g@@ﬂ ISTITUTO NAZIONALE DI FISICA NUCLEARE

Sezione di Catania

INFN/TC-99/03
15 Febbraio 1999

INTEGRATED FRONT-END FOR A LARGE STRIP DETECTOR WITH
E, AE AND POSITION MEASUREMENTS

N. Randazzo®® G.V. Russo®®, C. Caligioré®, D. Lo Presti®®, C. Petta®®, S, Reito®,
L. Todaro®?; G. Fallica®, G. Vavo®; M. Lattuadad®®,
S. Romano®, A. Tumino ®©

1. Centro Siciliano di FisicaNucleare e Struttura della Materia— Catania, Italy
2. Idtituto Nazionale di FisicaNucleare, Sezione di Catania, Italy
3. Dipartimento di Fisica, Universitadi Catania, Italy
4. now a STMicroelectronics— Catania, Italy
5. STMicroeectronics— Catania, Italy
6. Istituto Nazionale di Fisica Nucleare, Laboratorio Nazionale del Sud — Catania, Italy

Abstract

A large strip detector for position and energy measurement of heavy ions in a 100 MeV
range has been realised. An improved version with an epitaxid thick layer for AE measurement
isforeseen. This paper describes a charge preamplifier—shaper dedicated to an optimal use of the

mentioned detector whose charge extracted will be holes. The dynamic range of 14 bit and 11
bit are expected for E and AE measurements, respectively.
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1 Physical motivations

The renewed interest in molecule-ike behaviour of nuclear matter came mainly from
recent experimental results that support the theoretical predictions about the existence of very
deformed cluster configurations, such as—chains[1],[2]. Experimental evidence has been found
for a rotational band a high excitation energy in **O, with so large a moment of inertia as
expected from alinear structure of four a—particles[1]. Therotational bandhead should be a 0+
level around 17 MeV of excitation energy, about 2 MeV above the threshold energy of
dissociation into four a—particles. The existence of an elongated a—structure in #Mg is till a
meatter of investigation [2]; the excitation energy region around 46.4 MeV is seen as that of a
rotational band with an intrinsic configuration of six a—particlesin achain.

Whenever, in consequence of a nuclear interaction, one of these a—structured levels,
belonging to a self-conjugated 4n nuclei, is excited, mainly a—particles characterise the exit
channel. Theintermediate system can break up into a—particles directly or through a sequentia
decay into other self—conjugated 4n nuclei, which finaly decay by emitting a—particles. As an
example we can consider the decay of the hypothetical a—chain in #Mg a 46.4 MeV of
excitation energy; one of the most important decays isinto two *C excited at levels known to be
characterised by aintrinsic configuration three a—particle; another possible decay is the three
body channel ®Be + ®Be + ®Be, which can proceed through the formation of a 160 excited in
correspondence to the 4a—chain region, and its subsequent decay into two correlated ®Be. The
experimental investigation of such configurations requires detection of a—particles in order to
reconstruct kinematicaly the initial channels and al the correlations existing between the
particles. Sometimes, when the experimental set—up does not allow the identification of detected
particles, the presence of correlation between them could be powerfully used to provide for this
lack. For example the relative energy spectrum of two coincident unidentified particles, which
peaked at about 0.09 MeV, allows for identification of the emitting ®Be ground state. In this
particular case, the coincident detection of two a—particles has been sometimes performed [3]
by using a Dud Position Sensitive Detector (DPSD), made of two Silicon Position Sensitive
Detectors, assembled in close geometry. The mission angle and energy of ®Be can be
reconstructed by measuring the angles and energies of the two fina a—particles, when each of
them hits one half of such aDPSD.

When the reaction process involves nuclei decaying into more than two a—particles, a
DPSD is not adequate and more fragmented detection systems are needed. The natura evolution
of the DPSD is then a detector made of a number of parallel position sensitive strips. In this case
detection efficiency is a function of the number of strips, for a given solid angle, and strongly
depends on the multiplicity of the decay under investigation. Typica position and energy
resolutions of commercial position sensitive detectors are better than 1%. In order to keep these
features during the charge collection and signal formation, preamplifier noise better than 10 KeV
should be desirable for both signals. This is particularly important for the position information
which is deduced from a partition of the energy signal.

