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ABSTRACT: AMIC architecture has been introduced in previous works in order to provide a generic
and expandable solution for implementing large number of outputs SiPM array/PMT detectors. The
underlying idea in AMIC architecture is to calculate the moments of the detected light distribution
in an analog fashion. These moments provide information about energy, x/y position, etc. of the
light distribution of the detected event. Moreover this means that a small set of signals contains
most of the information of the event, thus reducing the number of channels to be acquired.

This paper introduces a new front-end device AMIC2GR which implements the AMIC archi-
tecture improving the features of the former integrated devices. Higher bandwidth and filtering
coefficient precision along with a lower noise allow to apply some detector enhancements. Inho-
mogeneity among detector elements throughout the array can be reduced. Depth of interaction
measurements can be obtained from the light distribution analysis. Also a common trigger signal
can be obtained for the whole detector array. Finally AMIC2GR preamplifier stage close to SiPM
output signals optimizes signal to noise ratio, which allows to reduce SiPM gain by using lower
operating voltages thus reducing dark noise.
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1 Introduction

Detectors based on continuous scintillating crystals and SiPM arrays have demonstrated to be a
high performance alternative to position sensitive PMT [1]. However SiPM arrays introduce new
problems compared to former PMT technology such as a higher dark count or the lack of a common
trigger signal. In order to overcome most of these problems and provide a generic and expandable
solution for implementing any size output array based detectors, an integrated front-end AMIC was
presented in [2].

A new integrated front-end device AMIC2GR has been developed which improves several
features of the original AMIC. In section 2 a review of AMIC architecture is reported. Section 3
explains AMIC2GR improvements and shows test results related to its electrical performance. Sec-
tion 4 shows functional results of possible detector enhancements obtained by using a AMIC2GR
based front-end. Finally some conclusions are stated in section 5.

2 AMIC architecture

The underlying idea in AMIC architecture is to calculate the moments of the detected light distri-
bution in an analog fashion. Due to the additive nature of the moment calculation, the operation
can be carried out on a single device or split it into several devices, adding the partial results after-
wards. Up to eight different moments can be calculated, thus obtaining information about energy,
x/y position, depth of interaction [2, 3] or any other parameter related to the light distribution of
the detected event.

The Input Stage (IS) is composed by a set of 64 input preamplifiers which isolate the sensor
outputs from the Computational Blocks (CB) where the moments are calculated. As shown in
figure 1b each preamplifier generates eight identical copies of the input currents which are fed into
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Figure 1. AMIC2GR layout (Technology AMSC35 —- 4.22 mm %x3.58 mm) (a). Functional Schematic of
AMIC2GR (b). Expansion example of AMIC architecture (c).

the CB. The most important specifications of these preamplifers are input capacity range and noise.
The wide range of parasitic capacitance of SiPM and PMT can reduce bandwidth or introduce
stability issues in feedback structures. Noise may limit resolution in sensors with a high number
of outputs.

The CB implements a weighted sum of the input currents from the sensor, which is a spatially
discretized version of equation 2.1, where /(x,y) is the light distribution on detecting surface. De-
pending on the K" (x,y) coefficients different properties of the light distribution can be extracted [4].

CBnout://K”(x,y)l(x,y)dxdy 2.1

All the operations are carried out in current mode, and the weighting operations are imple-
mented using linear MOS current dividers [5]. Weighting coefficients are programmed through
a serial interface and stored in local static memory cells. Finally all the weighted currents are
added together and introduced in an output current buffer with a programmable offset compensa-
tion which helps to reduce bias currents from all previous stages. An example of expansion of the
number of inputs of the front-end is included in figure 1c. Current mode operation along the whole
architecture also helps to reduce additional external electronics.

3 AMIC2GR improvements

The preamplifier stage has been completely redesigned in order to guarantee SiPM compatibility,
providing an expanded bandwidth and an increased speed when using these devices. Results are
now comparable to those obtained with PMT. The preamplifier design (figure 2) makes use of the
pole splitting effect introduced by Miller compensation (Cyy) to push the secondary pole introduced
by input parasitic capacitance to higher frequencies thus increasing phase margin. A high signal
gain between points A and B, shown in figure 2, maximizes the shift of the secondary pole.
Electrical simulation results related to the preamplifier are shown in table 1 for two typical
photomultipliers (SiPM and PMT). Gain linear error is due to mismatch among different pream-



s T I

H
vbias2 B l
A

CURRENT
OUTPUT

CURRENT

INPUT
0

Cm

Figure 2. Preamplifier design.

Table 1. Preamplifier characteristics.

