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TEST BENCH FOR SILICON STRIP DETECTORS:
FRONT-END ELECTRONICS AND DAQ

T. Petruse"?*, G.L.Guardo™3, D.Lattuada'®4, D.Choudhury', C.Matei!,
D.L.Balabanski!?, A.Oberstedt!

The Extreme Light Infrastructure Silicon Strip Array (ELISSA), is

an experimental set-up currently under implementation at Extreme Light In-
frastructure - Nuclear Physics (ELI-NP). It will be used for detailed studies
of charged-particle fragments coming from key reactions in nuclear astro-
physics. The set-up will consist of 36 silicon strip position sensitive de-
tectors (PSD) assembled in a barrel-like configuration and 8 double sided
silicon strip detectors (DSSSD) as end-caps.
With over 500 channels of dedicated electronics for the ELISSA experimen-
tal station, a new detector test bench has been assembled and tested for
front-end electronics optimization. Using a double-sided silicon strip detec-
tor (DSSSD), various detector-electronics parameters were investigated and
compared with the factory specifications of the detector. The results of these
investigations - leakage currents, depletion voltage, energy resolution - are
detailed in this paper.

1. Introduction

The Extreme Light Infrastructure - Nuclear Physics (ELI-NP) facility
[1, 2] is currently under implementation in Magurele, Romania. The Variable
Energy Gamma (VEGA) System, will deliver «-ray beams with continuous
tunable gamma-ray energy over a broad energy range (from 1 to 20 MeV),
small relative energy bandwidth (lower than 0.5%), high degree of linear polar-
ization (higher than 95%), and high spectral density of 10* photons/(s-eV)|[3].
Due to the unique high spectral density and small energy bandwidth of the
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VEGA system at ELI-NP, users will have the possibility to perform accurate
photodisintegration reaction measurements of very low cross sections.

VEGA system implementation at ELI-NP will open the way for studies
of (v,p) and (7,«) photodissociation reactions which are essential for stellar
evolution modeling. In this type of reactions, the emitted light particles have
low energies, ranging from few hundreds keV to few MeV, which requires the
use of detectors capable of operating at low energy threshold. Moreover, the
angular distributions should be measured over a wide angular range, leading
to a better understanding of the reaction mechanism. For these type of mea-
surements, Extreme Light Infrastructure Silicon Strip Array (ELISSA) [4] was
proposed and it is currently under construction at ELI-NP. ELISSA will con-
sist of three rings of twelve X3 position-sensitive detectors (PSD) [5] produced
by Micron Semiconductor Ltd. [6], assembled in a barrel like configuration.
The angular coverage is extended down to about 20° (160° at backward angles)
by using end cap detectors such as the assembly of double sided silicon strip
detectors (DSSSD). The final design is shown in Figure 1.

Fig. 1. Drawing of the ELISSA silicon strip detection system.

This type of array has already been successfully applied for nuclear astro-
physics studies, e g. TTARA (Transfer and Inelastic All-angle Reaction Array),
SHARC (Silicon Highly-segmented Array for Reactions and Coulex) or AIDA
(Advanced Implantation Detector Array) [7, 8, 9].
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In a recent experiment [10] performed at High Intensity Gamma Source
(HIYS), tritons and « particles from the "Li(~y,>H)*He reaction were measured
in coincidence using the Silicon Detector Array (SIDAR). SIDAR is made of
12 YY1 segmented silicon detectors [11] of different thickness and its thresh-
old, energy and position resolution are comparable to ELISSA. The results of
the "Li(y,°H)*He experiment at HIyS demonstrate that silicon detectors can
be used successfully to measure cross sections although beam-induced back-
grounds can affect the selection of the events of interest.

The disagreement in lithium isotopes production during the Big-Bang
Nucleosynthesis (BBN) is one of the unresolved question in nuclear astro-
physics. There is good agreement between calculated and observed abundances
for all the light nuclei except for “Li [12]. An accurate measurement of the
"Li(v,3H)*He reaction cross section down to E.,, = 1 MeV is also proposed as
a day one experiment using ELISSA at ELI-NP. The results of the measure-
ments with SIDAR at HIyS and GEANT4 simulations of the ELISSA detector
array open the way for nuclear astrophysics experiments with the upcoming
~v-ray beam at the ELI-NP facility.

In this work, a full investigation of the front-end electronics and the
DAQ system of ELISSA was performed. An extensive list of parameters such
as: leakage currents, depletion voltage, energy resolution was measured. The
current work is motivated by the development of ELISSA detection array, as
well as its optimization with respect to other existing solutions. Measurements
were carried out on the Mirion [13] Model PF-16CT-16CD DSSSD to test the
front-end electronics and performance of the DAQ system and compare the
results with the data sheet of the detector.