The kinematical identification ill leaves a residual background in the reconstruction of
the relative energy spectra of the a—particles, thus deteriorating the information on the
parameters of the emitting state. AE—E identification of a—particles is then required in order to
get complete information on the final state of the reaction.

A silicon AE layer around 10 um thick was estimated to optimise both the identification
of the emitted a—particles and the detection threshold for typical reactions performed at tandem
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energies. Since the energy loss in transparent detectors is generally a small fraction of the tota
energy, itsresolution does not affect heavily the tota energy resolution. The main requirement
isthat its noise be low enough to alow for the separation of a—particles from the neighbouring
light gectilesin the AE—E plane. In consideration of the high capacitance of such a AE detector,
electronic noise of few tens of KeV should till be enough to maintain the overall characteristics
of this telescope suitable for the class of experiments above described.

2 Detector design

While the Energy—Position detector has been produced by STMicroelectronics in its
Catania R& D department, instead the AE—Energy—Position is yet under devel opement.

A cross section of the Energy—Position detector is shown in Fig.1. The totd area is
5 x 50 mm?, while the sensitive area of the strip is 3.1 x 48 mm?

The detector capacitance is about 32 pF.
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Fig. 1 — Cross section of the Energy—Position detector (not in scale).
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Fig. 2 — Structure of the Energy—Position detector (not in scale).

The detector has the structure of a PIN diode (see Fig.2). The anode is obtained by ion
implantation of boron on the front of an n—type FZ <111> wafer of very high resistivity
(p > 9000 Q-cm), with athickness of 800 um. At both extremities of this implanted P strip
there are two readout contacts (DC coupled). The position information (only in one direction) is
deduced from a partition of the energy signal, extracted from these two contacts. The anode is
surrounded by a P~ ring, which prevents the edge of the junction from loca breakdown
phenomena. Near the edge of the entire detector there is a channd stopper, obtained by ion



implantation of a high dose of phosphorus. On the back of the detector, the cathode is formed
by an NN* pseudo—junction that acts as a non—injecting ohmic contact. The upper anode is the
entrance window of the detector. Therefore, the superficial layer above the depleted region must
be as thin as possible in order to avoid absorption of radiation and energy straggling. For this
reason, the anode is formed by an ultra thin implanted boron layer with only a 0.4 pm oxide
film aboveit. The meta layer (Ti/W + Al/Ti) does not cover the entire senditive area, but there
are only two bonding pads over the readout contacts. These contacts are 10 pm large rectangles
as close as possible to the extremities of the P strip. Because of the high thickness of the wafer,
this detector has a full depletion voltage of 165 + 180 Volts. The mean leakage current at full
depletion is ~200 nA. The charge collected by the anodes is composed by holes.

A more complex double face detector is now in course of development &
STMicroelectronics. This new detector will be a monoalithic telescope having four contacts. on
the front there will be the ground contact and the AE readout; on the back will be two
Energy—Position readout contacts at the extremities of aresistive rear layer.

In this new telescope the AE and the E stages will be two reverse biased diodes working
at full depletion. The AE stage will be ~10 um thick and will work at an operating voltage of
~50 Volts; the E stage, asin the previous detector, will be 800 pum thick and will work at ~180
Volts. The detector capacitance of the AE stage is foreseen as about 1000 pF.
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Fig. 3 — The read—out system for solid state detectors.

3 Front—End for solid state detectors

To measure the energy lost by a particle in a detector a readout system must be made.
Fig.3 shows a schematic drawing of the front-end for solid state detectors. A charge
preamplifier gives asignal whose amplitude is proportional to the energy losses. A filter reduces
noise to give a better resolution.

In the case of Intermediate Energy Physics Experiments (IEPE) the limited number of
channels has led to the use of expensive modular devices both for preamplifiers and filters [4].
Nevertheless new more complex experiments require a number of channels comparable to those
of High Energy Physics Experiments (HEPE) [5]. At first physics have adopted hybrid or SMD
circuits [6]. More recently monolithic front—end devices suitable for IEPE use have been
presented [7],[8].

Four main advantages can be achieved with amonolithic device. Thefirst onerefers to the
power dissipation that can be decreased by up to three orders of magnitude compared with
modules and up to two orders of magnitude in respect of hybrids. The second is the cost of the
electronic chain that decreases very much both for amplifiers and power supplies. The size of a
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monolithic device is very small compared with other solutions. As a consequence one can make
a very fine segmentation of multidetector systems. The last advantage is that a monolithic
preamplifier—shaper is designed taking into account its specific application. Therefore its
performances can be better that general purpose modules or hybrid solutions.

