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Abstract. New insights related to the integration of a readout system dedicated for the
detection and discrimination of neutrons are presented here. This study takes place in
the framework of the I_SMART European project. This system will have to work later
in a harsh environment in terms of temperature and radiations, what makes not only the
development of specifications for operation and reliability of the components necessary
but also the investigation of margins for the interplay of the system. Implementation of
the analog conditioning chain at transistor level (AMS (Analog/Mixed Signal) 0.35�m
CMOS technology) is investigated here where electrical performances have been validated
at SPICE-level simulations using “Spectre” simulator (SPICE-based) under Cadence DFII.

1. Introduction

Radiation detectors dedicated for safe operation under harsh environments (nuclear reactors) that are
based on semi-conductor materials have received considerable attention in recent years due to their
compact size and their fast charge collection time in comparison with other types of detectors (gas
filled) [1–3]. Crossing a semi-conductor detector (p-n junction for example), a particle delivered by a
source of radiation will generate a number of electron-hole pairs proportional to its own energy [4].
Then, electrons drift within the semi-conductor and diffuse towards a collecting anode inducing an
output current (single effect) [5] (Fig. 1).

The low amplitude of the output current generated by the sensor necessitates the presence of one or
many pulse processing chains in order to amplify the signal and to ensure available information about
the incident particle.

The majority of the existing processing chains are providing a direct reading of the input current
and are mainly composed by blocks ensuring (i) amplification, based on a charge sensitive amplifier
(CSA), (ii) pulse-shaping that is ensured by a pulse shaping amplifier (PSA), (iii) an analog to digital
conversion (ADC), which provides a digital data and a (iv) unit for further processing of the digital data
(Discrimination by the Multichannel Analyser (MCA)) [6, 7].
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Figure 1. Calculated output current pulse delivered by the sensor versus time [5].

This study takes place in the framework of the I_SMART European project. The final I_SMART
system will consist of one or more detectors in silicon carbide (spectroscopic detector, neutron, gamma
etc.), processing chains and microprocessor for the signal recognition. The system will have to work
later in harsh environments in terms of temperature and radiations. This necessitates the development
of specifications for operation and reliability of the components and the investigation of margins for
the interplay of the components. In a previous study, first investigations on the feasibility of integration
of the system under harsh conditions have been presented [8]. A first prototype (system approach) of
the analog processing chain based on a direct reading of the generated currents was characterized and
evaluated. First evaluations of the designed system have shown a high sensitivity, high resolution and a
good linearity of the response. In this context this work aims to investigate and characterize the analog
chain that has been designed at transistor level using AMS 0.35 �m technology. Detailed simulations
related to the characteristics of the developed chain are presented here. This detailed prototype will
allow us to test the resistance of the chain later under harsh operating conditions and to define the high
and low limits of the harsh environment integration.

2. Presentation of the Readout System

The readout system which is used here and which is based on a direct reading of the input current is
divided in an analog processing block and a digital processing block (Fig. 2). The analog processing
block will provide an analog output voltage; suitable for digital processing. Then, the digital processing
block, which is ensured by an analog to digital convertor, a pile up rejector and finally a multi-channel
analyzer (MCA) will provide a detailed spectrum related to the deposited energies of the detected
particles [8, 9].

2.1 Analog Processing Block

The analog processing chain is composed by a charge sensitive amplifier (CSA) followed by a pulse
shaping amplifier (PSA) (Fig. 3).

The CSA will convert the deposited charge on the sensor to an output voltage. The PSA, acting as
a bandwidth filter, is added in order to minimize the noise contribution of the CSA and to improve the
signal to noise ratio (SNR) in the output of the analog chain [8]. Finally, the output voltage is a semi-
Gaussian pulse characterized by a good SNR that will allow a good digital resolution (Fig. 4).

Therefore, the equation used to describe the semi Gaussian pulse forms is [8]:

Vout (t) = Q
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Figure 2. Block diagram of the processing chain.

Figure 3. Electrical circuit diagram of the analog signal conditioning (1 channel).

Where Q is the deposited charge in the sensor,
Cf is the feedback capacitance of the CSA,
�f is the time constant of the CSA,
A is the DC gain of the integrators of the PSA,
n is the number of integrators,
�p is the peaking time of the Gaussian pulse.

2.2 Digital Processing Block

Since the principle of discrimination is based here on the detection of height of the semi Gaussian-
pulse that contains the information related to the deposited charge (1), the ADC placed at the head of
the digital processing chain will have to convert the maximum of the coming pulse on a digital equivalent
data.

The used ADC here is a sigma delta convertor. This choice is based on its high resolution and the ease
of implementation that can be provided by this type of convertor. Once digital information is provided,
further processing can be ensured such as i) the pile up rejection of the overlapped pulses [8] and the
ii) discrimination of the remaining particles that is ensured by the multichannel analyzer (MCA).
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Figure 4. Electrical simulation of the output of the chain versus time for a single injected current pulse.

Figure 5. Intensity (number of events) of the detected pulses versus their deposited energies (gamma ray spectrum).

