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Abstract 
 

We report on the evaluation of the Padova MD2S sampling system in view of its use in the 

frame of the GERDA experiment. A general description of the system, several quality test 

and measurements are presented. 

The aim of the report is to verify the ability of the system to collect the signals produced by 

the GERDA Germanium detectors. The tests are oriented toward the demonstration of the 

quality of the system as far as both energy resolution and event localization are 

concerned. For this purpose we have conducted a series of tests using germanium 

detectors both in Padova and at LNGS. In Padova a small size X-ray Germanium detector 

was used while at LNGS we used two of the Moscow-Hiedelberg detectors, 'ang3' and 

'ang5'. Some hints about the signal rise time information are also mentioned. 

 

Introduction 
 

The MD2S system [1] and the associated DAQ system [2] have been developed in the 

framework of the AGATA project as a test bench for the encapsulated 25-fold segmented 

MARS detector and the first 36-fold segmented AGATA-type HPGe detectors. The system 

consists of both a hardware part and a software package able to handle the data 

collection and manipulation. The data sampling system was constructed at INFN Padova 

based on commercially available FADC evaluation boards provided by Analog Devices. 

Our group has gained important experience in working with such systems and has 

complete control on the electronics and data manipulation at hardware level.  

 

Description of the data sampling system 
 

The sampling system is based on two modules that work together. There is a NIM module 

holding the Fast ADC (FADC) and the analog signal conditioning boards, and a PCI board 

on which the FPGA (Field Programmable Gate Array) is mounted.  



 

Figure 1: Block diagram of the MD2S data sampling system. 

 

The sampled data are transmitted between the two modules via a low-noise high-speed 

LVDS cable. The NIM solution was chosen for the mounting of the FADC as it ensures a 

low electrical noise environment. Each pair of modules NIM-PCI handles four analog input 

channels. The MIM modules are two units wide and each of them holds four AD9432 

FADCs mounted on Evaluation boards provided by Analog Devices. A block diagram of 

the system is shown in Figure. 1.  

The NIM modules accept SE (single ended) analog input signals in the range 0–1 V. The 

analog input signals are passed to a conditioning board that has as main functions: the 

suppression of all frequencies higher than 30 Mhz to avoid aliasing effects on the sampled 

signals, the adjustment of the signal's offset and gain. The offset can be adjusted 

continuously through a screw driven potentiometer but the gain is fixed and can be 

modified only by changing the board. The AD9432 FADC have 12 bit and can operate at 

sampling rates up to 105 Msps. The main characteristics of these FADC's are listed in 

Table 1. During the evaluation procedure it was noticed that at sampling frequencies 

above 70 Msps the FADC's miss codes and consequently, we chose a working sampling 

rate of 64 Mhz provided by an external clock. A DAC (Digital-to-Analog) inspection point is 

available on the front panel for the monitoring of the converted signals, offset and gain 

adjustments. 



The sampled data are serialized and passed to the GIII PCI boards through LVDS cables 

that allow transmission of the data to long distances. The PCI boards are mounted in a 

standard PC; they operate at 32 bit/33 MHz allowing for a maximum transfer rate of 132 

Mbytes/sec. 

The FPGA are of the type ALTERA APEX 20K200EFC484 having 200 kGates. The 

transmission of the sampled data from the FADC and their read-out in the FPGA is done 

pairwise i.e., the channels are coupled in pairs. The sampling of the data is done 

continuously and samples are stored in a circular buffer with a length of 8 Kbytes for a pair 

of input channels corresponding to a number of 2048 samples/channel.  

Table 1: Main features of the AD9432 Fast ADC as specified by the vendor. 