The resolution properties of a readout system depend mainly on the leakage current and
the capacitance of the detector. One can reach appreciable results using an appropriate
preamplifier. Itsinput transistor is the most important device of the whole chain [9]. In the case
of very large area detectors, as in IEPE, the capacitive coupling between detector and
preamplifier requires a very large area transistor really unusual in integrated technologies [8].
Neverthelessit is convenient to design a dedicated ASIC preamplifier—shaper, that with several
remarkabl e advantages, gives very good resultsin the presence of a specified detector.

We have adopted a semigaussian RC-CR? filter [10]. To reduce costs and sizes further
the filter has been implemented in a single chip. We have chosen a solution that gives very good
results also if we compare them with both module and hybrid solutions.

The transfer function of this type of filters can be written as:

Ky = k — T _ _wo's 1)
(S+1/T)n+l (S+000)n+1

4 The design

The main characteristics of the readout are energy resolution and dynamic range. The first
depends on the noise properties of the system but, as for the reason that will be explained in the
next section the sengitivity of the preamplifier can play agreat role especially for low capacitance
a low sensitivity. And this is the case in the present application. Our design start from noise
considerations, but they are strictly connected with dynamic range.

4.1 Noise considerations

In areadout system the overall noise is obtained taking into account the contribution of the
preamplifier and the effect of the shaper. Generaly speaking one attributes the source of noise
to the preamplifier while the shaper is used to decrease it with afiltering action. Nevertheless the
shaper is not an ideal object. It has its own intrinsic noise. Its behaviour can be retained ided
only when its contribution is negligible in respect of the total noise. A good shaper having an
amplification of 1+2 V/V has an intrinsic noise of afew hundreds of microvolts. Preamplifiers
having a sengitivity of more then 100 mV/MeV haveintrinsic noise of about 1 mV. In Low and
Intermediate Energy Physics applications one needs very high dynamic ranges, see 13-15 hit.
Using standard integrated technologiesit is not possible to achieve such a high sensitivity in the
preamplifier stage. It is difficult to exceed more than 10 mV/MeV. Then one has low noise in
the preamplifier stage and so the contribution of both the shaper and the biasing system is no
longer negligible. This problem is more consistent for detectors having low capacitances. This
behaviour will be confirmed with our measurements. In our design we have taken a special care
in the design both of the preamplifier and of the filter to achieve an overall minimum noise. We
have applied the standard techniques of a low noise amplifier to limit its effect on the shaper.
For the preamplifier we have used the optimisation procedure described below.



4.2 The first transistor

The main source of noise for the whole chain is the first transistor of the first stage.
Preamplifier noise depends both on its design and process parameters. Our devices, named
OSCAR, have been designed in CMOS 1.2 pm, double—poly, double-meta process. We have
investigated all the contributions of noise: flicker (ENC,), thermal (ENC,) and shot (ENC)). The
analysis has been performed as in previous papers [8]. We have assigned some parameters as,
for instance, the leakage current ILK, the capacitance Cd of the detector, the range of the shaping
time ts = n.t, according to ADC and rate restrictions, the number n of the integrators and an
appropriate range for the drain current ID of the first transistor.

Assuming an ideal shaper, for a readout system such as that shown in Fig.3
one has [11]:

Kf C 0
ENC? = e fn 0
C&WL g2 2n 0
8 1 Cg B (L5n - 05) n
ENCZ = — KT — f ( ) fn% 2
3 gm g% 41 tg 0
B (05n + 05 0
ENCZ = 2 q ILK ts ( )fn. 0
g% 4m n g

Kf istheflicker coefficient of the first NMOS transistor; Cox is the specific oxide capacitance of
itsgate, W, L areitssizes, Ct =Cd + Ci + Cf + Cp is the sum of the detector capacitance, the
input transistor capacitance, the feedback capacitance and the parasitic capacitances at the input
gate. The trasconductance of the first transistor is gm. K is the Boltzman constant, q is the
electron charge, T isthe absolute temperature, B isthe Betafunction

-1
B(p a) = fé tp-1 (1—x)q dx,

2a2
and fn = Cnize2nD
n2n
Thetotal noise ENC,,, isgiven by:
ENCit = ENC? + ENCZ + ENCZ. 3)

4.3 Noise optimisation

We have used a folded cascode solution for the charge preamplifier since the smple
cascode amplifier has a good amplification but a limited common mode input range. This
limitation is overcome using the folded cascode solution. Its gain A0 = gm[Ro depends on the
trasconductance gm of the first transistor, that in turn, depends on its drain current. Ro is its
very high output impedance [12].

