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Abstract

An application of digital sampling techniques is presented which can greatly simplify
experiments involving sub–nanosecond time-mark determinations and energy measure-
ments with nuclear detectors, used for Pulse Shape Analysis and Time of Flight measure-
ments in heavy ion experiments. In this work a 100 MSample/s, 12 bit analog to digital
converter has been used: examples of this technique applied to Silicon and CsI(Tl) detec-
tors in heavy-ions experiments involving particle identification via Pulse Shape analysis
and Time of Flight measurements are presented. The system is suited for applications
to large detector arrays and to different kinds of detectors.
Some preliminary results regarding the simulation of current signals in Silicon detectors
are also discussed.

1. INTRODUCTION

The use of fast digitizing systems for identifi-
cation of charged particles using various kind of
detectors is discussed. Modern electronic sam-
pling techniques (for example pipelining) have
made it possible to design commercial high res-
olution (&10 bit) fast sampling analog to digi-
tal converters (ADC) which permit to retain the
high precision of the standard analog methods
(for instance for the energy measurement), while
the detailed information achievable with signal
sampling can be used in newly designed pulse
shape discrimination applications: an example
of these applications has been reported in [1–3].

This presentation is organized as follows: in
the next section a brief description of the sam-
pling system used in our experimental tests is
given. In section 3 the algorithms used for high
resolution energy measurements are presented,
and experimental results obtained with stan-
dard Si-CsI ∆E–E telescopes and CsI scintil-
lators are discussed. In section 4 some exper-

imental results regarding high resolution tim-
ing measurements with digital sampling systems
will be shown, and results of digital PSA in a re-
verse mount Silicon detector will be presented.
Section 5 will present the results obtained us-
ing a “Single Chip Telescope” detector coupled
to such a sampling system. In Section 6 some
preliminary results regarding the simulation of
current signals in Silicon detectors are also dis-
cussed.

2. THE DIGITIZER

The digitizer already described in ref.[1] has
been used: the system is provided with 4 in-
dependent input channels, each sampled by a
fast Analog to Digital Converter (ADC, AD9432
from Analog Devices) with a resolution of 12 bit
and 100 MSample/s. Specific measurements
have determined the effective number of bits as
ENOB = 10.8. The analog input stage of each
channel is a 3-poles active Bessel filter, that op-
erates as antialiasing filter while minimizing sig-



Figure 1. ∆E–E correlations obtained with a standard Si-CsI telescope and digital sampling
techniques (see text). Both energy ranges have been obtained using only one converter for the
Silicon detector.

nal distortion. The sampled data is stored on a
temporary memory (FIFO) and then transferred
to the acquisition system through the VME bus
for off-line analysis. As discussed in [1] and in
the following, all the proposed algorithms are
simple and fast enough to be used for on-line
analysis with Digital Signal Processors (DSPs).
A new modular system has been developed: it
is provided with 8 channels per module, each
of them using a Digital Signal Processor (DSP
ADSP2189N) for on-line analysis of digitized
data. This system will allow to apply the digital
methods discussed in this paper and in [1,2] to
large number of detectors: ∼ 200 channels are
in preparation for the 2004 Nuclex campaign at
the Laboratori Nazionali di Legnaro of INFN
(Padova, Italy).

3. ENERGY MEASUREMENTS

The use of a high resolution (12 bit) fast sam-
pling analog to digital converter makes it possi-
ble to perform high resolution energy measure-
ments with an intrinsic resolution that well com-
pares with standard analog equipment: for ex-
ample it is possible to apply to the collected

samples a Digital Filter (see for example [4,5])
in order to extract the relevant amplitude infor-
mation and to achieve an optimal signal to noise
ratio.

