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This document is the user manual of the FASTER-QDC-TDC module.  

In chapter one, you will  find an introduction to  the charge measurement  chain  and the time 

measurement chain . 

In chapter two, all tuning parameters  of the FASTER-QDC-TDC module  are described . 

In chapter three, a FASTER-QDC-TDC module tuning procedure is suggested.  
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I- LƴǘǊƻŘǳŎǘƛƻƴ 

I-1- Elements of Charge Measurement 

A QDC instrumentation  chain is designed for radiation charge measurement. This system includes the 

essential modules shown in Fig. 1. 

 
Fig. 1: The essential modules in a QDC set-up. 

In general, the QDC chain is used with self-amplified detectors (photomultiplier, Gas Electro Multiplier, 

Proportional Counters..). In the FASTER-QDC-TDC module, the signal from the detector is immediately 

digitalized. Therefore, the signal processing is digital in FASTER-QDC-TDC. 

I-2- Elements of Time Measurement 

The acquisition of FASTER is able to perform energy measurements by means of time of flight. Every 

FASTER-QDC-TDC module operates in a synchronous way, and all the events are precisely time-stamped 

with the same reference. The user can then display the TOF measurement by using RHB-v. 

 
Fig. 2: Time of flight measurement set -up. 
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I-3- FASTER-QDC-TDC Signal Processing 

The FASTER-QDC-TDC module works with the CARAS daughter card.  In general, for QDC performing, the 

CARAS daughter card is uÓÅÄ ÉÎ ÉÔÓ υπЏ-load configuration.  

FASTER-QDC-TDC is able to compute four different charges up to 1.5 µC.  

The dynamic range of the FASTER-QDC-TDC inputs is the dynamic range of the CARAS daughter card, i.e. 

+/ -1.2V. The dynamic range can be shifted by adjusting an offset in FASTER V1 ɀ FASTER GUI software. 

Therefore, the maximum current measured by CARAS-υπЏ ÉÓ ÁÂÏÕÔ τ6 mA. 

Each event detected by FASTER-QDC-TDC is timestamped with a 2ns accuracy (LSB timestamp value). 

For the TOF measurement, FASTER-QDC-TDC provides a 7.8ps-accuracy time data (7.8ps is the 

quantification bit ). Time resolution versus event amplitude is shown on the following figure. This chart is 

obtained with a 2V-logic signal on channel 1, and a logic signal from 6mV to 2V on channel 2. But FASTER 

can also be operated with analog signals. 

 

 
Fig. 3: TOF resolution  

Refer to the CARAS daughter card descriptions for more information . 
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II- C!{¢9w-v5/-¢5/ aƻŘǳƭŜ 5ŜǎŎǊƛǇǘƛƻƴ 

The FASTER-QDC-TDC module is a signal processing module designed for signals digitalized by a 12-BIT, 

500MHz analogic-to-digital converter. That means that the module receives a 12BIT-sample every 2 ns, 

and is able to timestamp its output data with an accuracy of 2ns (every event timestamp value has to be 

multiplied by 2 ns to have the event date in nanoseconds). 

The FASTER-QDC-TDC module contains the following elements: 

- A dynamic range tuning, 

- A polarity tuning , 

- A baseline restorer, 

- A filter  if necessary, 

- A trigger module including two kinds of discriminator , 

- A charge calculation module, 

- An oscilloscope, 

- An event counter. 

It is important to know the role of each element in order to obtain the charge spectra or the TOF spectra 

with the best resolution. 

The Faster-QDC-TDC module provides three kinds of 2ns-accuracy dated data: 

- Oscilloscope data  

- Charge module data, with an additional 7.8ps-accuracy time information in case of time measurement 

- Event counter data. 

This data can be displayed thanks to the Root Histogram Builder provided with FASTER-v1 pack. 
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II-1- FASTER-QDC-TDC module Structure 

The FASTER-QDC-TDC module structure of processing is shown below. 

 
Fig. 4: Diagram  of the FASTER-QDC-TDC signal processi ng. 
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II-2- The oscilloscope submodule 

The oscilloscope displays the signal at the output of the various submodules described later.  

 It is not calibrated, and the scale in millivolts of the y-axis is only an indication of the 

voltage. 

Nevertheless, the FASTER oscilloscope includes several features found on any ordinary oscilloscope, like 

trigger choice, channel display choice, horizontal tuning, and vertical tuning. Additionally, the FASTER-

QDC-TDC processing lets you select the acquisition speed. 