Resolution  12 bit  

Differential nonlinearity ± 0.5 LSB  

Integral nonlinearity ± 1.0 LSB  

Input Voltage Range ± 1.0 V       

Latency 10 cycles    

Signal-to-Noise Ratio (SNR) 67.5 dB 

67.2 dB 

@ 10 MHz 

@ 40 MHz 

Effective Number of Bits * 11.0 

10.9 

@ 10 MHz 

@ 40 MHz 

Maximum Conversion Rate 105 Msps  

Power Dissipation ~ 850 mW @ 105 Msps 

Operating Temperature -55oC to 125oC  

 

The read-out of the data is done when a trigger is generated. The trigger is built externally 

with analog signals and standard NIM electronics and distributed to the PCI boards. When 

the trigger signal is received the content of the circular buffer is frozen, an interrupt is 

generated in the PC asking for the the data readout and a busy signal is generated at the 

level of the PCI card. The busy signal is cleared out when the reading of the data was 

finished. A distribution box ensures that the trigger arrives simultaneously to all the PCI 

boards and that the busy signals from all the PCI boards can be OR-ed to block the trigger 

until the last board is readout.  

 

 

 



Status of the system 
 

The total number of sampling channels available is 28 corresponding to 7 pairs of NIM-

PCI modules. Up to 6 PCI boards can be mounted in a single PC. For more than 6 boards, 

one has to use PCI Extenders that are commercially available with up to 13 slots or to 

distribute the boards in more PC. 

All the PCI boards are working properly. Of the 7 NIM modules, at the moment, we have 4 

fully operational with good characteristics, one with 3 channels properly working and 2 

other modules are under test in the electronics laboratory of INFN Padova.  

 
Description of the Data Acquisition Control and Data Analysis Software 
 

The read-out of the data from the PCI boards is handled by a driver developed for Linux 

operating systems with kernel versions 2.4. In practice, the driver responds at each 

interrupt reading the data from the PCI board and passing them to a user program that 

saves the data on hard disk.  

For the loading of the driver in the kernel, setting up of the actual acquisition configuration, 

data handling and presets for the acquisition run a Graphical User Interface was 

developed under Qt programming environment. 

 

The data analysis program (written in Java) allows presentation of both waves and 

histograms and their manipulation. Sampled waves can be read event by event and drawn 

as vectors, filtered-out and elaborated in order to extract useful quantities. The values 

obtained can be plotted as histograms. More specifically Jordanov filtering and/or MWD 

procedures [3-6] can be applied to waves in order to extract and histogram the gamma 

energy information and/or other related parameters. For spectra the classical energy and 

time calibration, the extraction of areas by integration and fitting and many more functions 

are available like in any standard spectrum analysis packages. Other simple operations 

like recalibration, summing, normalization etc. are also available. The present set of 

available functions is listed in Table 2. Other features like event-by-event coincidence or 

anti-coincidence validation or Single/Multiple Site recognition can be easily added.  

 

 

 

 



Table 2: List of functions implemented in the data analysis program package. 

MWD both with rectangular or trapezoidal averaging 

Signal Offset 

Signal exponential decaying constant 

Y projection of the signal 

Histogramming procedures 

 

Coincidence generator 

Exponential plus constant Fit procedures working on spectra 

and wave vectors 

 
Polynomial fit (3-th order) (Background) 

Symmetric Gaussian plus parabolic background Fit procedures working only on 

spectra 

 
Asymmetric Gaussian plus step background 

Addition of a random number 

Addition of a constant 

Multiplication by a constant 

Sum of two vectors after shifting 

Multiplication of two vectors after shifting 

Ratio of two vectors after shifting 

Raise each channel content to a power 

Operations working on spectra 

and wave vectors 

 

Smoothing by averaging 

Rectangular Averaging 

Trapezoidal averaging 

Sum on a interval 

Baseline Restorer 

Moving Window deconvolution with rectangular averaging 

Moving Window deconvolution with treapezoidal averaging 

Constant Fraction filtering 

Leading Edge trigger 

RC and CR filtering 

First difference 

Second difference 

Gaussian first order differentiation 

Gaussian second order differentiation 

Operations working only on wave 

vectors 

 

Fast Fourier Transform 

 



The implementation of 2-dimensional matrices increment and display is under way. The 

coincidence generator can be used as veto function and the software can be easily 

adapted to include also slow control signals. 

