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Abstract

A continuous reset system for the discharge of the feedback capacitance of integrated charge preamplifiers is presented.
The system, based on the use of a FET operating in the saturation region, is self-adaptable with respect to a wide range of
detector leakage currents. A circuit which provides compensation of the signal from the charge amplifier is also proposed.
The noise analysis, which takes into account both the stationary and non-stationary noise contributions and the effect of
the rate, shows that the system, when carefully designed, can offer good signal/noise performance for applications in y-ray
and high-energy X-ray spectroscopy. Practical layout considerations are also made. © 1999 Elsevier Science B.V. All

rights reserved.
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1. Introduction

In an ionizing radiation detection system, the
charge released by a radiation detector after each
ionizing event is usually collected by a charge am-
plifier, which provides the signal integration and
the first amplification through the feedback
capacitance. When a series of charge pulses is re-
leased by the detector, the total charge accumu-
lated by the feedback capacitance may lead to the
amplifier saturation. Target of a reset system is the
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discharge of the feedback capacitance in order to
avoid the amplifier saturation, without degrading
the noise and linearity performances of the overall
system. In the ever more frequent case of a large
number of detection channels dc-coupled to the
integrated front-end electronics, the reset system
should also supply the detector leakage current,
which is subject to wide changes due to thermal
effects, degradation and spreading in the techno-
logy dependent parameters. The classical solution
based on the use of a simple resistor in parallel to
the feedback capacitance becomes in most cases
impracticable. As a consequence, continuous and
switched integrated reset systems based on active
devices have been proposed [1-12].
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Aim of this work is the theoretical analysis of
a simple continuous reset system, based on the use
of a single p-channel MOSFET operating in the
saturation region. The analysis is carried out in
view of an integrated front-end electronics for y-ray
and high-energy X-ray spectroscopy with CZT
pixel detectors, characterized by a leakage current
in the nA range, but it can be easily extended to
other cases and applications.

2. The reset circuit
2.1. Static analysis

A schematic of the proposed reset system is
shown in Fig. 1. M, is a p-channel MOSFET that
is assumed to operate in the saturation region,
and this is the main difference with respect to a
previously proposed system [6,7]. To this aim the
gate bias voltage Vs must be chosen in order to
satisfy the condition |{Vpgy| > |V1i| where Vi,
is the threshold voltage of M. In this first analysis
the quadratic approximation Ip; = k'/2(W /L)
(Vgst — V11)* for the drain current of M, will be
used.

If Ipgr is absent or negligible, the drain current
Ip; of M, equals the input bias current Iy of the
voltage amplifier A;. The gate bias voltage
Ve and the drain current I, set the dc level of the
output voltage Vour, which is higher than the dc
level of the input voltage V' in order to satisfy the
condition |Vpgi| > |Vgs: — Vril- As an increase of
Vour at a constant Ip, (= Ig) would increase
Vi~ depending on the transconductance of M, and
on the differential resistance of the input node, the
stabilization of the bias point of the charge ampli-
fier is achieved.

If Ipgr increases or it is not negligible, the drain
current I, of M, increases accordingly, as well as
the dc level of the output voltage Voyr. It is easy to
verify that, under the given assumptions and the
further assumption that A, is ideal, the dependence
of Vour on Ipgr can be approximated by

2 L,

Vour ® Vog — V11 + \/PWI (Iper + Is), (1)
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Fig. 1. Schematic of the proposed reset sytem.

where k' = Coujtp, and L; and W, are, respectively,
the gate length and width of M,. In Fig. 2 is shown
Vour versus Ipgr as predicted by Eg.(4) and
by a HSPICE BSIM level 13 simulation. For this
example, k' =258pA/V3,Vy =—137V,L, =
60 pum, W, = 1.8 um, and Vg =— 1 V have been
chosen. The difference between the two predictions
is due to the limits of the quadratic approximation,
which does not consider the body effect and the
behavior of M; in the moderate and weak inversion
regions of operation.

From Fig. 2 it can be observed how the system
can supply changes of Ipgr up to several orders of
magnitude with relatively small changes of the
charge amplifier dc output voltage Vour-

2.2. Dynamic analysis

As a response to a d(t)-like pulse of negative
charge Qpgr from the detector (see Fig. 3), the feed-
back capacitance Cy is instantaneously charged by
an amount Q¢ = Qpgr, and at the output appears
a positive voltage signal which at ¢ = 0 is given by
Uou(0) = Q(0)/Cr. The gate to source voltage |vg,;| of
M, decreases accordingly, and a drain current iy,
which discharges Cy, is generated.

Because of the nonlinear dependence of iy on vy,
the time dependence of the discharge of the input