II-2-1 The oscilloscope trigger choice 

 
Fig. 5: Trigger mode parameter  

The oscilloscope display can be triggered by the discriminator submodule or not. During the initial 

settingÓȟ ÉÔȭÓ ÖÅÒÙ useful to sÅÌÅÃÔ Ȱ7ÉÔÈÏÕÔ ÔÒÉÇȢȱ. This tuning helps to identify the shape of the signal, and 

its polarity. 

II-2-2 The oscilloscope input channel 

 
Fig. 6: The inspected channel s 

The oscilloscope displays several signals from different submodules: 

- ȰInput Raw Signalȱȡ  The FASTER daughter card includes an analogic-to-digital converter.  This channel 

shows data digitalized by this converter. 

- ȰInput Constant BLRȱȡ  This channel shows data after the Ȱconstant baseline restorerȱ processing unit. 

Refer to sectionII-5-1. 

- ȰInput Dynamic BLRȱȡ 4ÈÉÓ ÃÈÁÎÎÅÌ ÓÈÏ×Ó ÄÁÔÁ after the Ȱdynamic baseline restorerȱ processing unit. 

Refer to section II-5-2. 

- ȰInput Dyn Base Lineȱȡ This channel shows the baseline computed by the ȰÄÙÎÁÍÉÃ ÂÁÓÅÌÉÎÅ ÒÅÓÔÏÒÅÒȱ 

processing unit. Refer to section II-5-2. 
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- ȰInput Triggerȱȡ This channel shows ÔÈÅ ÓÉÇÎÁÌ ÕÓÅÄ ÂÙ Ȱ4ÒÉÇÇÅÒȱ ÓÕÂÍÏÄÕÌÅȢ 2ÅÆÅÒ ÔÏ ÓÅÃÔÉÏÎ II-7-2-1. 

- Ȱ)ÎÐÕÔ 1$# $30ȱȡ This channel shows ÔÈÅ ÓÉÇÎÁÌ ÕÓÅÄ ÂÙ Ȱ#ÈÁÒÇÅ Calculationȱ ÓÕÂÍÏÄÕÌÅȢ 2ÅÆÅÒ Ôo 

section II-8-1. 

II-2-3 The oscilloscope horizontal tuning 

The time base of the signals can be adjusted with 3 parameters: shift, fullscale, subsampling. 

II-2-3-1 The horizontal fullscale 

 
Fig. 7: The horizontal fullscale parameter  

The user can select between 9 fullscale ranges from 6µs to 1.4ms. 

A signal graph contains 704 samples. 

The time interval between two samples is: 2 ns for 1400 ns fullscale range; it is the sampling period of the 

500MHz analogic-to-digital converter. The time interval is 4 ns for 2800 ns fullscale range, 8 ns for 5600 

ns fullscale range, 16 ns for 11 µs fullscale range, 32 ns for 23 µs fullscale range, 64 ns for 45 µs fullscale 

range, 128 ns for 90 µs fullscale range, 256 ns for 180 µs fullscale range, 512 ns for 360 µs fullscale range, 

1024 ns for 0.7 ms fullscale range, 2048 ns for 1.4 ms fullscale range. 

II-2-3-2 The subsampling mode 

 
Fig. 8: The subsampling  mode parameter  

As the number of samples is constant, the time interval between two samples is different according to the 

horizontal fullscale. When this time interval is greater than 2 ns, there are two ways to subsample the 

signal:  

- Either eÖÅÒÙ ÓÁÍÐÌÅ ÏÆ ÔÈÅ ÏÓÃÉÌÌÏÓÃÏÐÅ ÄÉÓÐÌÁÙ ÒÅÐÒÅÓÅÎÔÓ ÔÈÅ ÁÖÅÒÁÇÅ ÏÆ ÓÅÖÅÒÁÌ ÓÁÍÐÌÅÓȢ )ÔȭÓ ÔÈÅ 

ȰÁÖÅÒÁÇÅȱ ÍÏÄÅȢ 
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- Or every sample of the oscilloscope display represents one sample every N samples. )ÔȭÓ ÔÈÅ 

