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ABsTrRACT: The CALOROCI1B ASIC has been designed to read out the SiPMs for the ePIC detector at
the EIC collider. Each of its 36-channels is composed of a high-gain preamplifier, two low-power
preamplifiers, a dynamic gain switching mechanism, a shaper, and two ADCs to measure the energy,
with a discriminator connected to a TDC for time-of-arrival measurements. This work presents
the ASIC architecture and its simulation results. The ASIC has been designed to read large SiPMs
(up to 10nF), be resilient to radiation, and have a large dynamic range (up to 140k measured as
Qmax/Noise) while keeping a good resolution.
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1 Introduction

In the context of the electron-ion collider (EIC) at Brookhaven, which aims to increase our understanding
of the properties of the nuclei [1]. The CALOROCIB chip was developed to read large-area SiPMs
(from 320 pF up to 10 nF) at the calorimeter of the electron-proton/Ion collider (ePIC) detector.

This experiment not only requires a front-end circuit that is capable of reading these large SiPMs,
but also demands this circuit to handle a large dynamic range (equivalent to a 16 bits ADC), have a
power consumption of less than 15 mW per channel, comply with the resolution requirements, and
have a time resolution of less than 1 ns. This should be achieved while maintaining a linearity error
of less than 1%. To comply with these requirements, CALOROC1B was developed.

CALOROCIB is a 36-channel ASIC that employs a dynamic gain switching mechanism to
increase its dynamic range without significantly increasing the power consumption while keeping
a good resolution for low charges. This switching mechanism chooses the signal read by the ADC
between three signal paths: a high gain path, a medium gain path and a low gain path. Also, the
medium gain path incorporates an additional gain switching step, which allows us to have a total of
four gains (2 bits) which are selected dynamically depending on the input charge.

2  Architecture choice

This gain switching mechanism is similar to that of AGIPD [2] or SITH [3]. Except that for
CALOROCIB, we expect a signal may arrive every 10 ns. Which is too fast for doing a synchronous
reset, and we want the baseline to stay constant until a signal arrives to prevent the dark noise from
triggering the time of arrival (TOA) (This is important because CALOROCIB has a streaming readout).
As a consequence, the architecture, gain switching and reset mechanism needs to be modified to
take into account this constraints.

The architecture of CALOROCI1B consists of 3 amplification paths per channel, which are
connected to an analog multiplexer that chooses which path will be read by the ADC. A simplified
schematic of the architecture of CALOROCIB can be seen in figure 1.
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Figure 1. Schematic of the analog path of CALOROC1B composed of three preamplifier (PA) and three
shapers (SH).

The gain paths were based on a previous circuit named HKROC [4], which uses a voltage
amplifier configuration, which AC couples to the input. This configuration allows us to connect
multiple amplification paths to the input without significantly altering the shape of the signal. Also,
the AC coupling ensures a better signal-to-noise ratio than having a current conveyor as was done
for H2GCROC [5], the downside of not using a current conveyor is lower occupancy, since it takes
more time to return to the baseline after a signal arrives.

There are a total of 3 discriminators in the circuit used to trigger the gain switching mechanism,
the first one, present in the high gain path, is used to switch from high gain to medium gain. Then the
other two discriminators are on the medium gain path, one is used to switch the feedback resistance
of the preamplifier (to reduce the nonlinearities) and the second one is used to switch from medium
gain 1 to medium gain 2, and to switch from medium gain 2 to low gain if the pulse coming out of
the discriminator is wide enough (which means that the preamplifier is saturated). Once triggered,
the gain switching stays active for 75 ns to 100 ns before it resets to the default gain.

3 Simulation results

3.1 Time to baseline and occupancy

The time to baseline, which is the time it takes for a signal return to the DC value, depends on both
the input RC constant, given by the SiPM capacitance and the value of R;, which can be chosen to
be 50 Q or 200 Q. Using a 10 nF capacitance, our input time constant is 7 = 500 ns which gives us
a time to baseline curve which can be seen in figure 2.



Time to baseline as a function of the input charge for a 10nF input capacitance
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Figure 2. Simulated time to baseline.

This time constant could be reduced by using a smaller capacitance, although doing this could
increase the electronic noise, therefore reducing the signal-to-noise ratio (SNR) assuming the same

voltage amplitude for the input signal, if the charge is kept constant, then the SNR increases as
Qin

C
In the case of a time constant of 7 = 100 ns the electronic noise is doubled, although this increase

the voltage V = increases.
in the noise could be fixed if the SiPM bias tuning is turned off. In this case the resistance is connected
directly to ground and the noise stays near the value observed using the 7 = 500 ns.