The output of the preamplifier of the Energy channd is used to generate a signa for
timing too. A rise time of not more than 50 ns is required. Since the latter, and therefore the
bandwidth, depends on ID we have established the need to search for the optimum conditions
for noise in an ID range according to this bandwidth requirement and power dissipation



limitations.

To optimise the Energy channel performances we have taken into account the leakage
current and the capacitance of the detector. A reasonable choice of the filter order must also be
made. The order of the filter, generaly speacking, ameliorates noise. But this is not redly true
in every case. As we have adready said in Sect. 4.1, when the preamplifier sengtivity is very
low, the theoretical improvement of noise due to a bigger order is lost by the worsening of
intrinsic shaper noise due to the included devices. For this reason we have limited the order of
thefilterton=2.

To minimise noise, the detector and the input transistor must be appoximately capacitively
matched. If we can neglect Cf + Cp then Ct = 2[Cd = 2[Ci = 2[Cox.W'L. The technological
process chosen determines the WL product. Then the expressions (2) can be condensed as:

0

ENC? = a |DAF-1 B
ENCZ = a L Otst OID¥2 a wl Otst 01D (4)
ENCZ a ILK Ot . o

0

O

AF isthe SPICE coefficient of the Flicker noise.

To reduce thermal noise aminimum L of thefirst transistor must be utilised. W is a direct
consequence of this choice. The choice of the shaping time ts is a compromise between thermal
and shot noise. In an analogous way ID is a compromise between flicker, therma noise and
power dissipation.

Fig. 4 — Energy channel preamplifier optimisation.

The above expressions have been manipulated by a code capable of optimising noise vs.
ID, W and ts. We have assumed an upgraded leakage current ILk = 70 nA. The result is
depicted in Fig.4 in the case of n =2 and Cd = 32 pF.

Using an ided shaper with zero intrinsic noise a minimum noise of 618 € has been
caculated at ID = 2.2 mA, usingaNMOS transistor withL = 2 p e W = 8.3 mm. The peaking
time must be about 240 ns. At Cd = 0 pF and ILk = 0 nA we have calculated about 175 € rms
while a Cd = 32 pF and ILk = 70 nA we have caculated about 618 € rms. These results are
summarized in the 3rd+4th columns of TABLE I.



[FABLE] OSCAR E channdl calculated noise
Optimised OSCAR
W (mm) 8.3 10
ts (ns) 240 700
Cd (pF) 0 32 0 32
0 175 510/ 160 338
[Ik (nA) [70 410 618] 692 772

An analogous optimisation for the AE channel (Cd = 1000 pF, ILk = 10 nA), using about
the same drain current ID = 2.2 mA leads to the results depicted in Fig.5. A minimum noise of
2150 e rms could be achieved if W = 38.4 cm! A transistor with this size is absolutely not
redistic!

e

=™y

Fig. 5— AE channel preamplifier optimization.

Instead of designing two different preamplifier—shapers we have decided to adopt a
compromise and to make a single solution which is acceptable for both E and AE
measurements. Since the most pressing assignment as regards resolution was for E
measurement the transistor width was fixed a 10 mm. This is a very good choice for E
measurement. Neverthel ess the peaking time was enlarged up to 700 ns. The latter solution, is a
compromise with the need for resolution for E or AE measurements. Increasing the peaking
time too much will compromise the E resolution while it ameliorates the AE resolution. Because
of the rate it is not recommended to enlarge ts to much. A peaking time too short could cause
difficultiesto the ADC that requires a minimum peaking time of 500 ns.

Using an ideal shaper with zero intrinsic noisea Cd = 0 pF and ILk = 0 nA we have
calculated about 160 € rmswhileat Cd = 32 pF and ILk = 70 nA we have caculated about 772
€ rms (see the 5rd—6th columns ot table 1).

Both calculated thermal and flicker noise are shown in Fig.6. The calculated effect of shot
noise is shown in Fig.7.

