
 



Outline
1. Signal processing in front end electronics for particle detector
2. Signal-to-noise ratio optimization
3. Timing measurements
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Introduction to Front End Electronics 
● Ideally: Amplify the detected signal without introducing electronic noise
● Allow the accurate measurement of particle energy and/or arrival time (e.g. CSA)
● Output of the amplifier is a step function but amplitude will saturate with time 

○ Need of R in parallel → exponential discharge 
○ Poor noise and amplitude estimation → need shaper 
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for the fundamentals check 
out the lectures of Rafael 

Ballabriga Sune



Experimental Setup
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Pulse 
Generator
(Ci = 1pF)

Amplifier
 ORTEC model 142H 

Mock Up Sensors

Pulse
Shaper

Oscilloscope



Input Signal Generation

93Ω

50Ω

First measurements were performed considering 2fC 
injection:
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● 100MHz square Pulse from waveform generator
● Pulse amplitude defines input charge
● Fixed amplifier controls: gain, polarity, Gaussian shaper mode

The load voltage divider circuit considered 
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Sensor A: low capacitance

Sensor B: high capacitance 

Sensor C: high capacitance                                                           
+ leakage current
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Study of the Signal-to-Noise Ratio by varying 
the shaping time:

Signal-to-noise Optimization
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Signal-to-noise Optimization

Capacitance dominates 
for small ts

Leakage current 
dominates for big ts

Study of the Equivalent Noise Charge by 
varying the shaping time:
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Signal-to-noise Optimization
Conclusions
● Optimal shaping time depends on the 

specific sensor
● Sensors with lower capacitance generally 

provide better performance
● Very long shaping times degrade time 

resolution and increase risks of pile-up and 
dead time

● Better noise behavior for the SHV cable
ENC

SNR



Timing Measurements 
● Noise will influence when the threshold is crossed → Time Jitter
● Different signals cross the threshold at different times, depending on their amplitude   

→ Time Walk
● Systematic Effect of the constant threshold measurement → Need to be taken into 

account 

https://indico.cern.ch/event/705748/contributions/3012998/attachments/1656074/2651203/TOTEM_timing_Bossini.pdf
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Time Walk
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Time Jitter

Measured as the standard deviation of 
the times at which the signals cross a 
fixed threshold measured online from 
the oscilloscope

Highest charge is taken as reference. 
Time walk is obtained as difference 
between delay rising times.

Timing Measurements 
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● Shaping time of 1 μs 
minimizes the time jitter 

● Time walk is a 
systematic effect that 
should be quantified 
and corrected offline 

● Large shaping time will 
influence the rise time 
and increase the S/N 
ratio  

Timing Measurements 



THANKS
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Backup
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Introduction to Front End Electronics 

● Enable the signal processing on particle detector concepts 
● Amplify the detected signal without introducing electronic noise
● Allow the accurate measurement of particle energy and/or arrival time

⇒ Charge sensitive amplifiers are good candidates (CSA)
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Timing measurements / Timewalk

Different signals cross the threshold at 
different times, depending on their 
amplitude.
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https://indico.cern.ch/event/705748/contributions/3012998/attachments/1656074/2651203/TOTEM_timing_Bossini.pdf
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Signal-to-noise optimization

Conclusions:
- Different optimum shaping times for different sensors
- Good sensor should have low capacitance
- At very long shaping times: lose time information / 

pile-up and dead time problems

Noise dominated by 
capacitance at low 

shaping times

Noise dominated by 
leakage current at 
high shaping times

Study of the Equivalent Noise Charge:
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Discussion

● Optimal shaping time depends on the specific sensor
● Sensors with lower capacitance generally provide better performance
● Very long shaping times degrade time resolution and increase risks of pile-up and dead time

Capacitance dominates 
for small ts

Leakage current 
dominates for big ts