 
Padova Laboratory tests 
 

The sampling system was tested with an ORTEC X-ray Ge detector and standard 

radioactive sources of 241Am and 152Eu.  We used a small-sized Ge detector as it is 

characterized by low electronic noise. The limitation of using a complete spectroscopic 

chain for the tests is that the results characterize the system as a whole and they will 

establish only upper limits for the values corresponding to the FADC contribution. The 

offset of the input analog signals was set at about 100 mV so that we acquired signals in 

the range 0–900 mV. The trigger was produced externally such that signals with amplitude 

higher than 5 mV were accepted by the system. Figure 2 shows a typical gamma-ray 

spectrum (lower panel) acquired with the digital sampling system and the measured 

FWHM of the gamma-ray lines (upper panel). 

 

Figure 2: Gamma-ray spectrum measured with the digital sampling acquisition system (lower panel). 
Gamma rays were provided by standard calibration sources of 152Eu and 241Am. Measured 
FWHM of the strongest gamma-ray lines (upper panel). The dashed line represents the fit with a 
function y = sqrt(a0 + a1 * x) where a0 = 0.17 and a1 = 0.002. 

 
 



1. Thermal Stability Tests 

Figure 3: Thermal stability of the system as extracted from the position shift of the 343.4 keV gamma-ray 
line of the 152Eu source monitored for 138 hours. 

 

For the stability measurement the trigger was produced by a Single Channel Analyzer set 

to select a gamma-ray energy window around the 343.4 keV gamma-ray line of 152Eu. No 

particular care was taken for the stabilization of the room temperature nor for the 

temperature of the NIM bins. The results are reported for one of the digital sampling 

channels. Figure 3 shows the variation of the gamma peak position as a function of time. 

The first 24 hours after turning on the system correspond to the thermal equilibration of 

the whole measuring chain. A discontinuity is evident after 18 hours corresponding to the 

turning on of the air conditioning system. The variations of the peak position are related 

with the modifications of the environment temperature. For instance, the large variation 

between 70 and 100 hours correspond to the weekend when the air conditioning was 

turned off and a variation of 3o Celsius in the room temperature was registered.  

 



2. Resolution Tests 

 
Figure 4: Gamma-ray energy resolution measured at the 59.537 keV gamma-ray line of 241Am for all the 

conversion channels available at present. Channel #12, marked with a star on the plot has a 
very poor energy resolution. The NIM modules #002 and #003 are still under tests in the 
electronics laboratory. 

 

Characterization of the ADC boards as concerns the energy resolution was performed 

with the standard gamma ray sources 152Eu and 241Am. They provide gamma rays of 

energies from 26.345 keV (241Am) to 778.904 keV (152Eu) covering almost 90% of the 

accepted range off the FADC. We verified that all the channels have a smooth behavior of 

the energy resolution over the whole energy range. In Figure 4 we plotted the energy 

resolution of the 59.537 keV gamma-ray as a measure of the performance of the 

conversion channels. The mean value of the measured energy resolution for all the 

channels is about 0.55 keV. There is only one channel (#12) that has poor resolution but 

which can be used for the conversion of logical signals from the slow control system. 

 

 

 

 

 



3. Linearity Tests 

 

An evaluation of the integral non-linearity was performed by evaluating the differences 

between the positions of the gamma-ray peaks obtained from a linear calibration of the 

spectra and the actual value of the gamma-ray energy. The gamma ray sources used for 

this measurement were 152Eu, 241Am and a uranium ore that provided many gamma-ray 

lines belonging to the decay of the 226Ra. In this way we could evaluate the integral non-

linearity over more than 85% of the accepted range of the conversion channels. Figure 5 

shows these differences in terms of LSB.  