For AE measurement we have calculated about 8640 € rms, a Cd = 1000 pF and ILk =
10 nA.
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Fig. 7 — Preamplifier shot noise.

4.4 Preamplifier design

The preamplifier stage shown in Fig.8 is based on a single-ended folded cascode. Two
very important features of the folded cascode are that the dominant pole is established by the
capacitance at the output node and that the slew rate depends both on this capacitance and the
biasing current. This solution offers better performances in terms of stability and gain compared
with the standard cascode [12].

Taking into account that the detector drains positive charges the preamplifier was designed
to achieve the best dynamic.
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Fig. 8 — Preamplifier schematic diagram.

Let uscall Cf and Rf the feedback group. The transfer function of the preamplifier is[11]

Vout gm (5)

lin gn / Rf + sgmCf + §2Ct(Ct + CL)
The output signal caused by acharge Q in the detector is:

Vo) = g2y [0 - o) ©)
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wheret: = RCr andr2=G(Ci +Cu) fonCs . If 11 >> 12 the speed of the preamplifier depends on
12. If thisisthe case, therisetimeis:

tr=2.2 Ct (Cf + CL) / gmCf (7)

The NMOS input transistor a ID = 2.2 mA gives gm = 37 mA/V. The choice of a very
high value for the external feedback resistance (Rf = 10 MQ) is to decrease significantly the
parallel noise. It is not convenient to integrate aresistor of such ahigh value.

We have used an internal total feedback capacitance Cf = 4.4 pF to obtain a sensitivity of
the preamplifier 10 mV/MeV or 223 uV/fC. When Cd = 32 pF, 11 >> 12. Using the expression
(7), in this condition and with CL = 20 pF, we have calculated arise time tr = 21 ns.

Fig. 9 — First transistor gate and feedback capacitance

Specia care was taken to obtain an overal Cf = 4.4 pF. To achieve this value a dightly
smaller Cf capacitor was designed with the intenion of compensating the effect of parasitic, pad,
resistor bonding, pin and case capacitances. To control better parasitic capacitance and to save
silicon area Cf is obtained extending the first transistor gate. Fig.9 shows the first transistor gate
and the feedback capacitance Cf.

The unusual dimension of thefirst transistors (10.000/2) has imposed the need of special
care in its design. To limit extra noise due to the high resistivity of the bulk the latter was
polarised around the first interdigited transistor using a special layout technique.

We have used only one power supply for the input transistor to decrease its power
dissipation. In fact it does not exceed 760 UW. Taking into account the remaining part of the
preamplifier, the overal power dissipation without the shaper is less than 2.8 mW, that is a
least 50 times smaller than hybrid modules.

4.5 Shaper design

The shaper has been implemented in the same chip like a CR-RC? with a smple CR
passive filter and two bilinear active filters. The latter use double-stage Miller—compensated
Full-Custom operational amplifiers. The power dissipation is about 3.3 mW. Driving capability
of an external CL = 20 pF is provided. The output linear dynamic range alowed by the
technology is2 V. To obtain adynamic range of 120 MeV the overall sengitivity must be 2/120
VIMeV =16.6mV/MeV. Since the preamplifier sengtivity is 10 mV/MeV the shaper must have
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A0 gain of up to 1.66 V/V. Thetransfer function is given by (1). Sincetp=700nsand n = 2,
we have tp = 2t = 2/w0 = 1 /1f0. Then f0 = L/ttp= 455 KHz. AsO, n and fO was used to
design thefilter.

4.6 OSCAR layout

The picture of OSCAR is shown in Fig.10. You can see six equal channels. This means
that one chip is dedicated to two strips. Provision is made for channel testing. To limit crosstalk
between the channels an accurate guard ring was inserted. To measure crosstalk, two test
capacitors are put in, connecting together odd or even channels. Power supply is £2.75V. The
size of OSCAR is2 x 4 mm2.

5 Measurements
A set of accurate measurements was made. The most important are given below.

5.1 Sensitivity measurements

We have measured the preamplifier output to 3 MeV using a sampling Scope Tektronix
TDS 753D. Theresult isshown in Fig.11. The step is about 28.96 mV. Then the sengitivity of
the preamplifier is about 9.65 mV/Mev.

The output response of the Preamplifier—Shaper to 2 MeV is shown in Fig.12. A voltage
of 31.6 mV has been measured and the overall sensitivity isabout 15.8 mV/Mev or 352 uV/fC.
Then the shaper amplification AsO isabout 1.64 V/V. The output range is 2 V corresponding to
al126 MeV range.