2. Experimental set-up

The Mirion [13] Model PF-16CT-16CD DSSSD is a new detector design
that consists of 16 front strips and 16 back strips, each of width 3 mm, with
an interstrip distance of 0.1 mm. This provides 256 pixels of 9 mm? on the 25
cm? detector to encode x-y position of the particle hit. The thickness of the
detector is 500 um. PF-16CT-16CD DSSSD has a depletion thickness of 500
+ 25 um and a strip capacitance of 40 pF. It has a junction window thickness
smaller than 50 nm and an ohmic window thickness smaller than 1500 nm.
With such a thin entrance window, the energy threshold is around 70 keV for
protons and 300 keV for a-particles. The front and rear side design of the
PF-16CT-16CD DSSSD is shown in Figures 2a and 2b.

A large cubical vacuum chamber was used for measurements. Inside the
chamber, the detector and a standard two-peak open a-source, 24! Am - 23Pu,
were placed at a distance of 25 cm. The PF-16CT-16CD SIN 142770 detector
was attached to a holder fixed to a heavy aluminum plate. All tests were
carried out at a pressure between 5 x 107¢ mbar to 1 x 10~® mbar obtained
with a turbomolecular station, mounted below the vacuum chamber. Typical
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(A) Front sideof the DSSSD. (B) Rear sideof the DSSSD.

Figo; 2. The design of the PF-16CT-16CD DSSSD; it con-sists
2 independent strips: 16 on the front side and 16 on the rear

side.

energy spectra measured at the front and rear side of the PF-16CT-16CD
detector are shown in Figures 3a and 3b . The measured a-spectrum in one
strip is displayed with blue line. The red line represents the Gaussian fit of
the a-peaks in the spectra.
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(A) Front side of the DSSSD. (B) Rear side of the DSSSD.

Fig 3. Typical spectra measured at the front and rear side of the
PF-16CT-16CD DSSSD. The blue line presents the total number

of counts measured in one strip of the detector. The red lines
represent the Gaussian fit of the peaks in the spectra.

Each strip was calibrated in energy by using a third order polynomial
fitting procedure. The results of the fit are shown in Figure 4a for the front
side of the detector and in Figure 4b for the rear side. Figures 5a and 5b
represents typical energy spectra measured in one front and rear strip of the
PF-16CT-16CD detector after the calibration procedure was completed. There
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is a clear separation between the peaks on either the front or rear side of the
DSSSD. All the values represent full width at half maximum (FWHM) value

of the 5.486 MeV energy peak.
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Fig. 4. Fitting procedure of one front and rear strip of the

PF-16CT-16CD DSSSD.
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Fig. 5. Typical energy spectra measured at the front and rear side
of the PF-16CT-16CD DSSSD using a a standard 2*'!Am - 23Pu

a-source. The lower-energy multiplet (with energies of 5.105
MeV and 5.156 MeV) belongs to the ?*Pu and the higher-energy
triplet (with energies of 5.388 MeV, 5.433 MeV and 5.486 MeV)

belongs to the 24! Am.

3. Front-end electronics and data acquisition system

The signal coming from PF-16CT-16CD DSSSD is processed by an elec-
tronic chain consisting of two Mesytec MPR-16 preamplifiers, two Mesytec
MSCEF-16 shaping / timing filter amplifiers, an Ortec [14] GG8020 gate gener-
ator, Mesytec 32 channel Peak Sensing ADC MADC32 and a VME controller
SIS3153. The electronic chain used for the testing of PF-16CT-16CD DSSSD

is shown in Fig. 6.
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Fig 6. The design of the electronic chain used for testing the
PF-16CT-16CD DSSSD.

DSSSD

The MPR-16 is a state-of-the-art multichannel preamplifier module spe-
cially designed for single or double sided multi-strip silicon detectors [15]. In
this test two MPR-16 preamplifiers were used for the 16 front and 16 back
strips of a single DSSSD. The bias was given on the front side of the detec-
tor, through the MPR~16 preamplifier module. Although this module is suited
for usage in vacuum, the module was used in air during the testing described
in this manuscript. Using the MPR-16 preamplifier module in vacuum could
in principle lower the electronic noise level. First, the chamber itself is act-
ing like a Faraday cage, shielding the preamplifier of any external sources of
noise. Another reason for achieving a lower noise level is through the shorter
length of the cables as the detectors could be placed closer to the preampli-
fier. The MPR-16 modules were combined with two MSCF-16, shaping/timing
filter amplifiers with constant fraction discriminator and multiplicity trigger
and provides active baseline restorers [15]. These modules are well suited for
multi-strip silicon detectors. The gain, threshold and different parameters were
adjusted commonly in all of the strips of the DSSSD.

For acquiring the data, "mvme” VME DAQ software package was used.
This is a VME DAQ by Mesytec, aimed at nuclear physics experiments. The
data acquisition system it is easy to use and has basic data visualization and
analysis capabilities. It allows parameter extraction, calibration, accumulation
and visualization of data both during a DAQ run and while replaying from file.
Additionally, a set of built-in operators can be used to perform calculations
and transformations on the data as it flows through the system [15].

