convert
these short current pulses into voltage signals that can be
reliably measured and digitised [2, 3, 6].

In this work, the Hamamatsu S13360-3050CS SiPM
is considered. Its electrical response is represented by an
equivalent circuit and used to determine the charge corre-
sponding to a one-photoelectron event, which is then used
to dimension the readout circuit [2].

1.2 Charge-Sensitive Amplifiers

A Charge-Sensitive Amplifier (CSA) converts the
charge delivered by a detector into a voltage signal. In its
basic form, the detector current is applied to the inverting
input of an operational amplifier with a feedback capacitor
C f , so that the pulse charge is integrated on the capacitor.
For an ideal CSA, the output variation is approximately
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∆Vout = −
Q
C f
, (3)

where Q is the charge delivered by the detector [6].
Unlike a conventional voltage amplifier, the output ampli-
tude is therefore primarily determined by the total event
charge rather than by the instantaneous peak value or ex-
act temporal shape of the detector current pulse. This is
advantageous for SiPM readout, where the quantity of in-
terest is the charge associated with each event [6].

A resistor R f is commonly placed in parallel with C f

to discharge the feedback capacitor between events. The
resulting decay is characterised approximately by

τ = R f C f , (4)

where τ is the feedback time constant. It must be long
enough to allow the detector charge to be integrated with
limited loss, while remaining short enough to avoid exces-
sive dead time and pulse pile-up [6].

In practice, the CSA response is affected by the
operational-amplifier characteristics and by detector and
PCB parasitic capacitances. These effects are especially
important at the inverting node and in the feedback net-
work, making component selection and PCB layout criti-
cal for stable low-charge measurements [6, 7].

2 Methodology

The proposed front-end system was designed and sim-
ulated in Altium Designer. The workflow comprised three
main stages: implementation of the electronic schematic,
SPICE validation of the analogue circuitry, and physical
design of the printed circuit board (PCB). The schematic
included the SiPM equivalent model, the charge-sensitive
amplifier, the second amplification stage, the reset and
comparator circuits, the ADC, and the STM32-based con-
trol electronics.

Manufacturer SPICE models were used whenever
available. When no native model was available, exter-
nal manufacturer models were imported where possible.
For the SiPM, an equivalent electrical circuit based on
the Corsi model was implemented and parameterised us-
ing data from the Hamamatsu S13360-3050CS datasheet
[1, 2].

The PCB was then routed with particular attention
to the analogue front-end and the CSA inverting node,
where parasitic capacitance and electromagnetic coupling
are most critical. This iterative design–simulation–layout
process allowed the system to be refined before experi-
mental implementation.

3 SiPM Modelling

3.1 Equivalent Circuit Based on the Corsi Model

The SiPM was represented using the equivalent-circuit
model proposed by Corsi et al. [1]. This model represents

the detector by a network of resistive and capacitive ele-
ments together with a current source. The circuit was pa-
rameterised for the Hamamatsu S13360-3050CS using the
manufacturer’s datasheet [2].

Figure 1: Corsi equivalent circuit for the SiPM considered
in this work, implemented in Altium Designer.

The resistor and capacitor values of the equivalent cir-
cuit were obtained using the procedure described by Corsi
et al. together with the values published in the manufac-
turer’s datasheet [1, 2].

The current source was modelled as a fast pulse with
linear rise and fall times and a total charge equal to that
expected for a one-photoelectron event. The pulse charge
is calculated as Q = Gqe, where G is the SiPM gain and qe

is the elementary charge [2, 3]. Using the gain of the SiPM
considered here, Q = 1.7×106×1.602×10−19 C = 272 fC.
The current source was therefore defined as follows:

Parameter Value Description
Ilow 0 A Low-state current
Ihigh 22.67 µA Maximum pulse current
td 2 µs Initial delay
tr 10 ns Rise time
t f 10 ns Fall time
ton 2 ns Duration at maximum current
T 2.5 µs Pulse period
N 0 Number of cycles

Table 1: Parameters of the current source used in the SiPM
model.