Tek SXXE Single qu S500MS/s Tek SHIJH Single qu 50.0MS/s
T T
E 5

C1 Rise
33.6ns
JJ TR T OO S
L R W To0Rs TCRT 7 OV 26 oct 1998 m\:/“/ﬁw """ - W 1.00ps Chi :x —’15;.4’m\" 26 Oct 1998
. L p 23:24:40 23:41:26
Fig. 11 — Preamplifier measured Fig. 12 — 2 MeV measured overall

3 MeV response. response.
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Fig. 13 — Preamplifier/shaper linearity.

5.2 Timing measurements

From Fig.11 you can see that the preamplifier rise time is about 34 ns. This is a very
good performance for timing! Taking into account the loading effect of the scope (about 8 pF)
this result agrees with the theoretical prediction of Sect. 4.4.

The peaking time that we have measured from Fig.12 is about 670 ns, very close to the
desired value of 700 ns.

5.3 Transfer function measurement
We have measured the overall transfer function using the 3 GHz Network Anayser
HP8753D. wo = 3. Mrad/sec. The peaking time = n/wo is confirmed as 670 ns.

5.4 Linearity measurement

The linearity of the preamplifier isvery good, as you can see from its measurement given
in Fig.13. We have obtained better than +.5% for electrons up to 60 MeV and up to 130 MeV
for holes.

5.5 Noise measurements

We have measured OSCAR noise both for E and AE use. In Fig.14 the dotted points
represent the result of our measurements.

At Ci =32 pF and ILk = O the total noiseis about 3360 € rms, that is 12.1 KeV. Then, in
absence of leakage current we have a dynamic range of 126 MeV/12.1 KeV, that is 10413.
More than 13 bit! Shot noise depends on the square root of leakage current. That is ENCs =
kMikY2. From Fig.7 we can caculate the k value for OSCAR as about 75 when Leskage
current is expressed in nA. If we want 13 bit of dynamic range, for E measurement, the tota
noise can increase up to 126 MeV/8192 = 15.38 KeV. Then, a Cd = 32 pF, shot noise can be
up to (15.38% - 12.1%)Y2 KeV = 9.49 KeV; that is 2630 €. In conclusion the maximum
allowable leakage current is (2630/75)? nA = 1.23 mA.
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Fig. 14 — Measured and cal culated noise.

At Ci = 1000 pF and ILk = 0 the total noise is about 8115 e- rms, that is 30.4 KeV. So,
in absence of leakage current we could have a dynamic range of 126 MeV/30.4 KeV, that is
4144 12 bit.! Nevertheless in the case of AE measurement using the detector of Fig.1 in our
experiments the expected input dynamic will be not more than 20 MeV. then the true dynamic
range, in this case is about 20 MeV/ 30.4 KeV = 656 that means more than 9 bit.

In any case the experimental requirements for noise are largely satisfied.

In the same Fig.14 the measured values are compared with the calculated ones. The great
difference for E measurements, that is for small detector capacitances, was predicted in Sect.
4.1.

We have measured an intrinsic shaper noise of about 140 pV (8.86 KeV because of 15.8
mV/MeV of sengitivity). Referring to the shaper input (AV0 = 1.64) we have about 85 pV. If,
for instance, the output dynamics could be 10 V, instead of only 2 Volt, as in the case of the
ORTEC 542 shaper, with the same range 126 MeV/10 V 140 pV corresponds to only 1.77
KeV, instead of 8.86 KeV.

5.6 Crosstalk measurements
Crosstalk smulation between adjacent channels has given more than 120 dB. Applying a
100 MeV impulse 100 dB minimum is guaranted.

6 Conclusions

The main objectives of the OSCAR preamplifier have been achieved. Sensitivity, dynamic
range, noise, linearity and power dissipation satisfy the assigned conditions for the experiment
foreseen.

The most important characteristics of thisrealisation are the good performances compared
with low cost, dissipation and size that render this device appreciable in IEPE especialy when
the number of channelsisvery high.

From the final considerations of Sect.5.5 one must make a general consideration about the
choice of technology, the sengitivity and noise performances. Using a high voltage technology
for the shaper, one could achieve a higher sensitivity, and, of course, a better overal noise.
Thisis the main suggestion of thiswork!
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