4. Results and discussion

The detector manufacturer provided the technical specifications which
included information on the depletion voltage, bias voltage, leakage currents
at 20 °C temperature, and energy resolution of the detector. The goal of the
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test presented in this section is to investigate the performance of a test bench
for silicon strip detectors, based on the Mesytec read-out chain and compare
the results with the data sheet of the detector. The bias voltage, pole zero and
shaping time were changed during the tests. This specific detector was chosen
due to its large number of channels, therefore a large number of associated
electronic channels.

The full depletion voltage was investigated by changing the applied volt-
age on the detector, from 70 V to 140 V, with a step of 10 V. Applying the
bias on the front side of the detector, at low bias voltages, the rear side of the
DSSSD is not fully depleted. In this situation, the rear side energy resolution
is a factor of 8 worse than the front side energy resolution. In Figure 7 the
energy resolution for the front side of the detector (with black) and the rear
side of the detector (with red) are shown. The rear side is not fully depleted
below 120 V.
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Fig. 7. Different energy resolution of the front side of the detector
(with black) and the rear side of the detector (with red) based on

the bias voltage.

Applying larger bias voltages on the detector, the depleted area is grow-
ing. When full depletion is achieved, the resolution is no longer influenced by
the depletion area, but only by the growing leakage current. Full depletion
of the DSSSD is reached at 120 V (as shown in Figure 8), which is also the
recommended bias voltage by the manufacturer. For this reason, throughout
the testing, the bias voltage was chosen to be 120 V.

The leakage current was monitored continuously during the measure-
ments. During the testing, the leakage current was measured as a sum of all
16 strips of one side of the detector. Our measurements showed leakage cur-
rents of 24 + 1 nA at 24° C. The manufacturer indicated leakage currents of 6.1
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Fig. 8. Different energy resolution of the front side of the detector
(with black) and the rear side of the detector (with red) based on

the bias voltage.

4 2.7 nA at 20° C for each independent strip of the detector. The dependence
of the leakage current on the bias voltage is shown in Figure 9.
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Fig. 9. Leakage current at different bias values.

The MSCF-16 shaping / timing filter amplifier is a complex module which
has baseline restorers built in and it can reduce the baseline shift. When
pole zero is properly adjusted, the residual baseline shift will only give a very
small contribution to the energy resolution. By adjusting the pole zero, the
energy resolution is improved by a factor of 1.4. The dependence of the energy
resolution on pole zero on both front and rear side of the DSSSD is shown in
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Figure 10. The best energy resolution is obtained with a value of the pole zero
of 100 pus.
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Fig. 10. The dependence of the energy resolution of the
front side of the detector (with black) and the rear side of the

detector (with red) on pole zero.

The dependence of the energy resolution on shaping time on both front
and rear side of the DSSSD is shown in Figure 11. Changing the shaping time,
the energy resolution is improved by a factor of 2.3. The best energy resolution
is obtain with a value of the shaping time of 1 us, which is also the value of
the shaping time recommended by the manufacturer.

The most important characteristic of a detector is the energy resolution,
reflecting its ability to separate two adjacent peaks, which allows the identifica-
tion of various decays of radionuclides in the spectrum. The energy resolution
obtained in all the front strips of PF-16CT-16CD detector, is in the range of 19
+ 1 keV, with a mean value of 19.2 keV. The rear side of the detector showed
an energy resolution in the range of 20.5 + 1 keV, with a mean value of 20.4
keV. Moreover, in Figures 12a and 12b it is shown that there is a difference of
approximately 1 keV in resolution between the front and the rear side of the
DSSSDs. These values are slightly better than the energy resolution reported
by the manufacturer, which is 24.5 £+ 3.5 keV. The slight difference in the
mean energy resolution obtained during this testing and the energy resolution
given by the manufacturer might come from the small leakage current reached
during the testing.
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Fig. 11. Dependence of the energy resolution of the front side
of the detector (with black) and the rear side of the detector

(with red) on shaping time.
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Fig. 12. The dependence of the energy resolution of the
front side of the detector (with black) and the rear side of the

detector (with red) on the strip number. The straight line rep-
resents the mean value of the energy resolution on the front side
(with black) and the rear side (with red) of the detector.

5. Conclusions

A new silicon strip detector test bench including front-end electronics and
DAQ was implemented at ELI-NP. Mirion DSSSD model PF-16CT-16CD was
tested for the first time outside the laboratories of the producer. Measurement
of the energy resolution on the front and rear side showed excellent results,
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with a energy resolution below 22 keV on both sides. These values are slightly
better than the energy resolution reported by the manufacturer, which is 24.5
=+ 3.5 keV. The slight difference in the mean energy resolution obtained during
this testing and the energy resolution given by the manufacturer might come
from the smaller leakage current reached during this testing. The leakage
current was around 25 nA. The read-out chain consisted of two Mesytec MPR-
16 preamplifiers, two Mesytec MSCF-16 is a shaping/timing filter amplifiers,
a GG8020 gate generator, Mesytec 32 channel Peak Sensing ADC MADC32
and an USB VME controller SIS3153. The "mvme” DAQ provides an easy
to use data acquisition system with data visualization, allowing on-line and
of-line basic analysis of the data.
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