3.2 SPICE Simulation of the Equivalent Circuit

To validate the equivalent SiPM model and study the
behaviour of a one-photoelectron pulse, a 4 µs transient
simulation was performed. The current-source pulse oc-
curs at 2 µs, and a time step of 0.05 ns was used. The re-
sulting waveform is shown below:
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Figure 2: Transient simulation of the SiPM response to a
one-photoelectron event.

The waveform is negative, with a rapid transition to
approximately −2.6 µA followed by a slower exponential
return to zero. The signal takes approximately 0.5 µs to de-
cay from 100% to 1% of its peak value, which corresponds
to a time constant of τ ≈ 109 ns.

4 Implementation of the CSA and
Associated Electronics

4.1 CSA Circuit

The amplification chain was implemented as a two-
stage circuit, consisting of a first charge-sensitive integrat-
ing stage followed by a second inverting-amplifier stage.

For the first amplification stage, the Texas Instruments
OPA656 operational amplifier was selected. The OPA820
was initially considered because it had previously been im-
plemented in a transimpedance topology. However, the
OPA820 has bipolar inputs and an input bias current of
the order of microamperes, with a specified maximum
of 16 µA [9]. When this current flows through the feed-
back resistor, it can produce a significant voltage drop and
shift the amplifier output by several hundred millivolts.
The OPA656 was therefore selected instead. Its JFET in-
put stage provides a typical input bias current of approx-
imately 2 pA and a specified maximum of 5 pA, greatly
reducing the corresponding DC output offset [8].

Figure 3: Circuit of the first amplification stage.

The amplifier is powered from ±5 V supplies, in ac-
cordance with the manufacturer’s specifications [8]. Its
feedback network consists of a 5 pF capacitor and a 1 MΩ
resistor. The charge-to-voltage conversion sensitivity of
the ideal CSA is therefore 1/C f = 2 × 1011 V/C, while
the associated feedback time constant is τ = R f C f =

(1 MΩ)(5 pF) = 5 µs.
For a one-photoelectron signal, the charge associated

with the SiPM pulse is approximately 272 fC. The ex-
pected output amplitude of the first stage is therefore V =
Q/C f = (272 fC)/(5 pF) ≈ 54 mV, which is sufficiently
large to be read and processed comfortably. The equiv-
alent SiPM model produces a one-photoelectron pulse
with a characteristic decay time of approximately 109 ns,
whereas the CSA feedback time constant is much larger.
This allows the pulse charge to be measured without ex-
cessive discharge of the feedback capacitor during the de-
tector pulse. Indeed, during the approximately 0.5 µs re-
quired for the SiPM pulse to decay from 100% to 1%, a
5 µs exponential CSA decay would reduce the stored sig-
nal by only about 9.5%.

A 22Ω resistor was placed before the amplifier in-
verting input in order to improve circuit stability in the
presence of the SiPM capacitance. Directly connecting a
capacitive load to the input of a wide-bandwidth ampli-
fier such as the OPA656 can introduce additional high-
frequency phase shift and promote ringing or even oscilla-
tion. The resistor provides a small amount of isolation be-
tween the detector and the inverting node, damping these
high-frequency components. A value of 22Ω was chosen
because it is small enough not to significantly degrade the
signal timing while still providing useful damping and im-
proved stability. This resistor does not determine the CSA
discharge time constant, which remains primarily set by
the feedback network according to τ = R f C f [7].
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A resistor equal to the feedback resistance can also be

placed at the non-inverting input of an operational ampli-
fier to compensate for the voltage offset produced by input
bias currents. In this circuit, however, such a large resistor
would add significant thermal noise, and the JFET inputs
of the OPA656 already provide an extremely low bias cur-
rent. For this reason, this compensation resistor was not
included.

The first stage is followed by a second amplification
stage implemented as an inverting amplifier. This topol-
ogy was selected because the first-stage output pulse is
negative, so the inverting stage produces a positive output
signal.

