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Timing with silicon detectors
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Time resolution of silicon pixel detectors
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What are the main parameters that control the time resolution of 

semiconductor detectors?

1. Geometry & fields

2. Charge collection (or Landau) noise

3. Electronics noise

▐▄

Ὅ
ὠ

(Recommended reading W. Riegler and G. Aglieri Rinella, Time resolution of silicon pixel sensors, JINST 12 (2017) P11017)
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1.  Geometry and fields
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Sensor optimization for time measurement means:

sensor time response independent from the particle trajectory

ñParallel plate òread out: wide pixel w.r.t. depletion depth 

GND
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Scalar, saturated
Scalar, uniform

Induced current for

a parallel plate readout

from Shockley-Ramoôstheorem:

ÅUniform Ramo field (signal induction)

ÅUniform electric field (charge transport)

ÅSaturated charge drift velocity
Desired features:
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2.  Charge-collection (or Landau) noise
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is produced by the non uniformity of 

the charge deposition in the sensor:

When large clusters are absorbed at the electrodes, their contribution is removed from the

induced current. The statistical origin of this variability of I ind makes this effect irreducible in

PN-junction sensors.
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2.  Charge-collection (or Landau) noise
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Charge collection noise represent s an intrinsic limit to the time resolution 

for a semiconductor PN -junction detector.

~30 ps reached by present LGAD sensors.
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Gain

Lower contribution from sensors without internal gain

N. Cartiglia et al., NIM A 924 (2019) 350-354  
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3.  Electronics noise
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Once the geometry has been fixed, the time resolution depends mostly on the 

amplifier performance.

Pulse time

Threshold

Time

Need an ultra-fast, low noise, low power-consumption electronics with fast rise time and 

small capacitance. Our solution:

High Ὢ, single transistor preamplifier             SiGe HBT technology.
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Equivalent Noise Charge
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For a fast charge integrator in BJT technology, the ENC series noise is:

Goal: maximize the current gainɓat high frequencies while 

keeping a low base resistance Rb

Ὁὔὅ ᶿ Ὧẗ
ὅ
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For a NPN BJT, the amplifier current gain ɓcan be expressed as:

‍
Ὥ

Ὥ

†

†

†p = hole recombination time in Base

†t = electron transit time (Emitter to Collector)

Large ɓ Minimize the electron transit time
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SiGe HBT technology for low-noise, fast amplifiers
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In SiGe Heterojunction Bipolar Transistors (HBT) the grading of the bandgap in the

Base changes the charge -transport mechanism in the Base from diffusion to drift :

Grading of germanium in the base:
field-assisted charge transport in the Base, 
equivalent to introducing an electric field in the Base 

short eïtransit time in Base very high ɓ

smaller size reduction of Ὑ and very highὪ

Hundreds of GHz
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Current gain and power consumption: Ὢis the key
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Ὢ ρπὋὌᾀ Ὢ υπὋὌᾀ Ὢ ρππὋὌᾀ

‍ ὥὸςππὓὌᾀ υπ ςυπ υππ

‍ ὥὸρὋὌᾀ ρπ υπ ρππ

‍ ὥὸυὋὌᾀ ς ρπ ςπ
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Current gain and power consumption: Ὢis the key
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Ὢ ρπὋὌᾀ Ὢ υπὋὌᾀ Ὢ ρππὋὌᾀ

‍ ὥὸςππὓὌᾀ υπ ςυπ υππ

‍ ὥὸρὋὌᾀ ρπ υπ ρππ

‍ ὥὸυὋὌᾀ ς ρπ ςπ

Trade-off: ENC Power Consumption

Ὢ ρππὋὌᾀtechnologies are necessary for 

a fast amplification of silicon pixel signals.
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Technology choice
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Time digitisation :

Å4 ps inverter; delay precision ~100 fs

Å> 40GHz oscillation frequency achievable with 

purely digital schematics

We were able to design a TDCs

with a time binning down to 4ps and power 

consumption of few tens mW/ch

with simple architecture   

Exploit the properties of state-of-the-art SiGe Bi-CMOS transistors to produce an 

ultra -fast, low -noise, low -power consumption amplifier

Leading-edge technology:  IHP SG13G2
130 nm process featuring SiGe HBT with

ÅTransistor transition frequency:  █◄ Ȣ╣╗◑

ÅDC Current gain: ♫
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Why SiGe BiCMOS  for signal amplification
ÅHigh fT and high ɓSiGe HBT allows for amplifiers with:

ỎIntrinsically low series noise

Ỏfast pulse integration

ỎHigh gain

Ỏvery low-power consumption

ÅMoreover, it is a fast growing technology

Ỏft = 700 GHz transistor under development

ÅCommercial VLSI CMOS foundry processes available
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source:      https://towerjazz .com/technology/rf-and-hpa/sige-bicmos-platform/
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Experimental results
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The prototype chips
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For generic

timing R&D

For a 

silicon 

TOF-PET

Project

TT-PET

2016 2017 2019

2018 2019

Design

submitted:

Design

submitted:


