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The FASTER Trapezoidal-Spectro MnM (Measurement numerical Module) is the ideal FASTER MnM for the 

nuclear physics spectroscopy. This MnM can be used with Silicon or HPGe detectors, ionization chambers, 

ǇǊƻǇƻǊǘƛƻƴŀƭ ŎƻǳƴǘŜǊǎΧ  

This version of spectroscopy-MnM uses the trapezoidal filter, unlike the CR-RC4 filter of the earlier version 

of the FASTER spectroscopy-MnM. It allows to calculate the event time-stamp with an accuracy of 8 ns/28 

( 3̑1 ps).  

The trapezoidal filter is well suited for detectors that undergo a ballistic deficit. It is more robust in case of 

high counting rate, because it generates shorter signals.  
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I  Theory of operation 

In the Trapezoidal-Spectro MnM, two signalsΣ ŎŀƭƭŜŘ άSpectro OUTέ ŀƴŘ άFast OUTέΣ are generated in parallel 

from the signal coming out of a Charge Pre-Amplifier (CPA): 

¶ The Spectro OUT signal: it is a trapezoidal or triangular signal whose characteristics are chosen to 

maximize the ratio Signal amplitude/Noise: the amplitude measurement of the Spectro OUT signal, 

thanks to the ADC module (cf. Figure 1), is proportional to the energy deposited per incident particle. 

¶ The Fast OUT signal: it is a trapezoidal or triangular signal, which lasts less than the Spectro OUT signal. 

It allows an optimal measurement of the particle arrival time. This signal is connected to a constant 

fraction shaper and trigger. This signal is generally used to trigger the amplitude measurement of the 

Spectro OUT signal in the ADC module. 

 
Figure 1: Instrumentation system for spectroscopy. 

The ideal signal equation, coming out of a Charge Pre-Amplifier (CPA), is: 

Ὡὸ π  ᶅὸ ὸ Equation I-1 

Ὡὸ ὯẗὉẗὩ   ᶅὸ ὸ 
 

with ʐ  the CPA time constant, typically ranging from a few 10 µs up to a few 100 µs. 

The noise coming from the electronic modules is added to this signal. 

Several filters can be applied to maximize the S/N ratio, but the theory is based on a voltage step input signal 

(Ὡὸ ὯẗὉ ᶅ ὸ ὸ), and not a decreasing exponential input signal. In the FASTER Trapezoidal-Spectro MnM, 

the applied filters, which constitute the shaper module, are therefore: 

¶ A module to transform the decreasing exponential input signal into a step input signal (Pole-Zero 

Compensation= PZC) 

¶ A filter transforming this step signal into a trapezoid/triangle signal (trapezoidal shaper) 

¶ A baseline restorer (BLR). 
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The first two modules are linear filters, they can be applied in any order. In the Trapezoidal-Spectro MnM, 

the modules are implemented as follows: 

¶ The filter elaborating the trapezoid/triangle signal(trapezoidal shaper) 

¶ The module correcting the fact that the input signal is not a step (PZC) 

¶ The baseline restorer (BLR). 

The Figure 2 shows the signal shapes after every filter module. 

 
Figure 2: signal shapes after the different filters 

It is important to note that the out signal from the trapezoidal shaper is a zero baseline signal, because the 

trapezoidal shaper is a bandpass filter, as it can be noticed on its Bode diagram on Figure 3. 

 
Figure 3: Bode diagram for trapezoidal shaper rising edge=4.3µs, flat 

top=480ns 

It is the pole-zero corrector module that passes the input baseline to the output signal. If the input baseline 

is ὄὒ, then the out baseline ὄὒ, after the pole-zero corrector module, is: 

 

ὄὒ
ὶὭίὭὲὫᾩὨὫᾩὨόὶὥὸὭέὲὪὰὥὸὸͅέῂὨόὶὥὸὭέὲ

†
ὄὒ 

Equation I-2 

 

rising_edge_duration and flat_top_duration are defined in Figure 20, p17. 

The Bode diagram of the Figure 3 becomes after pole-zero compensation (CPZ) such as the Figure 4. 
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Figure 4: Bode diagram for trapezoidal shaper rising edge=4.3µs, flat 

ǘƻǇҐпулƴǎ Ҍ t½/ όˍCPA=40µs) 

In the chapter III of this document, we will describe the various filters or modules implemented in the MnM, 

namely the trapezoidal shaper, the pole-zero compensation filter, the baseline restorer filter, the discriminator 

module, the ADC module and the oscilloscope module. 

