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WP5: Fast timing with diamond Detectors

Time walk: corrected by constant fraction techniques or offline by amplitude
Time jitter: reduced by lower noise, faster signal and higher gain

Diamond pros:
 Fast rise time (<< 140 ps)
 Reduced ballistic effect
 Low Capacitance
 Rad-hard

Diamond cons:
 Small signal

The “jitter” σt of the timing distribution

DETECTION LIMITS AND RESOLUTION 35

For quick estimates one can use the following equation, which assumes a field
effect transistor (FET) amplifier (negligible ina) and a simple CR-RC shaper
with time constants τ (equal to the peaking time).

Q2
n = 12

[
e2

nA · ns

]
Idτ + 6 · 105

[
e2 kΩ

ns

]
τ

Rb
+ 3.6 · 104

[
e2 ns

(pF)2(nV)2/Hz

]
e2

n
C2

τ

For a given amplifier (i.e. en), noise is improved by reducing the detector ca-
pacitance and leakage current, judiciously selecting all resistances in the input
circuit, and choosing the optimum shaping time constant.

The noise parameters of the amplifier depend primarily on the input device.
Chapter 6 treats this in detail. In field effect transistors the noise current contri-
bution is very small, so reducing the detector leakage current and increasing the
bias resistance will allow long shaping times with correspondingly lower noise.
In bipolar transistors the base current sets a lower bound on the noise current,
so these devices are best at short shaping times. In special cases where the noise
of a transistor scales with geometry, i.e. decreasing noise voltage with increasing
input capacitance, the lowest noise is obtained when the input capacitance of the
transistor is equal to the detector capacitance, albeit at the expense of power
dissipation. Capacitive matching is useful with FETs, but not bipolar transis-
tors, as discussed in Chapter 6. In bipolar transistors the minimum obtainable
noise is independent of shaping time, but only at the optimum collector current
IC , which does depend on shaping time:
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where βDC is the direct current gain. For a CR-RC shaper and βDC = 100,
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Practical noise levels range from < 1 e for CCDs at long shaping times to
≈ 104 e in high-capacitance liquid argon calorimeters. Silicon strip detectors typ-
ically operate at ≈ 103 e, whereas pixel detectors with fast readout can provide
noise of order 100 e.

1.10.3 Timing measurements
In timing measurements the slope-to-noise ratio must be optimized, rather than
the signal-to-noise ratio alone, so the rise time tr of the pulse is important. The
“jitter” σt of the timing distribution

σt =
σn

(dS/dt)ST

≈ tr
S/N

, (1.37)

where σn is the rms noise and the derivative of the signal dS/dt is evaluated
at the trigger level ST . To increase dS/dt without incurring excessive noise the
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Motivations 

Our target  
Create a reference setup (detector and electronics) in 
order to compare different material and read out solutions 
developed by the collaboration.

Reference Detector 
Single crystal hyper-pure CVD supplied by DDL LTD
Size 4,5x4.5 mm2 and 500 um thickness

Reference Electronics
100 MHz bandwidth Charge Sensitive Amplifier
2 GHz wide band voltage amplifier
both amplifier supplied by Cividec.
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Experimental setup @ LNS
62 MeV Proton Beam
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✦Leading edge - simple interpolation

✦Leading edge - polynomial fit

Several methods of offline analysis

Metodo  dell’interpolazione 

Analisi a soglia fissa a 30mV 
 

• Metodo del fit 
del fronte di 
salita: fitto dal 
10% al 100% 
dell’ampiezza  
massima del 
segnale con 
polinomiale di 
ordine 6 
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2) Il segnale originale (curva rossa) viene invertito e ridotto di una frazione F (curva 
fucsia) . Successivamente si ritarda il segnale originale di un tempo T (curva verde) 

3) Somma della curva 
verde con la fucsia e 
calcolo dello zero 
crossing della curva di 
segnale bipolare 
(gialla) Rivelatore 2 

✦Software Constant fraction discriminator 

✦Normalized threshold polynomial fit - (Walk compensation)
1) Fitto la curva di segnale con una polinomiale di ordine 9 fittando fronte e discesa : 

Real CFD
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Analysis	
  Method resolu1on	
  

100	
  MHz	
  CSA

(sigma)

resolu1on	
  

2	
  GHz	
  Voltage	
  Amplifier

(sigma)

Leading edge - simple interpolation 246 ps 70	
  ps

Leading edge - polynomial fit 241 ps -­‐-­‐

Normalized threshold simple 
interpolation
(Walk compensation)

95 ps --

Normalized threshold polynomial fit 
(Walk compensation)

64 ps --

Software Constant fraction 
discriminator 

84 ps --

Real Constant Fraction Discriminator 90 ps do not work

Comparison of results with 62 MeV Proton beam
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Rivelatore 1 

Tempo di salita 
calcolato come 
differenza tra il 
tempo di 
attraversamento al 
90% della massima 
ampiezza e il 10% 
della stessa. 