The final output of the readout system will be a detailed spectrum presenting the number of detected
events over their deposited energies. An illustration of an output spectrum is presented in Fig. 5.

3. Characterization of the Analog Processing Chain

The analog processing chain is the most important block of the chain since it is responsible for providing
an analog output voltage with extremely high linearity, good immunity against PVT (Process, Voltage,
and Temperature) variations and low additional noise.

3.1 Linearity of the Chain

The linearity of the system is a very important characteristic of the analog chain since it reflects its
ability to identify correctly the incident particle and to provide an output voltage, proportional to the
deposited charge. From (1), the relation between the charge and the maximum value of the Gaussian
pulse (occurring at t = �p) is strictly linear. Thus, a factor of charge voltage conversion, related to the
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Figure 6. Input currents comprising the same value of charge, the value of the considered charge is about 65 fC.

characteristics of the chain can be defined as follows [8].

Vout (�p) = QAnnne−�p/�f

Cf n!en
= QAV/Q. (2)

Where AV/Q = Annne−�p/�f

Cfn!en defines the voltage-to-charge conversion of the analog processing chain.
Then, by dividing the maximum of the output voltage by the factor of conversion, the deposited

charge can be directly calculated and defined. Thus, from (1), every value of charge (whatever the
characteristics of the input currents are) is then related to only one specific Gaussian pulse.

In order to check the ability of the equation to describe the presented chain correctly and the validity
the method used for discrimination (the correspondence of the deposited charge to one specific Gaussian
pulse), we have generated several currents with the same value of charge but with different forms
(different rising and falling times). The simulated currents are presented in Fig. 6 and their corresponding
outputs are presented in Fig. 7.

From Fig. 7 we can remark that the outputs of the analog processing chain related to the same value
of the deposited charge are approximately identical. However, inspite of the huge similarity between the
simulated forms, a little variation can be detected, especially at the maximum of the Gaussian pulses.
This variation can be basically due to the noise of the electronic components. In order to define the
limits of the used equation, we have defined a rate of variance related to a specific value of charge.
This rate presents the average variance of the simulated outputs of the chain (related to the same charge)
(Fig. 7) in comparison with the calculated ones described in (1). The values of the rate will be comprised
between 0 and 1 where 0 presents the case where the simulated output is identical to the calculated one
and 1 presents the case where the two considered outputs are completely different.

This rate was calculated for several values of charge. The results are shown in Fig. 8.
Thus, we remark from this figure (Fig. 8) that the error is increasing with the increase of the deposited

charge value. However, the rate of variation is negligible as its highest value is lower than 1.6 10−4.
Therefore, from these observations, the used equation has been validated and its use on the charge value
calculation is now argued.
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Figure 7. Outputs of the analog processing chain corresponding to the input currents shown in Fig. 6 (the currents
have the same charge value (65fC)). Same lines colors are considered for each input current and its corresponding
output voltage shape.

Figure 8. Rate of variance of the output simulated Gaussian pulses in comparison with the calculated ones for
different values of deposited charge.

3.2 PVT Variations

Another important issue that has to be tested is the robustness of the analog chain over PVT (P=Process,
V=Voltage, and T=Temperature) variations. For the technology used in the design (AMS 0.35 �m
CMOS technology), two important corners have to be simulated which present the worst and the best
case of operation for the system.

The worst case occurs when the used transistors in the analog chain operate in their worst speed,
when the temperature of operation is relatively high (150 ◦C) and when the used supply voltage is about
3V. The best case of operation is done by (P = Best speed, V = 3.6 V, T = −50◦) and the typical one
(normal conditions) is defined by (P = Typical, V = 3.3 V, T = 25°).

The outputs of the analog chain for the three considered cases are shown in Fig. 9.

05012-p.6
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Figure 9. Output of the analog processing chain in the typical case of operation (blue), the best case of operation
(red), and the worst case of operation (black).

We can remark from Fig. 9 that the characteristics of the output Gaussian pulse (amplitude, full
width at half maximum) have not been obviously degraded for the best and the worst case of operation
in comparison with the typical one.

Therefore, from these observations, we can conclude about the robustness of the analog chain that
has proved its capacitance to operate normally and to provide a correct output in spite of the PVT
variations.

4. Conclusion

The presented work is based on characterization of the analog block of a readout system dedicated for
the detection and discrimination of neutrons. The whole system is composed of a sensor, followed by
an analog processing chain (amplification + shaping) and a digital processing chain (ADC + MCA).

We have begun by detailing the several blocks comprising the system. Then, we focused on the
analog part and especially on the evaluation of the output of the analog processing chain. Two important
parameters were characterized which are the linearity of the chain and its robustness against PVT
variations. The simulations performed using Cadence have proved a good linearity of the system as
well as a high immunity to PVT variations.

As the system will have to work in harsh environments in terms of high temperatures and radiation
flux, the perspectives of this work are to design the presented processing chain on CMOS SOI (Silicon
On Insulator) technology. The choice of this technology is highly based on its ability to operate under
harsh environment constraints.
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