In order to check these assumptions we have
performed an experimental test at the Labo-
ratori Nazionali di Legnaro of INFN (Padova,
Italy) using the 16O+116Sn reaction at a beam
energy of 250 MeV. A first test has been per-
formed on a usual detector configuration: a
standard Si-CsI ∆E–E telescope of the Garfield
apparatus [6]. The Silicon detector was 300 µm
thick, and the CsI scintillator fluorescence was
read using a light guide and a photodiode. The
outputs of the two charge preamplifiers con-
nected to the detectors were directly fed into
two channels of the digitizer system. On both
signals, a digital semigaussian-like shaping has
been performed, and the results reported in
Fig. 1. The system achieves full isotopic res-
olution up to the used projectile in the whole
dynamic range.

Signals coming from the CsI scintillator have
been also processed with a different algorithm
in order to study the pulse shape capabilities of
the system with CsI scintillator: each signal has
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Figure 2. Pulse shape in a CsI scintillator with photodiode readout obtained using a single sampling
system. Data have been processed using two different digital shaping time constants.

been digitally shaped with a semigaussian-like
filter (τfast ' 700 ns, τslow ' 2 µs). The results
are reported in Fig. 2: the isotopic resolution
achieved for Z . 3 is apparent.

These test are a clear indication of how a high
resolution sampling system can be effectively
used as a replacement of the standard analog
techniques for energy measurements and PSA:
the digital resolution and identification perfor-
mances well compare with the ones of analog
systems, with the advantage of significant re-
duction of costs and system complexity.

4. TIMING MEASUREMENTS

A very common PSA technique for particle
identification is the study of signal risetime (or
similar quantities) as a function of particle en-
ergy and type: thus an investigation of the tim-
ing properties of sampling systems is required to
understand whether these methods can be used
for this kind of applications.

In [2] a full discussion of this topic is reported
as well as a characterization of the properties

of digital sampling systems that allows to per-
form high resolution timing measurements (for
example 100 ps FWHM timing resolution with a
100 MSample/s, 12 bit digitizer). Sampling sys-
tem are usually controlled by a sampling clock
(for example a quartz oscillator) that is charac-
terized by a very good stability over time and
temperature: in our case errors are in the 1-
10 ps range. Thus, as long as the signal risetime
is not too fast with respect to sampling period
(see Fig.4 of [2]), the timing resolution achiev-
able is determined by the Effective Number of
Bits (ENOB) of the converter and the overall elec-
tronic noise. It is possible to interpolate be-
tween the acquired samples (cubic interpolation
is far superior than linear one, see [2]), and then
reach a digital timing resolution much smaller
than the sampling period of the system [2].

As an example of this application, we have
performed a Digital Pulse Shape Analysis on a
reverse mount Silicon detector (for details see
[2]): the results are reported in Fig. 3. The Am-
plitude vs. Digital Zero Crossing time correla-
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Figure 3. Identification plot for a reverse mount Silicon detector obtained using digital sampling
techniques: charge identification is apparent. In the inset: detail of the isotope separation of
Carbon and Nitrogen.

tion allows the identification of particles stopped
in Silicon with full charge resolution (partially
for mass): the sub-nanosecond resolution at-
tainable with this digital sampling system is ev-
ident.

5. THE SINGLE CHIP TELESCOPE

In the previous sections the main charac-
teristics of high resolution energy and timing
measurements using digital sampling techniques
have been discussed and their performances ex-
perimentally tested using common detector con-
figurations. It has to be noted that the flexibil-
ity of digital sampling techniques allows also for
a simple and compact implementation of new
detectors types: for example we have tested the
performances of a Single Chip Telescope (SCT,
[7]) coupled to such a digital sampling system.
With respect to the standard analog implemen-
tation described in [7], the digital one provides
an important reduction of the required electron-
ics, making the SCT an attractive device for
high granularity experiments.

For particles stopped in the Silicon detector
the same analysis described in the previous sec-
tion can be applied: identification of particle
can be achieved using Pulse Shape Analysis of
Silicon signals. Particles punching through the
Silicon detector can be identified using a stan-
dard Fast vs Slow identification method (the
same method used in [7] with analog electron-
ics): the results obtained using digital shaping
are presented in Fig. 4. The achieved identi-
fication results of this very first digitized SCT
prototype are indeed encouraging: further work
is in progress to improve the isotopic resolution
of the system.

