50 ps timing
with SiIGe Bi-CMOS
monolithic

pixel sensors

Lorenzo Paolozzi
Université de Geneve

October 16, 2019

2% UNIVERSITE

) DE GENEVE Lorenzo Paolozzi VERTEX 2019




Timing with silicon detectors
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Time resolution of silicon pixel detectors

(Recommended reading W. Riegler and G. Aglieri Rinella, Time resolution of silicon pixel sensors, JINST 12 (2017) P11017)

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
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1. Geometry and fields

Sensor optimization for time measurement  means:
sensor time response independent from the particle trajectory
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2. Charge-collection (or Landau) noise

HV
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lGND ,/ lonizing particle
is produced by the non uniformity of O ewv o |
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 lind 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.

Lower contribution from sensors without internal gain
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3. Electronics noise

Once the geometry has been fixed, the time resolution depends mostly on the
amplifier performance.

Threshold

Pulse time Time

QY

Q0
Need an ultra-fast, low noise, low power-consumption electronics with fast rise time and
small capacitance. Our solution:
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High "Q single transistor preamplifier == SiGe HBT technology.
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Equivalent Noise Charge

For a fast charge integrator in BJT technology, the ENC series noise is:
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Goal: maximize the current gain b at high frequencies while
keeping a low base resistance Ry

For a NPN BJT, the amplifier current gain b can be expressed as:

Q T 7'[3 = hole recombination time in Base

T 5 -l-_ 7’{ = electron transit time (Emitter to Collector)

Large O  Minimize the electron transit time
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SiGe HBT technology for low-noise, fast amplifiers

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 :

B, / Grading of germanium in the base:
flield-assisted charge transport in the Base,
equivalent to introducing an electric field in the Base
E, /‘// short €' transit time in Base  very high Db
emitter
+ . . €
I o) smaller size  reduction of 'Y and
collector
nt Si Hundreds of GHz
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Current gain and power consumption: QiIs the key
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Current gain and power consumption: QiIs the key
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Technology choice

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
A Transistor transition frequency: I4

A DC Current gain: J

innovations
for high
performance

microelectronics
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Leibniz-Institut flr
innovative Mikroelektronik

Time digitisation
A 4 ps inverter; delay precision ~100 fs 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

A > 40GHz oscillation frequency achievable with
purely digital schematics
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Why SiGe BICMOS for signal amplification

A—Iigh fr and high b SiGe HBT allows for amplifiers with:
O Intrinsically low series noise

O fast pulse integration
O High gain
O very low-power consumption

Al\/loreover, it Is a fast growing technology
O fi = 700 GHz transistor under development

ACommerciaI VLS| CMOS foundry processes available
SiGe BICMOS Markets Served

Optical fiber Smartphones loT Devices Microwave Automotive: HDD preamplifiers,
networks Communication  LiDAR, Radar and line drivers, Ultra-high

source:  https://[towerjazz .com/technology/rf-and-hpa/sige-bicmos-platform/ Exomns) o AT

% UNIVERSITE
<72/ DE GENEVE

Lorenzo Paolozzi VERTEX 2019

13



Experimental results
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Design
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Design
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The prototype chips

2018
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