ȰÓÕÂÓÁÍÐÌÉÎÇȱ ÍÏÄÅȢ 

 When a very short signal must be displayed, ŘƻƴΩǘ forget to change the horizontal 

fullscale to 1400ns ŦǳƭƭǎŎŀƭŜΦ Lƴ άŀǾŜǊŀƎŜ ƳƻŘŜέΣ ǘƘŜ ŀǾŜǊŀƎŜ ƻŦ a very short signal 

within ŀ ƭƻǘ ƻŦ ǎŀƳǇƭŜǎ ƛǎ ŀƭƳƻǎǘ ȊŜǊƻΦ Lƴ άǎǳōǎŀƳǇƭƛƴƎ ƳƻŘŜέΣ ǘƘŜ ǎŀƳǇƭŜ ǎƘƻǿƴ ƛǎ 

not necessarily the peak sample of the short signal. Therefore, a short signal exits, 

but it can be not-displayed. 

II-2-3-3 The delay 

 
Fig. 9: The delay parameter  

This parameter is available only when the oscilloscope display is triggered by the discriminator module. 

The sample, that satisfies discriminator module conditions, is set at the very beginning (delay min), 25%, 

50% or 75% of the display. 

 The sample, which satisfies the discriminator module conditions, is always placed at 

ŀōǎŎƛǎǎŀ άл ƴǎέ ƛƴ ά· ŦǳƭƭǎŎŀƭŜ мпллƴǎΣ 5Ŝƭŀȅ Ƴƛƴέ ŎƻƴŦƛƎǳǊŀǘƛƻƴ. It is not necessarily 

the beginning of the signal.  LŦ ά· ŦǳƭƭǎŎŀƭŜέ ŀƴŘ ά5Ŝƭŀȅέ ƛǎ ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ά· ŦǳƭƭǎŎŀƭŜ 

140лƴǎΣ 5Ŝƭŀȅ ƳƛƴέΣ the oscilloscope display may have a time shift. 

II-2-4 The oscilloscope vertical tuning  

 
Fig. 10: The vertical fullscale  

The values of the oscilloscope samples are always signed 16 BIT values, centered on 0. 

The FASTER-QDC-TDC module is processing 12 BIT signal samples for a fullscale around 2.4V peak to 

peak. But, as the signal is not 0-centered, the processing module uses 13BIT for +/ -2.4V fullscale. 

In order to perform high-resolution calculations in the processing, 7 BIT are added as accuracy BIT on the 

signal sample. 
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Fig. 11: Data repr esentation in the processing module  

The values of the oscilloscope submodule have only 16 BIT. Several oscilloscope fullscale ranges are 

available to make the most of the maximum accuracy, or of the maximum fullscale of the FASTER-QDC-

TDC module. 

 
Fig. 12: The oscilloscope fullscale ranges  

For example: 

/ÓÃÉÌÌÏÓÃÏÐÅ ÆÕÌÌÓÃÁÌÅ ÒÁÎÇÅ ÍÉÎ
Ȣ

ρυπÍ6. 

The oscilloscope fullscale range does not affect the internal representation of the signal used by the 

module. 

II-2-5 The oscilloscope acquisition speed 

 
Fig. 13: The acquisition speed parameter  

There are 4 choices of acquisition speed: 

- One acquisition every millisecond: 1 kHz, 

- One acquisition every 10milliseconds: 100Hz, 

- One acquisition every 100 milliseconds: 10Hz, 

- One acquisition every second: 1Hz. 
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II-2-6 ¢ƘŜ άƻǳǘǇǳǘ ŜƴŀōƭŜέ ǇŀǊŀƳŜǘŜǊ 

 
Fig. 14: The oscilloscope Ȱenableȱ parameter  

The oscilloscope data is only sent to the acquisition chain if the Ȱenableȱ parameter is checked. 

II-2-7 The oscilloscope output data 

An oscilloscope data consist of 1448 bytes. . This data contains the event timestamp, the time scale, the 

time offset, the mV scale, and the 704 samples. 

 

This data is decoded by the Root Histogram Builder proposed with the FASTER-v1 package and the 

fasterac package.  
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II-3- The άInput Dynamic Range Tuningέ ǎǳōƳƻŘǳƭŜ 

 
Fig. 15: Input range adjustment for Caras daughter card  

The first parameter to adjust is the dynamic range. The input ranges from -ρȢρωυ6 ÔÏ ρȢρωυ6ȟ ÉÆ ÙÏÕ ÄÏÎȭÔ 

change anything. 

By electrically changing the offset level, you can take advantage of the full scale range of about 2.4V. You 

can increase or decrease the input signal baseline level from -1.1V to 1.1V. 

The raw data (that means the data digitized by the converter) is viewable with the ȰOscilloscopeȱ 

submodule. It is always between -1.1V and 1.1V. 

 
Fig. 16:  The data from detector  can range up to 2V and stays in the CARAS dynamic range. 

In this example, the input range is set to 1000mV in order to take advantage of the full 2.4V analog range. 

II-4- The άPolarity Tuningέ submodule 

 
Fig. 17: The polarity parameter  

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

essential to convert it into a positive signal.  
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II-5- The ά.ŀǎŜƭƛƴŜ wŜǎǘƻǊŜǊέ submodule 

In order to obtain charge spectra or TOF spectra with the best resolution, it is necessary to zero the 

acquired signal baseline. The ȰBaseline Restorerȱ ÓÕÂÍÏÄÕÌÅ provides two ways to zero the baseline: 

-Either by subtracting a constant level: that is the constant BLR 

-Or by subtracting a signal which follows the low input signal variations: that is the dynamic BLR. 

 
Fig. 18: the BLR choice parameter.  

II-5-1 ¢ƘŜ άConstant Baseline Restorerέ submodule 

 
Fig. 19: 4ÈÅ ȰLevelȱ parameter of the Constant BLR submodule  

This baseline restorer simply subtracts a constant level. 

II-5-2 ¢ƘŜ άDynamic Baseline Restorerέ submodule 

This baseline restorer follows the slow variations of the signal baseline. 

 
Fig. 20: The dynamic baseline restorer parameter  

Theory of operation: 

The theory of operation of the baseline restorer is shown below:  
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Fig. 21: Theory of operation of b aseline restorer : ȰThreshold ȱ, ȰGateȱ and ȰFcȱ have to be tuned.  

The signal from the Ȱ0ÏÌÁÒÉÔÙ 4ÕÎÉÎÇȱ submodule is filtered by a low-pass filter. This tracking filter let s 

through any slow variations of the signal. The cut-off frequency  ȰFcȱ of this low -pass filter  is 20 kHz, 

160 kHz, 640 kHz or 6600 kHz. It is a first order low -pass filter. 

The baseline tracking by the low-pass filter is stopped when an event is detected. That means when the 

cleaned ÓÉÇÎÁÌ ÁÆÔÅÒ ",2 ÅØÃÅÅÄÓ Á ȰÔÈÒÅÓÈÏÌÄȱ ÐÁÒÁÍÅÔÅÒ value . Then the baseline tracking stops 

while the value of signal samples is above the threshold and after a duration  defined  in  the  Ȱ'ÁÔÅȱ 

parameter . Thus, the signal tracking is stopped during all the signal duration. When the baseline tracking 

is stopped, the computed baseline value is set to the baseline value just before the detected event. In case 

of pile up, the computed baseline value is equal to the baseline value just before the first detected event. 

 
Fig. 22: Focus on the BLR signal 
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 It is important to properly adjust the automatic baseline restorer: that means adjust 

the ǘƘǊŜǎƘƻƭŘ όά¢ƘǊόƳ±ύέύΣ the cut-ƻŦŦ ŦǊŜǉǳŜƴŎȅ όάCŎέύΣ ŀƴŘ the ŘǳǊŀǘƛƻƴ όάDŀǘŜέύΦ 

 It is necessary that ǘƘŜ άDynamic BLRέ submodule spends enough time to compute 

the baseline. If the event flow rate is too high, the low-pass filter is no longer able to 

track enough the signal baseline. Lǘ ƛǎ ōŜǘǘŜǊ ǘƻ ǳǎŜ άŎƻƴǎǘŀƴǘ .[wέΦ 

 ¢ƘŜ άDynamic BLRέ ǎǳōƳƻŘǳƭŜ ŎŀƴΩǘ ōŜ ƛƴ ƛǘǎ hold state during more than 400 µs. 

After 400µs, whatever the signal, it will be considered as a baseline. 

 

Dynamic baseline restorer adjustment: 

The BLR Threshold: 

When tuning the BLR threshold, you must inspect the Ȱ)ÎÐÕÔ $ÙÎÁÍÉÃ ",2ȱ signal with the internal 

oscilloscope. Threshold level should be chosen just above noise. The danger of setting the BLR threshold 

too high is that an event may be considered as a baseline, and the dynamic baseline restorer is incorrectly 

adjusted. 