Entrambi gli 
istogrammi 
sono stati 
riempiti con 
i dati del 
rivelatore 1 
e 2 insieme. 

TimeRise ~ 5 ns 

Theoretical prediction with 62 MeV proton Beam and 
100 MHz Charge Sensitive Preamplifier
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DETECTION LIMITS AND RESOLUTION 35

For quick estimates one can use the following equation, which assumes a field
effect transistor (FET) amplifier (negligible ina) and a simple CR-RC shaper
with time constants τ (equal to the peaking time).
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For a given amplifier (i.e. en), noise is improved by reducing the detector ca-
pacitance and leakage current, judiciously selecting all resistances in the input
circuit, and choosing the optimum shaping time constant.

The noise parameters of the amplifier depend primarily on the input device.
Chapter 6 treats this in detail. In field effect transistors the noise current contri-
bution is very small, so reducing the detector leakage current and increasing the
bias resistance will allow long shaping times with correspondingly lower noise.
In bipolar transistors the base current sets a lower bound on the noise current,
so these devices are best at short shaping times. In special cases where the noise
of a transistor scales with geometry, i.e. decreasing noise voltage with increasing
input capacitance, the lowest noise is obtained when the input capacitance of the
transistor is equal to the detector capacitance, albeit at the expense of power
dissipation. Capacitive matching is useful with FETs, but not bipolar transis-
tors, as discussed in Chapter 6. In bipolar transistors the minimum obtainable
noise is independent of shaping time, but only at the optimum collector current
IC , which does depend on shaping time:
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where βDC is the direct current gain. For a CR-RC shaper and βDC = 100,
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Practical noise levels range from < 1 e for CCDs at long shaping times to
≈ 104 e in high-capacitance liquid argon calorimeters. Silicon strip detectors typ-
ically operate at ≈ 103 e, whereas pixel detectors with fast readout can provide
noise of order 100 e.

1.10.3 Timing measurements
In timing measurements the slope-to-noise ratio must be optimized, rather than
the signal-to-noise ratio alone, so the rise time tr of the pulse is important. The
“jitter” σt of the timing distribution

σt =
σn

(dS/dt)ST

≈ tr
S/N

, (1.37)

where σn is the rms noise and the derivative of the signal dS/dt is evaluated
at the trigger level ST . To increase dS/dt without incurring excessive noise the

66 ps
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Experimental setup @ FNAL
120 GeV proton beam
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Signal with 120 GeV Pion Beam (MIP) and 100 MHz CSA 

Analyzed with normalized threshold and polynomial fit

Energy distribution
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Timing @ MIP

With two single crystal 337 ps
Theoretical prediction  280 ps

Start with single crystal
Stop  with Poly-crystal 
568 ps 
Theoretical prediction 480 ps
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Timing vs track angle at SPS (Oct 12)  

05/12/12 G. CHIODINI - Testbeam diamonds 
1 
 

TESTBEAM GOALS 
•  Study S/N ratio as a function of 

beam angle 
•  Verify relation time resolution = 

rise-time / S/N ratio  

Diamond strip detector from INFN-DIAPIX experiment. 
•  10x10x0.5mm3 Polys-crystal 
•  4 strips 
•  1.5 mm pitch and 6.5 mm length (0.89pF) 
•  Only two strips instrumented 

Electronics and packaging not 
optimized for best timing!!! 

Commercial electronics from CIVIDEC 
•  Fast charge sensitive amplifier 
•  100 MHZ BW, 2 ns rt, 7 ns pulse width 
•  Gain=8mV/fC, noise=450 e- 

Track Angle Mean Amp 
(mV) 

Sigma(T1-T2) 
(ps) 

0 130 740 

25 127 769 

45 180 610 

65 195 428 

90 (nominal) 233 400 
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Results
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• ENC (equivalent noise charge) of about 350 electrons RMS with a 

detector capacitance of 1 pF. 

• Power consumption is 5 mW for one channel,  

• Bandwith is about 180 MHz

• Rise Time 2 ns

• better then CIVIDEC CSA in timing performances by factor 2-3
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Conclusion

A reference measuring system was setting up

Theoretical prediction are in agree with test result

Next step

Dedicated front-end electronics “closed” to detector

Boosting signal with different detector configuration (i.e staked 
detectors)
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