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Microsystems Engineering

novel types of detectors

monolithic silicon pixel detectors obtained by low temperature bonding 
microfluidic scintillation detectors 

alternative approaches to on-detector services

silicon microchannel cooling 

micro-engineered solutions for particle detectors

microfluidic connections and interconnections 
silicon fracture mechanics
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Microsystems are investigated since 2010 in the CERN Physics Department (PH) by 
the Detector Technologies Group (PH-DT) in close collaboration with the EPFL 
Microsystems Laboratory (LMIS4).
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monolithic detectors obtained by 
low temperature bonding
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Jacopo Bronuzzi, PhD Student

direct bonding of silicon to 
silicon at CMOS-compatible 
temperatures

manufacture devices

investigate the charge 
collection efficiency across the 
bonding interface

ALICE ITS pixel technology

P. Riedler, CERN for the ALICE collaboration 17

MAPS produced in CMOS 0.18 µm process by 
TowerJazz

• Deep p-well allows to have PMOS and NMOS 
inside the pixel cell

• Small collection n-well Æ small capacitance

• High resistivity epi layer – tested various 
thicknesses

• Chip size: 15 mm x 30 mm, thinned to 50 µm

• Pixel pitch ~ 30 mm

• Spatial resolution < 5 mm

• TID: 2.7 Mrad (IB, layer 0) 

• NIEL: 1.7 x 1013 1 MeV neq cm-2 (IB, layer 0) Cluster Signal [ADC]
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microScint - microfluidic scintillation detector

Low material budget - Thin microfluidic device

High spatial resolution - Photolithography patterning

Increased radiation resistance - Circulation (and renewal) of detecting medium
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pietro maoddi

photodetectors

electrical pulse

particle

liquid scintillator IN

liquid scintillator OUT
scintillating light
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Single layer and doubler layer 
microScint fabricated in silicon or SU-8
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Pietro Maoddi, EPFL PhD Thesis No. 6620 (2015)
https://infoscience.epfl.ch/record/208830?ln=fr

Silicon SU-8
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microScint - microfluidic scintillation detectors

Single layer and doubler layer devices fabricated 
in silicon or SU-8


Pietro Maoddi (PhD, 2012-2015)  

Integration of photodetectors in microfluidic 
scintillation channels


Rosalia Moreddu (MSc Thesis 2015, now COAS) 

Microchannels embedded in substrates with good 
optical properties (PMMA microchannels)


Jacopo Bronuzzi (MSc Thesis, 2015) 
Luca Muller (internship then MSc Thesis in 2016) 
Ruben Ricca (internship)
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microCool - silicon microchannel cooling

No CTE mismatch

Low material budget

Active/distributed cooling

Radiation resistance

Great integration potential
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IBM Research - Zurich

Liquid Cooled Integrated Micro-channel Heat SinksLiquid Cooled Integrated Micro channel Heat Sinks
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Tuckerman D.B. and Pease R.F.W., IEEE Elec. Dev. 
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Letters, Vol. 2, 5, 1981.

Tuckerman and Pease, IEEE Elec. Dev. Letters, Vol. 2, 5, 1981

Si detector

read-out chips

Thermal interface

bump bonds

silicon substrate
embedded microchannels
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microcooling is going viral
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microcooling is going viral
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https://www.youtube.com/watch?v=miJbB9MTwzU
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LHCb VeLo Upgrade
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ALICE Inner Tracking System Upgrade
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2. Objectives and Aims 
 

The present work was carried out in the framework of the development of a silicon 
microchannel-based cooling solution for the ALICE ITS. In order to illustrate the objectives 
and aims of the work, an overview of a stave (i.e. the basic subcomponent of the ITS) 
including such a cooling solution is shown in Figure 5. Basically, it is composed of silicon 
chips (used to track the particles resulting from collisions) glued to a silicon frame containing 
microchannels. A coolant is supplied to the microchannels through a connector, and a 
carbon fibre structure stiffens the assembly (further details on the layout of the stave are 
given in section 3). 

 

 

 

 

 

 

 

 

 

The three major objectives of the project as defined initially are the following : 

i. Develop, fabricate and characterise the “micro-to-macro” fluidic connectors for 
the inlet/outlet of the microchannel cooling system for the ALICE ITS upgrade. 

ii. Fabricate a mechanical prototype of the stave (including carbon fibre space 
frame), and characterise its mechanical behaviour. 

iii. Contribute towards the thermal characterisation of the microchannel cooling 
system (dummy chips fabrication and tests). 

The corresponding work plan is shown in Appendix I. 

Overall, this work aims to contribute to the development of a functional silicon 
microchannel-based cooling system, compatible with the layout and operational 
requirements of the future ITS detector. In particular, the essential contribution of this work 
is the development of the connector, which is crucial to transfer the silicon microchannel-
based cooling system from prototype to operational status. 

Figure 5 : Exploded-view of a stave for the ALICE ITS, including a silicon microchannel-based cooling system. 

Andrea Francescon, PhD Student, now Fellow 
Tiago Morais, MSc Student
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silicon fracture mechanics
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embedded microchannels for pressure tests

3-point bending and 4-point bending tests

silicon samples obtained with different etching 
methods (RIE, DRIE, KOH)

SEM images analysis of rupture samples.

FEA parametric studies

with PH-DT-EO