 
Fig. 23: Baseline restorer threshold tuning  

 ¢ƘŜ άDynamic BLRέ discriminator operates in the same way as the threshold trigger of the 

ά¢ǊƛƎƎŜǊέ submodule if the following conditions are satisfied in theά¢ǊƛƎƎŜǊέ ǎǳōƳƻŘǳƭŜ (refer 

to § II-7-2-3): 

- ά¢ȅǇŜ ¢Iw9{έ ƛǎ ǎŜƭŜŎǘŜŘΤ 

- άLƴǇǳǘ ƭƻǿ Ǉŀǎǎ ŦƛƭǘŜǊέ ƛǎ ǳƴŎƘŜŎked; 

- 2 ƴǎ ά²ƛŘǘƘέ ƛǎ ǎŜƭŜŎǘŜŘΦ 

- The ά¢ǊƛƎƎŜǊέ ¢ƘǊŜǎƘƻƭŘ ƭŜǾŜƭ ƛǎ ǘƘŜ ǎŀƳŜ ŀǎ the ά.[wέ ¢ƘǊŜǎƘƻƭŘ ƭŜǾŜƭΦ 

It is then convenient to inspect either the έInput Dynamic BLRέ ƻǊ theάLƴǇǳǘ ¢ǊƛƎƎŜǊέ 

oscilloscope channel (they are all the same in this configuration). By simultaneously and 

gradually increasing the ά¢ǊƛƎƎŜǊέ ŀƴŘ ά.[wέ ǘƘǊŜǎƘƻƭŘ ƭŜǾŜƭs, the user can easily find the 

lowest level which discriminates an event. 
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The BLR gate: 

When tuning ÔÈÅ Ȱ'ÁÔÅȱ ÐÁÒÁÍÅÔÅÒȟ ÙÏÕ ÍÕÓÔ still inspect the Ȱ)ÎÐÕÔ $ÙÎÁÍÉÃ ",2ȱ signal with the internal 

oscilloscopeȢ 9ÏÕ ÈÁÖÅ ÔÏ ÆÉÌÌ ÉÎ Ȱ'ÁÔÅȱ ×ÉÔÈ duration from the time when the signal passes below the 

threshold until signal is no more considered as an event. The maximum gate is 32760ns. 

 
Fig. 24: The BLR Gate parameter 

 If you have difficulties to define the gate width, fill in the parameter with the pulse duration, 

especially if the data flow is low. 

The BLR cut-off frequency: 

The Ȱ&Ãȱ ÐÁÒÁÍÅÔÅÒ ÉÓ ÔÈÅ ÃÕÔ-off frequency of the BLR low-pass filter. The higher this frequency, the faster 

the baseline is followed by the BLR submodule: with a 20 kHz cut-off frequency, the BLR filter tracks the 

baseline in 17.6 µs. It is 2.2 µs for Fc=160 kHz, 550ns for Fc=640 kHz and 53 ns for Fc=6600 kHz. 

Nevertheless  the lower the frequency, the better the signal to noise ratio. The choice depends on the 

event flow, and the EMC shielding.  

 
Fig. 25: The BLR Cut-off frequency  par ameter  

 160 kHz is often a good compromise!  

 ²ƘŜƴ ŀŘƧǳǎǘƛƴƎ άƎŀǘŜέ ǿƛŘǘƘΣ ȅƻǳ Ŏŀƴ ǎƻƳŜǘƛƳŜǎ ǎŜŜ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ά5ȅƴŀƳƛŎ 

.[wέ ŀƴŘ ƛǘǎ cut-off frequency. That happens with signals that have very long decay 

constant. On the following left chart, ǘƘŜ άƎŀǘŜέ ǿƛŘǘƘ ƛǎ ǎŜǘ ǘƻ лΦ ¢he άŘȅƴŀƳƛŎ BLRέ 

submodule tracks signal while samples are under the threshold. On the right chart, 

ǘƘŜ άƎŀǘŜέ ǿƛŘǘƘ ƛǎ ǿƛŘŜ ŜƴƻǳƎƘ ǘƻ Ŏƻƴǘŀƛƴ ŀƭƭ ƻŦ ǘƘŜ ǇǳƭǎŜΦ 
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Fig. 26 : The "Gate" width adjustment  

 The dynamic BLR significantly improves the spectra resolution. But if the baseline 

restorer is incorrectly adjusted, the resulting charge spectra could be disastrous. You 

should then use the constant BLR. 

  














