Figure 4: Circuit of the second amplification stage.

The OPA656 was again selected for the second ampli-
fication stage for the same reasons discussed above [8]. A
coupling capacitor of C = 100 nF is placed before the in-
verting input of the second-stage OPA656. Together with
the input resistance, it forms a high-pass coupling net-
work and removes any residual DC offset from the pre-
vious stage.

The second-stage feedback network consists of a
10 kΩ resistor between the output and the inverting in-
put and a 1 kΩ resistor between the inverting input and
the coupling capacitor. This configuration implements
an inverting gain of −10, so a one-photoelectron signal
with a first-stage amplitude of approximately 54 mV is ex-
pected to produce a second-stage amplitude of approxi-
mately 10 × 54 mV = 540 mV, with opposite polarity.

To stabilise the amplifier supply rails in both amplifi-
cation stages, decoupling capacitors are placed at the sup-
ply pins. Each supply rail uses a 0.1 µF capacitor together
with a 6.8 µF capacitor, following the manufacturer’s rec-
ommendations [8].

4.2 Reset and Comparator Circuit

To increase the achievable acquisition rate and allow
the system to measure a larger number of events with-
out saturating the charge amplifier, a reset mechanism was
implemented to discharge the feedback capacitor between
events.

Figure 5: Reset-mechanism circuit.

The ADG1219 [11] was selected as the reset element
because it is a CMOS single-pole double-throw (SPDT)
analogue switch specifically characterised for low charge
injection and low leakage current. Its charge injection is
specified below 0.5 pC over the full signal range, with val-
ues on the order of 0.1 pC under some operating condi-
tions, while its leakage current is specified up to approxi-
mately 0.6 nA at 85◦C [11].

The ADG1219 is connected in parallel with the feed-
back capacitor and is controlled by the digital control cir-
cuit.

To determine when the reset mechanism should switch
and discharge the feedback capacitor, a comparator cir-
cuit was also implemented. It receives the output sig-
nal from the second amplification stage and determines
whether that signal exceeds a reference value set by the
control circuit.
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Figure 6: Comparator circuit.

This circuit was implemented using an operational am-
plifier in open-loop configuration. The OPA356 was se-
lected because it provides rail-to-rail output operation and
supports single-supply operation [10]. It can therefore be
powered from GND and 3.3 V, producing output levels
close to the two supply rails depending on whether the
input signal is below or above the reference value im-
posed by the control circuit. Since the OPA356 output
does not reach the rails exactly, these levels are approxi-
mately, rather than ideally, 0 V and 3.3 V.

4.3 ADC, Control, and Communication Circuitry

To make the output signals of both amplification stages
externally accessible, each amplifier output was connected
to a LEMO connector. These connectors support coaxial,
shielded connections, helping to minimise externally cou-
pled electromagnetic noise. Since coaxial cables can add
significant capacitive loading, a 50Ω series resistor was
placed between each amplifier and its corresponding con-
nector to isolate the amplifier from the cable capacitance
[7]. A 50Ω resistor to GND was also added at each con-
nector to provide a local termination and reduce signal re-
flections.

To digitise the amplifier output signal, an Analog-to-
Digital Converter (ADC) is required. The LTC2315ITS8-
12 was selected; it is a 12-bit, 5 MSPS ADC and can there-
fore acquire samples at intervals as short as 200 ns [12].

A control circuit was required to manage the ADC as
well as the comparator and reset mechanism.

The control circuit was based on the
STM32G431CBT6 microcontroller from the STM32
family, selected because it provides substantial processing
capability while remaining relatively straightforward to
implement [13, 14]. The microcontroller sets the com-
parator reference voltage and, when a positive comparator

output is received, initiates ADC acquisition. After a short
delay, it then switches the reset mechanism to discharge
the feedback capacitor and begin a new measurement
cycle.

Figure 7: STM32 and associated connections.