 
Figure 4: Integral non-linearity in terms of LSB evaluated from the difference between the energy of the 

gamma rays and the values extracted from the spectra calibrated linearly. In the particular case 

presented in the figure the coefficients of the calibration were a0=0.306 keV and a1=0.057523 

keV/ch. 

 

The measured integral non-linearity is within ±0.5 LSB. 

 

 

 



4. Cross Talk Tests 

 

Cross talk between the channels mounted on the NIM module was estimated using a 

pulser module. A 950 mV height signal was applied to the input of one of the channels and 

we registered the output of all the channels of the module. The trigger frequency was 

about 1.0 kHz. A mean value estimate over 400000 events shows that the level of the 

signals induced in the channels without input signal is at the level of about 10-4 (cca 90 

dB). 

 

Experimental setup at LNGS 

 

Figure 5: Gamma-ray spectra measured with the MD2S sampling acquisition system for the detectors 
‘ang3’ (lower panel) and ‘ang5’ (upper panel). The values of the main parameters in the 
reconstruction of the gamma energy spectra are given in the boxes. 

 

For testing the operation of the acquisition system at the LNGS with the enriched Ge 

detectors of the Heidelberg–Moscow collaboration we installed at the site of the LUNA 1 

the MD2S system. We performed data acquisition using 133Ba and 60Co standard sources 

with two of the detectors, namely ‘ang3’ and ‘ang5’. Both detectors, when measured with a 

classical analog spectroscopic chain at 6 µs shaping time and an Ortec MCA resulted in 

  356.0 [133Ba] 
FWHM=2.20 keV 

  1173.2 [60Co] 
FWHM=2.56 keV 

  1332.5 [60Co] 
FWHM=2.61 keV 

  1332.5 [60Co] 
FWHM=2.82 keV 

MWD =18.3 µs 
AVG   = 6.0 µs 

τdecay = 51 µs  

MWD =16.9 µs 
AVG   = 4.2 µs 

τdecay = 50 µs  



an energy resolution of about 3 keV for the 60Co gamma line at 1332.5 keV due to the 

intrinsic noise of the detectors and the large shifts in the baseline of the signals. 

We acquired sampled data from these detectors and we analyzed them with the software 

package we developed. The external trigger was set such a way that gamma-ray energies 

below 100 keV were cut-out. We could optimize the data analysis to be less sensitive to 

the baseline shifts and with practically the same equivalent shaping time we obtained 

resolutions of 2.61 keV and 2.82 keV for the detectors ‘ang5’ and ‘ang3’, respectively. The 

final energy spectra obtained from our analysis program are shown in Figure 5. 

 

Response function 

 Direct measurement of the ang3 preamplifier response function gives quantitative 

equivalence with a Gaussian of 60 nsec sigma. The response function measurements 

should be repeated using the final preamplifiers, nevertheless 60 nsec appears a 

reasonable value to be use in localization algorithms. In Figure 6 and 7 SSE and MSE 

events with single and double differentiation are presented demonstrating that 

discrimination between single and multiple site events is possible even with such a slow 

preamplifier. 

 
Figure 6: Example of Single Site Event (SSE) identification 



 

 
Figure 7: Example of Multiple Site Event (MSE) identification. 

 

 

Conclusions 
 Although the test activity is not yet finished, we can conclude that the resolution 

performances of the System are appropriate for the use in the Gerda Experiment. The 

energy resolution, the integral linearity and long term stability are all under control and well 

below any foreseen critical limit. Concerning the localization performances, we need to 

repeat the series of measurements once a final preamplifier will be mounted and tested. 

The localization performances are strongly dependent on the response function of the 

front-end electronics. If the response function of the final circuit will be compatible with the 

one already measured in LNGS (60 nsec Gaussian sigma), the sampling frequency (64 

Mhz) of the Padova ADC appears to be adequate. 

 As we have shown the Pd system is ready to use, well dressed in software and 

could be tailored to the GERDA specifications if the collaboration will decide to adopt it. 
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