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The SAMPLER MnM (Measurement numerical Module) is a module designed for experimenters who want to 

imagine their own signal processing. It provides electronic signal frames with a maximum duration of 1428 ns, 

sampling the signal every 2 ns. 
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I  Theory of operation 

The MnM SAMPLER provides άƻǎŎƛƭƭƻǎŎƻǇŜ" frames of the electronic pulses detected by the MnM Trigger 

module of the MnM. For a better detection of these pulses, the raw signal can be filtered, its baseline reset. The 

experimenter then has the choice between acquiring the raw signal from the digitization of the signals by the 

CARAS daughter board, or the filtered signal used to detect the pulse. 

There are two modes of operation, as shown on Figure 1:  

- either the user acquires the samples on a fixed gate around the pulse, 

- or on an automatic gate that adapts to the time width of the pulse, increased by a fixed gate before 

and after it. Nevertheless the gate cannot exceed 1428 ns. 

 
Figure 1: Example of automatic gate mode and fixed gate mode 

As fixed gate can add dead time, three data output modules work in parallel. This reduces the loss of detected 

pulses, as shown in the Figure 2 below. If the first output is busy, in turn the second output is able to send a 

frame, then the third. There is a risk of data loss, if all 3 outputs are busy at the same time. 
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Figure 2: Three data output module work in parallel. 

A SAMPLER frame always has an even number of samples. The time step between 2 samples is 2 ns. 
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II  Preamble 

II.A  FASTER launching  

To take benefit of the SAMPLER MnM of the FASTER acquisition, the experimenter can build his experiment 

interface with the command faster_setup_gui . 

The interface, shown on Figure 3, is launched. To use the FASTER SAMPLER MnM, the experimenter must 

select the άSAMPLERέ ǘȅǇŜ, by right-clicking on the daughterboard line. 

 
Figure 3: ŜȄǇŜǊƛƳŜƴǘ ōǳƛƭŘƛƴƎ ǿƛǘƘ άfaster_setup_guiέΦ 

Before exiting the application form, the user can choose the names of the experiment, of the daughterboard 

and of each ŎƘŀƴƴŜƭ ƻŦ ǘƘŜ άŘŀǳƎƘǘŜǊōƻŀǊŘέΦ 

With the command line faster_gui , the experimenter accesses to the FASTER acquisition display, shown 

on Figure 4. 
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Figure 4: faster_gui interface. 

 .ȅ ŎƭƛŎƪƛƴƎ ƻƴ ά/ƘŀƴƴŜƭǎέ όŎŦΦ Figure 4), the MnM interface is displayed, allowing the user to adjust the 

different module parameters (Figure 5). 

 
Figure 5: SAMPLER interface 
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II.B  RHB launching  

To take benefit of RHB displays, the experimenter shall execute the command 

faster_rhb_demo_ sampler _copy  in the working directory, in order to have an example of RHB files adapted 

to the FASTER SAMPLER MnM. 

A new repertory SAMPLER_RHB_Demo is created. The user shall go in the Discri repertory contained in the 

repertory SAMPLER_RHB_Demo, before launching RHB interface. 

cd SAMPLER_RHB_Demo 

cd Discri  

RHB - r  

III  Description of FASTER SAMPLER MnM 

The interface includes several tuning modules, synthetically described in Table 1 and Figure 6. Each module 

has some parameters that are adjustable by the user to achieve the best performance. 

module Border color Purpose 

Input module white 
It defines the dynamic range, the polarity of the input signal, 
and provides filters to clean it. 

Trigger module orange 
It timestamps the particle arrival time and wakes up the other 
modules except BLR module. 

SAMPLER module green 
It allows the user to define the characteristics of SAMPLER 
output frame (gate, Y-scale). 

Oscilloscope module yellow It allows the user to visualize several module signals 

Data output module no color It allows the user to choose output data (label, rate) 
Table 1: Description of the SAMPLER MnM 
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Figure 6: Diagram of FASTER SAMPLER MnM. The border colour of each box is as the one of the MnM 

interface. 

The following chapters describe these different modules and explain how to select all the FASTER 

SAMPLER MnM parameters to acquire the best sample data. We recommend to use RHB facilities to display data. 

The signal shapes are observable thanks to the Oscilloscope module. This one is therefore the first to be 

described. 

III.A  The Oscilloscope module  

The signal, which is displayed by the oscilloscope module, is defined by parameter ¡ (Figure 7). Each  on 

Figure 6 indicates the location of an Oscilloscope module input. The use case of this signal is described in Table 

2. 
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Input signal Use case 

raw signal To adjust Raw signal module parameters 

filters To adjust filters parameters before BLR 

BLR To adjust BLR module parameters  

triggered sig. To adjust trigger module parameters. 
Table 2: Use case of the Input signal of the Oscilloscope module 

 
Figure 7: Oscilloscope module.  

The user can select the time fullscale range with parameter ¢. Oscilloscope data contains up to 700 points 

separated by a time step. As the time step is a power of 2 ns, the proposed dynamic ranges vary from 1400 ns to 

5.2 µs. 

As each ion-induced pulse, triggered by the Trigger module or the BLR Trigger module, is identified by the 

relative time "0 ns" in an oscilloscope frame, the user can select where to place the sample "0 ns" ("min", "25%", 

"50%", "75%"), with the shift parameter £. 

