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This very first study takes place in the framework of the | SMART European project. The
final system will consist of one or more detectors in silicon carbide (spectroscopic detector,
neutron, gamma ...), a readout electronic, a conditioning chain and microprocessor for the
signal recognition. The work presented here is dedicated to a first approach of the feasibility
of integration of the full system. This system will have to to work in harsh environment in
terms of temperature and radiations what makes necessary the development of specifications
for operation and reliability of the components and the investigation of margins for the

interplay of the components.

When an incident particle, emitted by a source of radiation tracks a semi-conductor (p-n
junction for example), direct generated ions or secondary products from proton or
neutron/nucleus interactions generate electron-holes pairs [1]. Then, electrons drift within the
semi-conductor and diffuse towards a collecting anode inducing a parasitic current. Such kind
of behavior is called single effect which differs from cumulative effects (dose effects) that are
linked to the presence of oxide in the component [2]. Thus, radiation sensors require pulse
processing electronics so that energy or time information involved with radiation interactions

(parasitic currents) can be properly extracted.

Several types of detectors can be found in literature. Depending on the needs, they can be
divided on two broad categories. A lot of detectors are based on SRAM detection which is
only able to ensure information about the number of incident particles detected by the sensor.
Other detectors are based on collection and amplification by the use of the silicon sensor (p-n
junction) as volume in order to provide information about the generated currents

characteristics. Generally, the collection is assured by a matrix of pixels to ensure high



sensitivity [1]. Although this second type requires a whole analog preprocessing chain
comprising several components, it is still the more required one due to the importance of
information that can be provided on its outputs. The readout chain is mainly composed by i)
blocks ensuring amplification, based on a charge sensitive amplifier (CSA) or a current
sensitive amplifier (ISA), ii) pulse-shaping that is assured by a pulse shaping amplifier (PSA)
providing a semi-Gaussian pulse and iij) an analog to digital conversion (ADC) which
provides a digital data ready to pass on to iv) digital signal processing (DSP) [3] [4].

Since the readout electronics has to be placed as close as possible to the sensor to ensure high
sensitivity, the full system must be able to work under several constraints (very high
temperature and irradiations). However, providing electronic components able to run
normally under a temperature higher than 400° and under radiative environment is still a real
challenge in the area of the electronic instrumentation. In this context, this first work aims to
provide first investigations on the feasibility of integration of the full system in these
conditions. It focuses essentially on the development of the specifications for operation
(signal to noise ratio (SNR), bandwidth, gain...) of the components. An example of the
proposed chain can be shown in the following figure (Fig. 1).

Integrator 2" Order Integrator 2" Order

Charge Sensitive Amplifier
I Cc3 11 €5
c1 1 ||
Il
i | RE R7 R10  Ri11
Input_current A q 1|
- vy Differentiator 1st
Sensor I\ Order
R8 R9
\ €2 ra RS ) A2 >
CSA WV W= 3
/ /r | | I
2
,[ I ca I 6
R3]
CSA_output Chain_output

-

Fig. 1: Electrical circuit diagram of the analog signal conditioning (1 channel)
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In order to improve the efficiency of the detection, a systematic study will be presented in
the final paper. The aim will be to determine what are the threshold currents of the detector
and also, what is the limit of detection of two consecutive currents. The electronic chain for
signal conditioning has been simulated using Cadence (SPICE-based simulator). First results

of simulation are shown in Fig. 2. In this preliminary simulation, the input pulse follows a



rectangular shape (Input current), what is sufficient for a first evaluation of the chain
response. The CSA output together with the shaper output (Chain_output) are also depicted in
Fig. 2.
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Fig. 2: Transient response of the conditioning chain for successive pulses at constant

frequency (200 KHz).

Moreover, several solutions will be proposed to decrease pulse pile-up occurrence. Pulse
pile-up happens when pulses arrives closer in time than the pulse resolution time for the
system. Thus, in Fig. 3, the pile-up phenomenon is visible. The peak pulse of the output signal
is 1.1V at the beginning of the process (before pile-up) and increase up to 1.33V as soon as
the second pulse is detected. In the final paper, the input currents will be noise source currents
modeled using the systematic tool SITARe [5]. In SITARe, the current model takes as input
the ion physical characteristics (initial energy, LET, particle species) and location (point of
generation, strike angle). The current modeling is based on a simplified drift-diffusion model.
The model outputs are the currents generated at the sensitive zones of the pixel of detection,

what are the outputs of the detection chain.



Finally, the association of the systematic tool SITARe with Cadence will provide a
complete simulation platform, necessary for the characterization and the design of the full

conditioning chain.
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Fig. 3: Transient response of the conditioning chain showing pulse pile-up

(Frequency=572 KHz)
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