Microsystems Engineering

Alessandro Mapelli
DD Section Meeting, 27 November 2015

*¥novel types of detectors
* monolithic silicon pixel detectors obtained by low temperature bonding
* microfluidic scintillation detectors

* alternative approaches to on-detector services
* sllicon microchannel cooling

* micro-engineered solutions for particle detectors
* microfluidic connections and interconnections
* silicon fracture mechanics



2 i a® hras . ' ! X
[ // 'ac de Joux R / 3 Echallens ¢ Ursy Sales Hu
® )

i ' Cossona -Ville BU'
/ < Le Chenit : y
\ i . ,
N\ leB L
N\ e Brassus -~
andvaux ’ ' :
\ Moléson
. N ’ Le Moléson
Parc natwel . o
torbier Bois-dAmont /9 Biereld T e
i - o JV & VEULKMNS :a 2 " "4 » H H Al l Dt ,‘..?
Morez N ' ‘ o =,
Gimel ‘Haut-lnt)
U e ‘ .
Les.Rousses s / -
‘:' T — -~ -/ < r ’
ZEmancn 9 & SN Gilly Lolle™ Geneva; Veveyiaionay ES ¢
: St-Cergue g % o ASY \X 4
o e - b -
e, \ '_ , 1.; s ‘.{' l'ac.d
e RS Gland I'Hong:
/ Gingins S LERE 1 | :
7 AT A "’f Evian:zles-Bains® :
/ 0 oS .- : 4
/ AR b ‘2 ,’/ &R
,/ g = S Voriee Thonon-les-Bains s s
X e ; 4
\'52( Divonne- |€;3f nss g K .Amhy-sur‘;Léman o Bernex " Comettes 3 * /
| 2.y Chavannes:de:Bogis ' e 'Allinges Lyaud b 5 deBase ,; Ley"sp
- S Sciez '
/ | : ' Vacheress 3 Ie'
N | 'Ollon
: \ F a2 | \ ' Abondar‘ce . II\\\b
oA S . a o ATV 4 ollombe
‘ Bons:en-Chablais ¥ Biot ol Chatel 7 y .
\e Bellevaux» Monthe

\_'_'y Bex

Saint-Jean-d'Aulps Morgmc

quus NBthﬂS Sl o \
& L A S Saint- Maunce

Satlgnyb

‘\' f/.

Microsystems arelnvestlgated since 2010 in the CERN Physics Department (PH) by
the Detector Technologies Group (PH-DT) in close collaboration with the EPFL

Microsystems Laboratory (LMIS4).

@ Alessandro Mapelli
bl PH-DT Detector Technologies

DD Section Meeting, 27 November 2015



monolithic detectors obtained by
low temperature bonding

Jacopo Bronuzzi, PhD Student
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microScint - microfluidic scintillation detector
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*Low material budget - Thin microfluidic device
*High spatial resolution - Photolithography patterning
*|ncreased radiation resistance - Circulation (and renewal) of detecting medium

photodetectors

scintillating light

liquid scintillator OUT
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Single layer and doubler layer

microScint fabricated in silicon or SU-8
Pietro Maoddi, EPFL PhD Thesis No. 6620 (2015)

https.//infoscience.epfl.ch/record/2088307In
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https://infoscience.epfl.ch/record/208830?ln=fr

microScint - microfluidic scintillation detectors

*Single layer and doubler layer devices fabricated
in silicon or SU-8
* Pietro Maoddi (PhD, 2012-2019)

* 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 (intermnship)
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microCool - silicon microchannel cooling

Microscopic " L Front (circuit) Side I
Channels w TC of IC Substrgte
for Coolont

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

Si detector

bump bonds

read-out chips

Thermal interface

silicon substrate
embedded microchannels
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*No CTE mismatch

* Low material budget

* Active/distributed cooling
* Radiation resistance

* Great integration potential



CERN
\ Bulletin

AWAKE starts the equipment
installation phase

LHC Run 2 - reaching the top of the
learning curve

LHC Report: a very productive hiatus
A very cool cooling system <

The new young face of the Pension
Fund

Researchers’ Night 2015: exploring
science in movies, comics, poetry and

games o
Road safety: take it seriously
CERN servers go to Mexico

CALET docked on the ISS

From the CERN web: LHCb, ATLAS,
ILC and more

Computer Security: your car, my
control

Ombud’s Corner: stuck in conflict -
why me first?

Maurizio Lo Vetere (1965 - 2015)
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A VERY COOL COOLING SYSTEM

The NA62 Gigatracker is a jewel of technology: its sensor, which delivers the time of
the crossing particles with a precision of less than 200 picoseconds (better than similar
LHC detectors), has a cooling system that might become the precursor to a completely
new detector technique.

The NA62 Gigatracker (GTK) is composed of
a set of three innovative silicon pixel
detectors, whose job is to measure the
arrival time and the position of the
incoming beam particles. Installed in the
heart of the NA62 detector, the silicon
sensors are cooled down (to about -20

B s r degrees Celsius) by a microfluidic silicon
The 115 metre long vacuum tank of the  device. “The cooling system is needed to
NA62 experiment. remove the heat produced by the readout
chips the silicon sensor is bonded to,”
explains Alessandro Mapelli, microsystems engineer working in the Physics
department. “For the NA62 Gigatracker we have designed a cooling plate on top of
which both the silicon sensor and the readout chip are bonded.”

DD Section Meeting, 27 November 2015
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VERY COOL COOLING SYSTEM
CERN GCERN _ " Re NA62 Gigatracker is a jewel of technology: its sensor, which delivers the time of
What's so cool about this? L ) . . . . o
crossing particles with a precision of less than 200 picoseconds (better than similar
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a set of three innovative silicon pixel
detectors, whose job is to measure the
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The NA62 Experiment at CERN
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Keeping cool: Innovative cooling system for silicon.detectors
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— Inner Tracking system Upgrade

Andrea Francescon, PhD Student, now Fellow
. Tiago Morais, MSc Student
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s|licon fracture mechanics

with PH-DT-EO
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Applied Displacement, 5 (um)

_ , _ , FEA parametric studies
3-point bending and 4-point bending tests
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