Since the hit rate per channel required by EIC (50 kHz) is lower than that required by Hyper-
Kamiokande (1 MHz) [4], the time to baseline and occupancy requirements are lower than what was
needed for HKROC [4]. Therefore we can accept the tradeoff of increasing the time to baseline and
decreasing the occupancy in exchange for a higher SNR and lower jitter.

Although the time to baseline is in the order of the ps, the width of the signal at the time of arrival
is less than 30 ns even for very large charges (1.44 nC using a 10 nF SiPM). This means that if we
have two signals of similar magnitude, we should be able to measure them both if they arrive more
than 30 ns apart from each other. This could be even lower (6 ns) for small signals (400 fC). If the
second signal is an order of magnitude lower than the first one, then we won’t be able to measure it
since the signal’s amplitude would be lower than the previous signal undershoot.

3.2 Charge resolution for different SiPMs

The following simulation results on table 1 show the dynamic range, input time constant, jitter and
SNR simulated for different SiPMs for CALOROCIB. A column showing the measurement results for
H2GCROC [5] was added to compare both circuits. The SiPM simulated had a gain of 1.8 x 10°.

Table 1. Table of simulated results for multiple SiPM configurations.

Circuit CALOROC1B | CALOROCIB | CALOROCIB H2GCROC
SiPMs 1 SiPM of 560 pF | 1 SiPM of 2.5 nF |4 SiPM of 2.5nF | 1 SiPM of 560 pF
Ci 560 pF 2.5nF 10nF 560 pF
Dynamic range (Noise — Qmax) | 2.6fC — 190pC | 12fC — 770pC | 48fC —3.1nC | 20fC — 320pC
Jitter @ MIP(432 fC) 35ps 110ps 470 ps 400 ps
SNR @ 1p.e (28.8fC) 10 24 0.6 1.44
Omin 43 fC 172 fC 690 fC 120fC




We can observe that, as the SiPM capacitance, increases, the SNR decreases and the jitter
increases (for a fixed charge). These simulations were made modifying the CALOROC1B parameters
(controllable through slow control) to keep the electronic noise constant. The dynamic range shown in
the table is the one achieved by using the default parameters for each capacitance, but the dynamic
range can be doubled if needed in exchange for a reduced resolution for the low gain.

3.3 Time resolution simulations

The results for the time resolution simulations can be seen in figure 3(a) for the Time walk and figure 3(b)
for the jitter, in which we can observe that the jitter is lower when the input capacitance is decreases.
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Figure 3. Time resolution simulations.

It is worth mentioning that the time walk (3.5 ns) is considerably lower than that of H2GCROC
(20ns) [5]. This was achieved by using a high pass filter which allowed us to reduce the time walk in
exchange for increasing the value of Qi (The minimum charge measurable).

3.4 Linearity

When using the gain switching, a common cause for concern is the linearity of the measurement,
especially close to the switching point. To decrease the nonlinearities, the time constant of the
medium and low gain paths is increased to virtually infinite, while the gain switching is active.
When measuring the linearity we consider the first point of the ADC (@25 ns) for the high gain
and the second point of the ADC (@50 ns) when the gain switching was active. We can do this as
CALOROCI1B measures by default 4 points for each signal it detects (pedestal plus 3 points every
25ns). Doing this, we can see in figure 4 a graph of voltage as a function of the input photons
where each line corresponds to each different gain.

If we measure the absolute linearity error for each line individually, we obtain that the absolute
nonlinearity error is less than 1% for each line.
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Figure 4. Voltage at the input of the ADC vs number of photons supposing a gain of 1.8 x 10° for the SiPM

4 Conclusion and next steps

As shown, CALOROCIB is a promising new circuit designed at Omega which is able to read large
SiPMs (10 nF) while significantly improving the dynamic range and the resolution of both charge and
time measurements compared to previous ASICs [4, 5] in exchange for a reduced hit rate and time
to baseline. This particular implementation of the gain switching mechanism showed nonlinearity
errors of less than 1% on simulations which is within the requirements for the ePIC detector. The next
steps will be to characterize the ASIC through measurements once it is manufactured to confirm its
simulated performance and find any errors we may have missed during the simulation phase.
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