To communicate the digitised ADC data externally, a
USB-C connector connected to the microcontroller was
also included. A TVS-diode array is placed close to the
USB-C interface to protect the circuit against electrostatic-
discharge and transient overvoltage events associated with
cable connection [15].

4.4 SPICE Simulations of the Analogue Electronics

Several transient simulations were performed at differ-
ent points in the circuit in order to validate and study the
behaviour of the CSA electronics.

An 18 µs simulation with a 0.05 ns time step was per-
formed to study the response of the two amplification
stages to a one-photoelectron signal. The first-stage simu-
lation result is shown below:
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Figure 8: Response of the first amplification stage to a one-
photoelectron pulse.

The simulation shows that the signal has the expected
general shape and is both amplified and temporally ex-
tended. Its amplitude is approximately 49 mV, which is
close to the previously predicted 54 mV. Over the simu-
lated interval, the pulse decreases from 100% to approxi-
mately 2% in about 18 µs. Interpreted as a single exponen-
tial over this limited range, this corresponds to an apparent
time constant of approximately 4.60 µs. This value is very
similar to the nominal R f C f = 5 µs time constant and is
therefore in good agreement with the theoretical value. As
expected, the pulse is negative and lies in the negative-
voltage region.

The behaviour of the second amplification stage was
also simulated using a 20 µs transient simulation with a
0.05 ns time step. The resulting waveform is shown below:

Figure 9: Response of the second amplification stage to a
one-photoelectron pulse.

The pulse duration remains essentially unchanged,
while the polarity is inverted from negative to positive and
the amplitude increases by a factor of 10, from approxi-
mately 49 mV to 490 mV.

To simulate the behaviour of the reset mechanism and
comparator, a 20 µs simulation with a 0.05 ns time step
was performed, and the second-stage output and compara-
tor waveforms were recorded. In this simulation, the SiPM
produces a pulse every 5 µs, while the switch also commu-

tates every 5 µs but with a delay of 2.5 µs relative to the
SiPM pulse.

Figure 10: Second-stage response to a periodic pulse with
reset switching.

The reset mechanism behaves as expected, discharg-
ing the feedback capacitor when activated. However, an
approximately 100 ns delay remains between the instant
at which the switch commutates and the discharge of the
feedback capacitor.

Despite the very low charge injection of the switch,
some residual injected charge is still observed. As a re-
sult, the reset leaves the amplifier output at approximately
−20 mV rather than 0 V. This offset is small compared
with the signal amplitude of approximately 490 mV, al-
though it slightly affects subsequent pulses. Since its mag-
nitude is known, its effect can be corrected during signal
post-processing.

Figure 11: Comparator response to a periodic pulse with
reset switching.

For the comparator simulation, the reference voltage
was arbitrarily set to 300 mV. The comparator exhibits the
expected behaviour, remaining near 0 V while the ampli-
fier signal is below 300 mV and switching to a level close
to 3.3 V when the signal exceeds this threshold.
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5 PCB Design

5.1 Design Considerations

The circuit developed above must be implemented on
a PCB so that it can subsequently be tested on the labora-
tory bench. PCB design is particularly important because
it can influence system stability and because parasitic ca-
pacitance introduced by the physical implementation can
affect CSA operation. The PCB must therefore integrate
the CSA and the analogue electronics while limiting both
parasitic capacitance and electromagnetic noise [6, 7].

5.2 PCB Implementation of the System

To minimise the influence of the control electronics on
the CSA, particularly through added noise, the PCB was
divided into two main regions: one containing the two am-
plification stages and the comparator, and another contain-
ing the STM32-based control circuitry.

Figure 12: 3D rendering of the system PCB.

The SiPM connector was placed at the edge of the
board for practical access, and the first-stage OPA656 was
placed as close as possible to this connector so that the
trace connecting the SiPM to the amplifier inverting node
would be as short as possible, thereby minimising para-
sitic capacitance [7]. The amplifier decoupling capacitors
were also placed as close as possible to the supply pins in
order to stabilise the local supply rails [8]. Imperial 0603
packages were selected for the decoupling capacitors be-
cause package-related parasitic capacitance is less critical
for these components.