6. SIMULATION OF SILICON
CURRENT SIGNALS

As described in the previous sections, the un-
derstanding of the shape of signals coming from
a reverse mount silicon detector plays a major
role in exploiting the identification capabilities
of such an experimental arrangement. The main
physical process that leads to a dependence of
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Figure 4. ∆E–E-like correlation obtained using a Single Chip Telescope coupled to one digital
sampling channel: both energy ranges have been obtained using only one converter.

pulse shapes from the type of the impinging par-
ticle is the charge collection inside the active vol-
ume of the detector: the charge density of the
initial ionization track can be so high to alter the
characteristics of the (macroscopic) electric field
present in that volume. In the literature, many
experimental and theoretical works are present
(see for example [8] and references therein) re-
garding these “plasma” effects.

To better understand these properties, a sim-
ulation of silicon current signals has been imple-
mented: instead of using semi-empirical models
for the plasma evolution and erosion as a func-
tion of time, a simple numerical simulation has
been written, taking into account the “exact”
classical Coulomb interaction between electrons
and holes. For each carrier k (electron or hole),

the electric field ~Etotal acting on it at time t is
computed simply as:

~E
k

total = ~E
k

macro +
N∑
i=0

qi
∆r2

ki

r̂ki (1)

(plus boundary conditions) where ~Emacro is the
macroscopic field generated by the applied bias
to the detector, qi is the charge of the i carrier,
~rki is the distance between the i and k carriers,

Figure 5. First results of silicon current signals
simulation (symbols) as compared with experi-
mental data (histogram): • symbols refer to a
full simulation of 16O and 12C signals, whereas
F symbols refer to simulation of 12C signals
without electrostatic interaction between charge
carriers.

N is the total number of carriers produced by
the primary ionization.

The computation time of Eq. 1 is of order
O(N2) and thus a direct computation of Eq. 1
is not possible: some numerical methods have



thus been used to speed up the computation:

Carrier clustering At t = 0 carriers are clus-
tered into charge clusters of total charge
equal to Q. The total number of clusters
is thus Nclusters = N/Q. In the following
time integration steps only the Coulomb
interaction between these clusters is com-
puted.

Field computation The inter-carriers field is
not computed using the direct Coulomb
expression, but using approximate numer-
ical methods (like Particle-Mesh-Particle
or Fast Multipole Method, see [9,10]).
These methods allows to reduce the com-
putation time up to O(Nclusters). The
computation is done in the real tridimen-
tional space.

Charge collection At each time integration
step the drift velocity of each carrier is ex-
tracted from velocity – electric field tables
[11], and the carrier is moved with a con-
stant drift velocity.

Current pulse The resulting current is ex-
tracted according to the Ramo’s theorem
[12,13].

It has to be noted that this computation has no
adjustable free parameters.

The very first results of such a simulation are
presented in Fig. 5: simulated particles (16O
and 12C, • symbols) are compared with the ex-
perimentally obtained results (as described in
the previous sections). The simulation has been
run using the physical characteristics (Bias volt-
age, dimensions) of the detector used in the ex-
perimental test. The agreement between the
simulation and the experiment is satisfactory.
For completeness in Fig. 5 the F symbols re-
fer to simulation of 12C signals without electro-
static interaction between charge carriers: the
behaviour of these points is very different from
the experimentally observed one.

It is possible to see how this simple simulation
(where at the moment carriers-lattice interac-
tions as well as diffusion and recombination pro-
cesses are negleted) is indeed able to reproduce

the main experimental features of experimental
data without using any model parameter, giving
some insight in the plasma phenomenon: the
electrostatic interaction between charge carriers
of the initial ionization column can be stronger
than the externally applied electric field, thus
affecting the charge collection time and the re-
sulting pulse shape.

The proposed simulation is still in the devel-
opment phase: final results will be published in
a future paper.
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