II  Preamble 

II.A  FASTER launching  

¢ƻ ǘŀƪŜ ōŜƴŜŦƛǘ ƻŦ ǘƘŜ ά¢ǊŀǇŜȊƻƛŘŀƭέ ǎǇŜŎǘǊƻǎŎƻǇȅ ƻŦ ǘƘŜ C!{¢9w ŀŎǉǳƛǎƛǘƛƻƴΣ the experimenter can build his 

experiment interface with the command faster_setup_gui . 

The interface, shown on Figure 5, is launched. To use the FASTER Trapezoidal-Spectro MnM, the 

experimenter must select the άTrapezoidal SǇŜŎǘǊƻέ ǘȅǇŜ, by right-clicking on the daughterboard line. 
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Figure 5: ŜȄǇŜǊƛƳŜƴǘ ōǳƛƭŘƛƴƎ ǿƛǘƘ άfaster_setup_guiέΦ 

 .ȅ ŎƘŜŎƪƛƴƎ ƻǊ ǳƴŎƘŜŎƪƛƴƎ άǳǎŜ ŜȄǇŜǊǘ ƳƻŘŜέ (cf. Figure 6), the experimenter can choose between two 

interfaces: an expert or a basic one. 

 
Figure 6: two interfaces (basic or expert) are existing to adjust the parameters of the FASTER Trapezoidal-Spectro MnM. 

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

and of each channel of the daughterboard. 

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

on Figure 7. 
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Figure 7: faster_gui interface. 

 .ȅ ŎƭƛŎƪƛƴƎ ƻƴ ά/ƘŀƴƴŜƭǎέ όŎŦΦ Figure 7), the MnM interface is displayed, allowing the user to adjust the 

different module parameters. 

The basic interface (Figure 8) looks like the earlier FASTER CRRC4-Spectro MnM interface: 

 
Figure 8: basic interface 
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The expert interface (Figure 9) allows expert tunings: 

 
Figure 9: expert interface. 

II.B  RHB launching  

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

faster_rhb_demo_trap_s pectro_copy  in the working directory, in order to have an example of RHB files 

adapted to the FASTER Trapezoidal-Spectro MnM. 

A new repertory ADC_RHB_Demo is created. The user shall go in the full_config repertory contained in the 

repertory ACD_RHB_Demo, before launching RHB interface. 

cd ADC_RHB_Demo 

cd full_config  

RHB - r  

III  Description of FASTER Trapezoidal-Spectro MnM 

Both interfaces include several tuning modules, synthetically described in Table 1 and Figure 10. Each module 

has some parameters that are adjustable by the user to achieve the best performance. 
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module Border color   Purpose 

Raw signal module blue It describes the raw signal characteristics.  

Shaping module 
(Fast OUT, Spectro OUT, BLR) 

white 
It makes the both Spectro OUT and Fast OUT trapezoidal signals, 
with a zero baseline. See Figure 2. 

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

ADC module green It measures the amplitude of the Spectro OUT trapezoidal signal 

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 Trapezoidal-Spectro MnM 

 
Figure 10: Diagram of FASTER Trapezoidal-Spectro MnM. The border colour of each box is as the one of the 

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

Trapezoidal-Spectro MnM parameters to achieve the best signal/noise ratio. We recommend to use RHB facilities 

to display signal shapes and deposited energy spectra. The signal shapes are observable thanks to the 

Oscilloscope module. This one is therefore the first to be described. 

III.A  The Oscilloscope module  

Oscilloscope data contains up to 700 points separated by a time step. The time step is a power of 8 ns.  

The signal, which is displayed by the oscilloscope module, is defined by the parameter Ằ (Figure 11 and 

Figure 13). Each  on Figure 10 indicates the location of an Oscilloscope module input. The use case of this signal 

is described in Table 2. 

Input signal Basic mode Expert mode 

raw signal To adjust Raw signal module parameters To adjust Raw signal module parameters 

trigger BLR To adjust BLR module parameters To adjust BLR module parameters  

fast out signal To adjust Fast Out module parameters To adjust Fast Out module parameters 
(including BLR freeze) 

fast out baseline  To check BLR tunings of the Fast Out signal 

spectro out signal To adjust : 
- Spectro Out module parameters  
- ˍ ǇǊŜŀƳǇ parameter in the Raw 

signal module for pole-zero 
compensation 

To adjust: 
- Spectro Out module parameters 

(including BLR freeze) 
- ˍ ǇǊŜŀƳǇ ǇŀǊŀƳŜǘŜǊ ƛƴ ǘƘŜ wŀǿ 

signal module for pole-zero 
compensation 

spectro out baseline  To check BLR tunings of the Spectro Out 
signal 

trigger Threshold To adjust Trigger module parameters To adjust Trigger module parameters in 
case of threshold discriminator 

trigger CFD  To adjust Trigger module parameters in 
case of constant fraction discriminator 

spectro out signal + delay  To adjust ADC module parameters 
Table 2: Use case of the Input signal of the Oscilloscope module 

In the expert mode (c.f. Figure 11), it is possible to choose the number of samples of the oscilloscope frame 

in ặ. It must be an even number between 2 and 700. The user choose the time step between each point in Ặ. 