LŦ ǘƘŜ ά!±9w!D9έ ōǳǘton ¤ is checked, every sample of the oscilloscope display is the average of many 

samples (2 for 2800 ns range, 4 for 5600 ns range, у ŦƻǊ мм ҡǎ ǊŀƴƎŜ ΧύΦ ¢ƘŜǊŜŦƻǊŜΣ ƻǎŎƛƭƭƻǎŎƻǇŜ ŘƛǎǇƭŀȅ ǎŜŜƳǎ ǘƻ 

ōŜ ƭŜǎǎ ƴƻƛǎȅ ǘƘŀƴ ƛǘ ƛǎ ƛƴ ǊŜŀƭƛǘȅΦ ²ƘŜƴ ά!±9w!D9έ ƛǎ ǳƴŎƘŜcked, one sample every 2 or 4 or 8 or 16 (etc.), 

depending on time-range value of 2800 ns, 32 ns, 5600 ns or 11 µs (etcΧ) forms the oscilloscope display. The 

sample, which triggered the Trigger module, is not necessarily apparent. 

The Y-fullscale ¥ depends on CARAS daughter board characteristics. It is always 0 centered, and the 

experimenter can zoom the signal display between +/- 150 mV, +/- 300 mV, +/- 600 mV, +/- 1200 mV or +/- 2400 

mV. 

LŦ άǿƛǘƘƻǳǘ ǘǊƛƎέ ƛǎ checked in ¦ (Figure 7), Oscilloscope module does not use the Trigger module or BLR 

Trigger to start storing an oscilloscope frame, but it uses a clock, whose frequency is defined in the άData outputέ 

module (cf. Figure 8). 

 
Figure 8: Maximum frequency of the oscilloscope frame definition 
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LŦ άǿƛǘƘƻǳǘ ǘǊƛƎέ is unchecked in ¦ (Figure 7), the Oscilloscope module is woken either by the BLR trigger if 

the displayed ǎƛƎƴŀƭ ƛǎ άǘǊƛƎƎŜǊ .[wέΣ otherwise by the Trigger module. In all case, the maximum oscilloscope 

frequency is defined by the Data output module. 

III.B  The Input  module  

In this module, the user has to define the raw signal (cf. Figure 9). That means: 

- its link with one of the two daughter board input channel ¡, 

- its ranges ¢,  

- its polarity£. 

 
Figure 9: The raw signal parameters. 

III.B.1  The CARAS Data Channel Selection 

The CARAS daughter board has two input channel called SMB 1 and SMB 2. Each FASTER SAMPLER MnM in 

the FPGA can be linked with any SMB, as shown Figure 10 and Figure 11. 

 
Figure 10: Multiplexers to select which analog channel to be processed. 

 
Figure 11: Input Channel selection. 
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III.B.2  Range Tuning 

Each SMB channel can have a different dynamic input range from [0.0 +2.2] V to [-2.2 0.0] V. This dynamic 

range is configured by the user, by ŎƭƛŎƪƛƴƎ ƻƴ άRangeέ ǎǿƛǘŎƘ ằ Figure 9. A new interface is launched (cf. Figure 

12): the user can add a voltage source (called άhffsetέ) between -1.1 V and 1.1 V with 0.1 V-step. 

 
Figure 12: fullscale range interface for CARAS daughter board. 

III.B.3  Polarity Tuning 

The Oscilloscope module allows the user to display the raw signal (Figure 13): 

The FASTER-SAMPLER process uses positive values. If the detector provides a negative signal, it is essential 

to convert it into a positive signal, with selection check button £ (Figure 9). 

 
Figure 13: Raw signal example. As the pulse direction is downward, the 

ǇƻƭŀǊƛǘȅ έ-ά must be selected. 

III.C  The low -pass filter  module  

If the experimenter wants to benefit from a low-pass filter, he must check the "enable" box ¡ (Figure 14). 
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Figure 14: Low-pass filter parameters. 

The user can select with button ¢ (Figure 14) one of the four available filters: either he chooses a moving 

average of 4 samples, or he chooses a filter defined by its rise time: 13 ns, 27 ns or 57 ns.  

He can select the filtering order £ (Figure 14ύ Υ άƻǊŘŜǊ мέ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƻƴƭȅ ƻƴŜ ƭƻǿ-Ǉŀǎǎ ŦƛƭǘŜǊΣ άƻǊŘŜǊ 

нέ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜre are two successive low-pass filters, άƻǊŘŜǊ оέ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ǘƘǊŜŜ successive low-

pass filters. Figure 15 shows the different effects of low-pass filters on one electronic pulse. 

 
Figure 15: effects of different low-pass filters 

III.D  The High-pass filter module  

If the experimenter wants to benefit from a high-pass filter, he must check the "enable" box ¡ (Figure 16). 

 
Figure 16: High-pass filter parameters 

This high-pass filter is a delay-line pass-filter. The experimenter has to tune the gain from 0 to 1 ¢ (Figure 

16), and the delay from 2 ns to 56 ns £ (Figure 16). 

The implemented operation is: 

Ὓ ὸ Ὓ ὸ ὫὥὭὲϽὛ ὸ ὨὩὰὥώ 

 If the gain is equal to 1, the resulting signal is bipolar, with a baseline centered on zero, as shown on 

Figure 17. 

 




