Figure 13: First amplification stage. IC1 is the operational
amplifier, R1 and C1 form the feedback network, U1 is the
reset switch, and C4–C6 are the decoupling capacitors.

For the first-stage feedback network, the capacitor and
resistor were again placed as close as possible to the am-
plifier in order to minimise trace length and, consequently,
parasitic capacitance. The ADG1219 was also placed
close to the feedback network for the same reason. Im-
perial 0402 packages were selected for these components
because their parasitic capacitance is considerably lower
than that of larger packages such as 0603, while moving
to 0201 provides only a comparatively small additional re-
duction for the values considered here.

Package Cp representative
0201 0.021 pF
0402 0.026 pF
0603 0.040 pF
0805 ∼ 0.2 pF [18]
1206 ∼ 0.05−0.2 pF [19]

Table 2: Representative parasitic-capacitance values for
different SMD resistor package sizes [17].

After the first amplification stage comes the second
stage. In this case, it was not necessary to place the sec-
ond amplifier immediately next to the first because the
first-stage output is a low-impedance node and is therefore
considerably less sensitive to shunt parasitic capacitance
than the high-impedance inverting node [7]. Neverthe-
less, the decoupling capacitors and feedback-network re-
sistors were placed close to the amplifier for the same gen-
eral high-frequency-layout reasons described above. Since
parasitic capacitance is less critical in this stage, imperial
0603 packages were selected for these components.
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Figure 14: Second amplification stage (IC2), comparator
(IC3), and ADC. R6 and R8 form the feedback network of
the inverting amplifier.

The comparator follows the second amplification stage
and was implemented using layout precautions similar to
those applied to the preceding analogue circuits.

In this region of the board, signal traces with a width
of 0.254 mm were used because high currents are not ex-
pected and narrower traces help reduce parasitic capaci-
tance. Power traces, however, were made approximately
0.5–1 mm wide to provide additional current-carrying ca-
pability and reduce resistive heating.

The control circuit was implemented in a separate re-
gion of the PCB in order to reduce electromagnetic-noise
coupling and parasitic coupling into the CSA. The STM32
decoupling capacitors were placed close to the microcon-
troller to improve supply stability [13, 14]. The oscillator
was placed as far as practical from the inverting node of
the first amplification stage because its switching activity
can increase EMI coupling into this sensitive node. A pro-
gramming connector was also placed close to the STM32,
and the ADC was positioned between the second amplifi-
cation stage and the STM32.

Figure 15: Control circuit with the STM32 (U2), oscillator
(Y), and USB-C connector.

The LEMO connectors were placed close to the CSA
to minimise the length of the corresponding signal traces.
The board power connector was placed as far as practical
from the first-stage inverting node in order to reduce un-
wanted coupling. The USB connector was likewise placed
away from the CSA and at the edge of the board.

Figure 16: LEMO connectors (J OUT and J OUTAMP)
and the power connector.

A GND plane was added across most of the board to
provide a low-impedance ground reference, reduce EMI,
and improve heat spreading.

Finally, rounded board corners were added for safety
and mounting holes were included for practical assembly.

5.3 Parasitic Capacitance Analysis

To analyse the effects of parasitic capacitance on the
PCB, the method described by Peterson was applied [16].

The most critical region of the CSA with respect to
parasitic capacitance is the inverting node of the first am-
plification stage, since any additional capacitance at this
high-impedance node can directly alter the noise gain, fre-
quency response, and stability of the amplifier [6, 7].

Parasitic capacitance at this node arises mainly from
two mechanisms: coupling between the trace and nearby
copper planes, and coupling between the trace and neigh-
bouring signal traces [16].

Figure 17: Copper planes and neighbouring traces intro-
duce parasitic capacitance.

