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Large-gain (106) and fast-response detectors are 
used for time measurements: PMT, APD, SPAD, SiPM
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Timing applications of high gain photo-detectors
Timing resolution entails the accurate identification of the arrival 
time of single photons or the difference in the arrival times of a 
pair of photons

Applications in many 
scientific fields:

• high energy physics experiments
• medical imaging (ToF-PET) 
• astro-particle physics
• mass spectroscopy
• meteorology (LIDAR) 

and many more 

Timing accuracy required: hundreds of ps or possibly less

Signal pulse characteristics (PMT):
 the fast leading edge is determined by the 

charge multiplier process (avalanche,..)

 the trailing edge is related to the detector 
characteristics and to the amplifier input 
resistance

Single-photon timing resolution
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 Charge Sensitive Amplifier (CSA):    

detector charge integrated on CF

 Voltage Amplifier (VA): detector 
current converted into a voltage 
by Rin and amplified 

 Current Buffer (CB): detector 
current read-out by means of a 
low input resistance current 
amplifier

Aim of the proposed analysis: comparison among the single-photon 
time resolution performance achievable by different FE architectures

Front-end electronics: commonly used approaches

Charge Sensitive Amplifier
Time jitter evaluation

Circuit for noise estimation

 Closed loop bandwidth:

 Output Signal:

Max. slope of the output signal:

 Noise (r.m.s.):

Feq

F
W CC

CGBWB
+

=

tB

F

eff
OUT

We
C
Q

V −≅

GBW
CC

Q
B

C
Q

dt
dV

Feq

eff
W

F

eff

MAX

OUT

+
=≅

GBW
C
Cedf

B
j

C
C

e
F

eqn

W

F

eq
nno 








+=

+








+≅ ∫

∞

1
2

 

1

11
0

2

2
2

ω
σ

( )
GBWC

C
Q

CCe

F

eq

eff

Feqn
t

11
2 








+

+
≅σ

The time jitter σt is severely limited by the large value of Ceq!

Voltage Amplifier

 Output Signal:

 Maximum slope 
of VOUT(t):

 rms output noise: 

(τin = RinCeq ; τA = 1/BW)
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 GBW = Gain-Bandwidth product of the amplifier [rad/s]
 en = equivalent input noise spectral density        

[V/Hz1/2]

Current Buffer
 Output Signal:

 Maximum slope of 
the output signal:
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Simple CMOS implementation: common 
gate amplifier

Contributions to the output noise 

 M1 noise contribution in1
2=4kTγgm1 effective only at

high frequencies (Ceq acts as a short circuit)

 Current source IBIAS: negligible noise contribution (low
gm current mirror), effective only at low frequencies

 Conservative (worst case) assumption: 
• no contribution from Ibias
• in1

2 effective also at low frequencies

W
n

L

W

nLno BiRdf

B
j

iR
2

1

1 1

0
2

2
1 =

+

≅ ∫
∞

 
ω

σ

Weff

eqn

Weffm

eqn
t BQ

Ce
BQg

Ci 1
2

1
2

1

1

1 =≅σ
• Low Rin (≅ 1/gm1) and high BW

(= 1/τA = 1/RLCL) for best σt
• Same σt-expression as the VA

 A parasitic interconnection 
inductance L is always present 
when interfacing the detector with 
the front-end electronics

 A comparative study of the time 
jitter obtained using different front-
end approaches (VA vs CB) as a 
function of L is mandatory

 The circuits under comparison 
share the same input transistor 
biased at the same operating point 
(ID = 1 mA)

 The parasitic inductance L in any 
case worsens the slope of the 
leading edge of the output pulse 

 The output noise of the VA is only 
slightly affected by L

 The output noise of the CB 
decreases for increasing values of 
L, due to a noise shaping effect for 
increasing values of L

Output noise of the CB, with L=50nH 

L 
[nH]

σno (VA)
[µV]

σno (CB)
[µV]

dVOUT/dt (VA) 
[V/s]

dVOUT/dt (CB) 
[V/s]

σt (VA)
[ps]

σt (CB)
[ps]

10 4.52 3.41 8.68x104 9.01x104 52.0 37.8
20 4.82 3.15 6.21x104 6.38x104 77.5 49.4
40 5.1 2.87 4.18x104 4.26x104 122.1 67.3
60 5.24 2.71 3.22x104 3.26x104 162.8 83.2
80 5.32 2.61 2.63x104 2.66x104 201.9 97.9

100 5.37 2.54 2.25x104 2.27x104 239.0 111.8
VA vs CB: main performance parameters as a function of L

Voltage Amplifier 

Effects of the parasitic interconnection inductance

 At high frequencies, L decouples Ceq from the source of M1, 
reducing the contribution of  in1 to the output noise

 On the other hand, the presence of L slightly increases the noise 
contribution of the bias transistor which remains negligible 

 Conclusion: the CB approach exhibits better 
timing performance as compared to the VA

 In presence of parasitic interconnection inductance, 
BW as large as possible and Rin as low as possible 
are not optimal design choices for timing accuracy 

 Depending on the value of L, an optimal (Rin, BW) 
pair can be identified for a given detector

CB: design criteria for best σt in presence of L

Timing accuracy vs bandwidth for different values of Rin and L=10nH

SiPM from 
FBK-IRST

Current Buffer

Single photon response VOUT(t)

Generic read-out architecture for 
photomultipliers with leading edge 
discrimination

Hamamatsu 
H8500 PMT
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