MPPC S10362-11 | PMT H8500

Bandwidth 40 MHz 70 MHz
Noise | 279pA/vHz | 183 pA/vHz
Gain Linear Error < 3% < 3%

plifiers and can be compensated through calibration. A low noise performance has been achieved
which yields Signal to Noise ratios (SNR) of 60 dB!.

Precision of the coefficients applied to the detector output currents have been improved. The
mean Effective Number of Bits of the coefficients (ENOB) is now 7.9 bits with a worst case of 7.3
bits, which means that the nominal precision (8 bits) is achieved in almost every coefficient.

4 Detector enhancement applications

An AMIC2GR based front-end can improve detector performance in different ways and allows to
deal with specific problems introduced by SiPM arrays. In this section some possible applications
are shown. Measurements have been carried out with PMT (H8500) and 64 SiPM array (S10362-
11) coupled to a LSO continuous scintillating crystal in a dual detector setup (figure 3) operating
in coincidence mode.

4.1 Gain equalization

Coefficient values of the computational blocks may include a gain correction in order to equalize
detector response. A simple method has been proposed which gives the correction factors based
on a set of 64 equally distributed measurements on detector surface and an ideal Light Distribution
Model (LDM) shown in figure 3a and figure 3b. The set of equations in 4.1 show the relationship
between 64 photopeak measurements PP, j, weights associated to LDM W, ,,; ; and a light gain

Measured with PMT Hamamatsu H8500
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Figure 3. Setup Configuration (a) and Light Distribution Model (b).

Non-calibrated Calibrated

1 2 3 4 5 6 1 2 3 4 5 6

MEAN: 4.84 mm

MEAN: 4.64 mm
STD. DEVIATION: 0.884 mm

STD. DEVIATION: 0.852 mm

Figure 4. Combined X-Y resolution (H8500 Hamamatsu).

factor LG; ; to be determined which includes the gain spread. After solving the equation system,
LG; ; matrix is obtained which just after normalization provides the desired correction factors.

Setup structure shown in figure 3a has been also used to take 36 equally distributed measure-
ments on the equalized detector surface (the closest to the point source) which are non-coincident
with the ones used in the calibration procedure. Both energy and spatial resolution show an im-
provement in mean values and a lower deviation over the total area (figure 4 and figure 5). Also a
more homogeneous behavior is observed specially in energy resolution.

Wo,0,0,0-LGo,0 +Wo,1,00-LGo, + ... +Wr700.LG77 = PRy
W0,0,0,1-LGoo +Wo,10,1.LGo1 + ... +Wi70.1.LG77 = PRy

Wo,0.7.7-LGoo +Wo,1,77-LGoy + ... +Wr777.LG77 = PPy 7 4.1
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Figure 5. Energy resolution (H8500 Hamamatsu).
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Figure 6. Effect of Operating Voltage (VOP) in detector performance. (8 x 8 array of MPPC S10362-11).

4.2 SiPM array operating voltage optimization

AMIC2GR is an integrated front-end with a preamplifier stage optimized for sensor characteristics.
As a consequence SNR can be high enough with moderate sensor gain values. This is a useful
feature specially with SiPM, since dark noise rises with Operating Voltage (VOP) which in turn
must be set to high values if high gains are required. As a consequence spatial and energy resolution
have a strong dependence on VOP as shown in figure 6. For low values of VOP, resolution is
determined by a low gain which yields a low SNR. High values of VOP produce high dark noise
ratios which also degrade SNR and resolution. The differences in X and Y resolution are caused
by a non-symmetric dead space distribution due to SiPM packaging structure.

4.3 SiPM array trigger signal generation

Another common problem when dealing with arrays of SiPM is to obtain a common trigger signal
for timing purposes. AMIC2GR includes a dedicated CB with equalized delays among its inputs
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Figure 7. Time resolution (ns) vs. XY Position. (8 x 8 array of MPPC S10362-11).

which offers the best characteristics to obtain a good trigger signal as the sum of all the signals
of the array. Results of timing resolution spread along detector surface have been measured using
the setup structure shown in figure 3a and are presented in figure 7. Absolute values of timing
resolution are limited by data acquisition system (DAQ) being used in the test bench. It is a free
running sample based DAQ with timestamp generation [6] which offers a best time resolution of
2.5 ns. These measurements include resolution spread due to mismatch among SiPM, PCB routing
effects etc.

5 Conclusions

A new implementation of AMIC architecture based on AMIC2GR has been presented in this paper.
Improved performance of AMIC2GR increases the range of possible photomultipliers which can
be used with the same front-end and allows a further enhancement of the detector features. Gain
equalization can be easily implemented as well as VOP optimization. Also a common trigger signal
can be obtained for SiPM arrays.
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