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Abstract

Based on a minimum noise approach, a low-power
preamplifier and shaper circuit fulfilling LHC
requirements is presented. The circuit, integrated in
BiCMOS technology and intended to cope with a
diamond microstrip detector of about 5 pF capacitance,
uses a bipolar transistor input stage to obtain a noise
level of about 650 electrons r.m.s. with a peaking time of
the output signal of 20 ns. The circuit is powered with
single supply at 1.6 V with a total power consumption of
310 uW/ch. The DC feedback and reset of the
preamplifier and the shaper architecture are performed
by current conveyors that minimize power dissipation
because of a current re-use design.

1. INTRODUCTION

In this paper we present original circuit solutions for
preamplifying and  shaping, demonstrated by
experimental results obtained from test chips
manufactured by AMS in BiCMOS technology. The
presented front-end has the following characteristics:

¢ single power supply

e low bias voltage operation at 1.6 V

e low power consumption of 0.3 mW/ch

e peaking time of 20 ns

e fast return to zero of about 60 ns

e immunity to variation of detector leakage current

Although the circuit design is flexible and can easily
be adapted to various detectors and experimental
conditions, we have designed it for a 5pF detector
capacitance, as it is the case in microstrip diamond
detectors.

2. THE PREAMPLIFIER

2.1 Current conveyor feedback

A schematic of the charge preamplifier section is shown
in Fig, 1. It is made of a cascode input stage, an active

load and an emitter follower. The feedback path for the
signal is provided by the feedback capacitance C;. The
collector current of the follower, proportional to the
output voltage through the resistance R, is reduced by a
factor y (in our realisation y=50) and mirrored to the
input node by a MOSFET stage (M5, M6). This novel
configuration provides an equivalent feedback resistance
of Re=R vy 50 to give a fixed time constant discharge of
the feedback capacitance [1, 2]. This configuration also
provides the DC base current to the input BJT and a
feedback stabilisation of the circuit working point.
Thanks to the 100% re-use of the current from the output
follower, already available in the circuit, this current
conveyor feedback is intrinsically a zero-power added
solution. The power consumed by the preamplifier is
therefore mainly due to the input BJT collector current,
which is rigorously set by noise and bandwidth
considerations [3]. In our case, the choice of a peaking
time of 20 ns has given an optimum collector current of
90 pA.,

The presented current conveyor feedback is based on
the same principle already employed in other amplifiers
[4] [5], but in our case with an evident much more
compact and simple design, with the conveyor
practically integrated in the preamplifier circuit itself.

Figure 1 - Schematic of the charge amplifier. The
current conveyour feedback is performed by the
transistors M5 and M6. The output to the following
stage is the current in M7,
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Figure 2 - Circuit schematic of the charge preamplifier, of the shaper and of the PTAT.

2.2 Cold feedback resistance

The noise of the resistance R, of relatively low value
(R=1kQ in our realisation) and therefore easy to be
obtained in integrated technology, is dumped by a factor
y2 in its spectral power density and is therefore lower by
a factor Y with respect to the noise of a feedback resistor
of value Rg=RY In addition, the noise added by the
MOSFET connected to the input node can be made very
small with respect to the shot noise of the base current of
the input BJT by properly choosing its W/L factor. In
our realisation, this active feedback have a current noise
equivalent to a 350 k< resistor by occupying the area of
only a 1 kQ resistor plus two MOSFET’s.

2.3 First shaping stage within the preamplifier

The key point of having an active feedback resistance,
with a much lower noise than a resistor of equal value, is
that the feedback capacitance discharge time constant
can be chosen to directly produce one of the poles for
the pulse shaping. This eliminates the need of a pole-
zero cancellation circuit in the following stages of the
shaper, with advantages in term of simplicity and
stability of the entire amplifying circuit.

Finally, note that the output signal is made available
to the following stages as a current signal at M7, with
advantages in terms of reducing the noise contribution of
the following stages.

3. THE SHAPER

3.1 Active resistor pole

In addition to the first shaping pole already included in
the preamplifier, a second pole is obtained by the stage
indicated in Fig. 2. This stage is a current amplifier with

a bandwidth defined by a pole made with an active
resistor. The current pulse, made available from the
preamplifier through M7, is integrated on the capacitor
C1. The capacitance is connected to a feedback structure
(M8-M11) whose effect is to present at the input node A
a resistance equivalent to (1/gmprr+R )0, where o is the
multiplication factor of the two current mirror stages
M8-M9 and M10-M11. In our case R;=2 kQ3, C,=0.3 pF
and o =10 in order to give a time constant of © = 10 ns.
This solution allows for the setting of the desired time
constant with a minimum area occupation. In our case,
for example, the proposed solution shouid be compared
with a resistor of about 30 kQ.

3.2 Current amplification architecture

The use of MOSFET’s only in current moirror
configurations makes the circuit almost insensitive to
variations of their threshold voltage, therefore stabilising
DC bias, gain and time constant. The mirror architecture
makes also available the output signal as a current pulse
to drive the following stage. This can be either another
shaping stage equal to the previous one (if one wants to
introduce one more pole to the overall transfer function,
in order to obtain a more simmetrical output pulse) or a
final current comparator to detect signal overcoming a
given threshold. A current comparator adapted to our
circuit and with variable threshold has been designed
and is presently under fabrication.

4. EXPERIMENTAL RESULTS

The preamplifier and shaper have been produced in
0.8 pm BiCMOS technology at AMS [6]. Figure 3 shows
the experimental voltage pulse at the output of the
shaper loaded with R;=30 k2 and C,=0.3 pF. The figure
refers to an input charge of 25000 electrons. The pulse
has a peaking time of 20 ns and a fast return to zero
within about 60 ns, in agreement with the design of the 3
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Figure 4 - Experimental voltage pulse at the output of
the shaper for increasing number of e

poles circuit. The pulse is strictly unipolar thanks to the
DC coupling of the circuit stages. The dissipated power
of a single channel is 310 uW.

Figure 4 reports the output pulses for increasing values
of the input charge, showing a output swing of at least
240 mV. This value is imposed by the limited voltage
excursion of the gain node of the preamplifier due to the
low value (only 1.6 V) of voltage supply. This voltage is
the only one required to power the whole circuit. The
current source in the preamplifier is obtained using a
PTAT (Proportional to Absolute Temperature) circuit,
also shown in Fig.2, which can bias a large number of
channels, with a negligible power consumption per
channel of less than 10 pW/ch..

The chip is under test for noise measurements. The
expected value of Equivalent Noise Charge is about 650
electrons r.an.s. with 5 pF input capacitance.

5. ADDITIONAL REMARKS

The presented circuit is almost insensitive to detector
leakage current variations since these are summed to the
base current of the bipolar input transistor (about 1 pA):
a detector leakage current variation from 0 nA to 100 nA
would produce an output level shift of only 10%.

Although not directly addressed in our first prototype,
the circuit has good potentialities in term of radiation
tolerance. This is not only due to its compactness and
limited number of transistor used, but also to the choice,
whenever possible, of p-MOSFET’s, that are more
insensitive to radiation in term of both DC
characteristics and noise. The n-MOSFET in the
preamplifier can be easily replaced by a npn-BJT, with
the only drawback of requiring an additional reference
voltage for its base; concerning the n-MOSFET’s in the
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Figure 4 - Expetimental voltage pulse at the output of
the shaper for increasing number of electrons injected
to the input of the circuit.

shaper, they can be made radiation tolerant by choosing
enclosed designs and guard structures [7].
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