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CROFABRICATION)OFCON—-DETECTOR COOLING SYSTEMS

Fabrication of structures with features below the mm.
Same techniques as used for microelectronics and silicon detectors.

Novel high performance compact systems based on microfluidics.

e Detectors Based on Plastic Optical 2. Detector cooling (see detailed text of original propositions)
Scintillation Par::icbres and Microfluidics a. CO2 cooling studies for trackers (Qnnela, Catinaccio)

b. CO2 cooling studies for other detectors, like crystal calorimeters
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<. Application of nano-technologies for local cooling (Petagna)
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WHY MICROFLUIDIC ON-DETECTOR COOLING SYSTEMS ?

TEM = (AT fluid-sensor)

(power density)

approach TFM
conventional \N
nd R.EW. Pease, IEEE Elec. Dev. Letters, '\! ) ~
Vol. 2, 5, 1981 \ T Thermal conductive ledge 20
]
/ Critical thermal contact !
. (CFRP) Mechanical support (ACTE, surface of contact...)
No CTE mismatch -
. integrated

Low material budget .

Active/distributed cooling
Radiation resistance g

Great integration potential M iquid
Thermal Figure of Merit 3
SILICON SUBSTRATE bi-phase
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How DO WE MANUFACTURE SILICON MICROCHANNELS ?

» Collaborative effort between experiments (ALICE, LHCb and NAG62),
support groups (DT and ESE), and external partners (CSEM and EPFL).
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PHOTOLITHOGRAPHY LAYOUT 8” WAFER PROCESSED AT CEA-LETIL
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100 EHT = 300 kV ans
Mag= 45X }_,‘
) | WD = 1t 6mm Stageat T= 10
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CROSS—SECTION OF THE COOLING PLATES WITH EMBEDDED MICROCHANNELS
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WAFER THINNING

SILICON ETCHING
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NA62 GTK - PIONEERING MICROCHANNELS !

» 2009 - concept of micro-cooling for the GTK presented
to NAG2: https://indico.cern.ch/event/58370/ -

» 2014 - First GTK in the experiment 5,

» 2016 - Data taking with 3 GTK detectors

» 2017 - Assembly of 6 GTK modules for 2018
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4 Jordan DEGRANGE Jerome NOEL
! )& A\ ) i

Diego ALVAREZ FEITO contributed to the design of the module

The beam and detector of the NA62 experiment at CERN, Journal of Instrumentation, Volume 12, May 2017, https://goo.gl/P391U3
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LHCh VELO UPGRADE - EVAPORATIVE C05 IN MICROCHANNELS

» Primary heat source due to the VeloPix chips (~1 W/cm2)

» Sensors must be kept at -20°C

» Evaporative CO, circulates in microchannels routed directly under the VeloPix chips.

» Total power consumption > 2kW.

» 52 modules in secondary vacuum separated by primary beam vacuum by a 0.25
mm thick Al folil.

» 12 cooling plates delivered by CEA-Leti. 14 more will be delivered soon.

» Void-less soldering of connector to cooling plates procedure under development.
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SILICON THERMAL MOCKUPS

HEATER MICROCHANNEL

MICROFLUIDIC INLET

\ RESISTIVE TEMPERATURE DETECTOR
V

/ / MICROFLUIDIC OUTLET

/

INLET CAPILLARY OUTLET MANIFOLD

SOLDERING PAD
SOLDERING PAD

» Test complex silicon microchannel layouts in the
new CO; test setup at CERN.

See Paolo PETAGNA
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INTEGRATING MICROCHANNELS ON PIXEL DETECTORS =

“LOW TEMPERATURE™ WAFER BONDING BURIED CHANNELS

EPFL, FBK Cléementine LIPP. MSc EPFL, 2017
COOLING PLATE CMOS WAFER

CEA-Leti, EPFL, G-Ray

Jacopo BRONUZZI, PhD EPFL, 2018

COOLING PLATE CMOS WAFER

» Tests ongoing with blank wafers
» Embed microchannels on the backside of CMOS wafers, tests later this year.
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INTERCONNECTIVITY - DAISY CHAINING MICROFLUIDICS

Proposal by Miranda VAN STENIS
|

— ‘L\*\ 116 SS pipE LASER soLpereD 1o KOVAR

‘ (CTE 6 pPM/K)

Cu PLATING 2Tmm

/

- SNPB

/ 0.1 mm FoiL
] [ =

Au 100 NMm
NI 350 Nm

/ T 200 Nm

SILICON
(CTE 3 prm/K)

* /CO"nector » NA62 and LHCb cooling plates

» limited surfaces
» access from the side

» For larger systems we need
In-plane interconnections.

ALICE Carbon fibre
space frame

Connector

Silice e

containing y\snicon

microchannels pixel chip

( §/ |ULO’s talk.
CERN EP-DT See Corrado GARG
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SUMMARY & OUTLOOK

» Inter-disciplinary activity to develop, fabricate and operate
microsystems and microfluidic devices, involving several other
sections.

» DT provides the perfect environment for such a development.

» First application in a running experiment: NA62 GTK.

» Followed up by LHCb Velo Upgrade: fabrication of the cooling
plates and development of the soldering procedure for the

connector ongoing as part of the baseline development.

» Study of buried channels ongoing. Plans to test this on CMOS
wafers later in the year.
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