Using the Altium tools described by Peterson [16],
the capacitance per unit length between the inverting-
node trace and the GND plane was estimated as
85.93465 pF/m. Since the inverting-node trace is 15 mm
long, this corresponds to a parasitic capacitance of
(85.93465 pF/m)(15 mm) = 1.289 pF, or approximately
25.8% of the nominal 5 pF CSA feedback capacitance.
This is a significant contribution.
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To suppress this contribution, the GND plane was re-

moved in the region around the inverting node by defining
a copper keepout. Parasitic capacitance due to coupling
with neighbouring copper traces nevertheless remains.

Figure 18: Region around the CSA inverting node with a
GND-plane keepout.

The output-node trace is, on average, approximately
0.5 mm away from the inverting-node trace. Following the
method described by Peterson [16], the associated mutual
parasitic capacitance was estimated as 5.685 pF/m. For a
15 mm trace, this corresponds to (5.685 pF/m)(15 mm) =
85.3 fF, which is approximately 1.71% of the nominal
CSA feedback capacitance. This contribution is consid-
erably more acceptable. Thus, removing the GND plane
from both copper layers in the region surrounding the
first-stage inverting node reduced the dominant parasitic-
capacitance contribution by a factor of approximately 15.

6 Conclusion and Future Work

The first objective of this work was to implement and
validate, in Altium Designer, a charge-sensitive front-end
capable of measuring signals at the single-photoelectron
level from the Hamamatsu S13360-3050CS SiPM. The
SiPM equivalent model established a one-photoelectron
charge of approximately 272 fC, which was used as the
reference input for the front-end design. A feedback net-
work with C f = 5 pF and R f = 1 MΩ was found to pro-
vide a suitable compromise between charge sensitivity and
discharge time, corresponding to an ideal conversion of
approximately 54 mV per photoelectron and a feedback
time constant of 5 µs. The simulated first-stage amplitude
of approximately 49 mV and apparent decay constant of

4.60 µs are close to these theoretical values, supporting the
selected CSA dimensioning.

The simulations also showed that the second invert-
ing stage provides the intended polarity reversal and gain
of 10, increasing a one-photoelectron signal to approxi-
mately 490 mV and therefore providing a more convenient
signal level for digitisation. The reset architecture based
on the ADG1219 successfully discharges the CSA feed-
back capacitor, although a residual offset of approximately
−20 mV remains due to charge injection. This result indi-
cates that the switch is suitable for the intended reset func-
tion, while also showing that the residual offset should be
characterised experimentally and, if necessary, compen-
sated in post-processing. The comparator simulation like-
wise confirmed that the threshold-detection concept can
generate a digital-level trigger for the control electronics.

A second objective was to translate the analogue de-
sign into a PCB while limiting the parasitic effects that
are especially critical at the CSA inverting node. The
layout analysis showed that a nearby GND plane would
contribute approximately 1.289 pF to a 15 mm inverting-
node trace, corresponding to about 25.8% of the nominal
5 pF feedback capacitance. This result demonstrated that
a conventional uninterrupted ground plane is not appropri-
ate directly beneath this high-impedance node. Introduc-
ing a keepout on both copper layers removes the dominant
plane-coupling contribution, leaving an estimated mutual
capacitance of approximately 85.3 fF to the neighbouring
output trace, or about 1.71% of C f . The analysis there-
fore supports the adopted layout strategy of minimising
critical trace length, placing the feedback network close
to the OPA656, using small 0402 components in the most
sensitive region, and separating the analogue and digital
sections of the board.

The next stage of the project is the experimental char-
acterisation of the assembled PCB with a real SiPM. This
should include measurement of the single-photoelectron
response, noise and signal-to-noise ratio, comparison of
the measured gain and decay time with the SPICE predic-
tions, verification of the reset-induced offset, and evalua-
tion of the maximum sustainable event rate. The ADC,
STM32 control logic, comparator threshold generation,
and USB-C data transfer should also be validated as a
complete acquisition chain. These measurements will de-
termine how closely the implemented hardware follows
the simulated behaviour and whether further optimisation
of the CSA, reset network, or PCB layout is required.
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