As each particle signal, triggered by the Trigger module or the BLR Trigger, is spotted by the άл ƴǎά relative time 

in the oscilloscope frame, the user have to select how many samples he wants ōŜŦƻǊŜ ǘƘŜ άл ƴǎέ sample, in the 

shift parameter ẵ. With an 8 ns time step, the value of the άл ƴǎέ sample is always above the trigger level. In Ẵ, 

the user can visualize the resulting time fullscale range. The Y-fullscale Ẳ depends on daughter board 

characteristics (c.f. § III.B ). It is always 0 centered, and the experimenter can zoom with the zoom button ẳ.  
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Figure 11: Oscilloscope module / expert mode.  

When the time step is greater than 8 ns, ŀƴ άAVERAGEέ ōǳǘǘƻƴ ŀǇǇŜŀǊǎ (cd. Figure 12). If this button is 

checked, every sample of the oscilloscope display is the average of many samples (2 for a 16 ns time step, 4 for 

a 32 ns time step, 8 for a 64 ƴǎ ǘƛƳŜ ǎǘŜǇ ΧύΦ ¢ƘŜǊŜŦƻǊŜΣ oscilloscope display seems to be less noisy than it is in 

reality. ²ƘŜƴ ά!±9w!D9έ ƛǎ ǳƴŎƘŜŎƪŜŘΣ ƻƴŜ ǎŀƳǇƭŜ ŜǾŜǊȅ н ƻǊ п ƻǊ у ƻǊ мс όŜǘŎΦύΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǘƛƳŜ ǎǘŜǇ 

value of 16 ns, 32 ns, 64 ns or 128 ns (etc.) forms the oscilloscope display. The sample, which triggered the Trigger 

module, is not necessarily apparent. 

 
Figure 12: Oscilloscope module. Average button appears for all time step above 8 ns. 

In the basic mode (c.f. Figure 13), the oscilloscope frame contains 700 samples. Thus, the time fullscale Ẵ is 

entirely defined by the time step and equal to 700 x [time step value]. The time step value can be equal to 8 ns, 

16 ns, 32 ns, 64 ns, 128 ns, 256 ns, 1024 ns or 2048 ns, thus, the time fullscale is respectively 5600 ns, 11 µs, 23 

µs, 45 µs, 90 µs, 180 µs, 360 µs, 0.7 ms or 1.4 ms. The Delay button ẵ corresponds to a shift of respectively 14 

samples, 176 samples, 350 samples and 490 samples for respectively Delay min, 25%, 50% and 70%. As in expert 

mode, the Y-fullscale Ẳ in basic mode depends on the daughter board characteristics (c.f. § III.B ) and the 

experimenter can zoom with the zoom button ẳ. 

 
Figure 13: Oscilloscope module /  basic mode 
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LŦ άǿƛǘƘƻǳǘ ǘǊƛƎέ ƛǎ checked in ằ (Figure 11 and Figure 13), Oscilloscope module does not use the Trigger 

module to start storing an oscilloscope frame, but it uses a clock, whose frequency is defined in the άOutputέ 

module (cf Figure 14). The user can select either 1 kHz, 100 Hz, 10 Hz as output frequency. 

 
Figure 14: maximum frequency of the oscilloscope frame definition 

LŦ άǿƛǘƘƻǳǘ ǘǊƛƎέ is unchecked in ằ (Figure 11 and Figure 13), 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 Output module. 

 

III.B  The Raw signal module  

In this module, the user has to describe the raw signal (cf. Figure 15). That means its link with one of the four 

daughter board input channel Ằ, its polarity Ẳ, its decay time constant ẳ, its baseline level Ẵ.  

 
Figure 15: the raw signal parameters. 

The MOSAHR daughter board has four input channel called SMB 1 to SMB 4. Each FASTER Trapezoidal-

Spectro MnM in the FPGA can be linked with any SMB. Each SMB channel can have a different input fullscale 

range from ±  1V to ±  10V, set by four mechanical switches on the daughter board. .ȅ ŎƭƛŎƪƛƴƎ ƻƴ άwange switches 

matchέ ằ, a new interface is launched (cf. Figure 16), the user has to match the fullscale range of the oscilloscope 

display with the real electronical fullscale range. 












































