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Ultra-thin and ultra- preuse

Increasing precision and reducmg materlal budge
Challenge for supports, cooling and services.
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First generation mock-up
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First generation mock-up
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Air flow & deformation

Vibrations induced by
air are at 200 Hz.
Finite-element
simulation of just the
petal predict 300 Hz. |

Fast Fourier

. transform of the time — 2.0 mls, v=206 Hz
Work on petal de5|g n """ series, subtracting 3.0 mis, v=202 Hz
and CF Support to | the ”0 air ﬂOW” case —— 4.0 m/s, v=206 Hz
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Air flow & deformation

IFIC
measurements
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LC thermo-mechanics of thin sensors

Thermo-mechanical performance of silicon sensors studied with
thinned mechanical samples

Study of power pulsing & air cooling very encouraging:

- Power pulsing has no impact on mechanical stability (but still without B-field!)
- Alaminar air flow in front of the disk, with a moderate speed of 1m/s, Is
sufficient to remove the nominal DEPFET heat load (assuming 1/25 duty cycle
for power pulsing, IEEE TNS 60-2-2, arXiv:1212.2160

- Air flow of greater than “a few m/s” must be avoided

The challenge is to bring in the air and establish a gentle, laminar air flow
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Micro-channel cooling, our take...

* Liquid cooling provides excellent temperature control, but is too bulky

* Industry Is exploring micro-channel cooling (and, to some extent, high
energy physics; LHCb, NA62, ALICE)

* DEPFET, with localized power dissipation and SOI process, provides an
Interesting application — integrate cooling in all-silicon ladder

* Compared to existing effort, aim at relatively high temperature, low pressure

* Keep it simple: mono-phase

* Small team at University of Bonn
MPG-HLL Munich and IFIC Valencia

* Embedded in larger effort AIDA2020
(P. Petagna CERN)
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All-silicon ladder with integrated cooling

a) oxidation and back side implant of top wafer

C rocess =» passivation
p/ Top Wafer L ) P P
l I—I Handle <100> Wafer |_| ‘ X s

open backside passivation

o [

‘ |:| Custom made SOI Wafer D | | ;EICII stop 5'102; ; : | |

b) wafer bonding and grinding/polishing of top wafer d) anisotropic deep etching opens "windows" in
handle wafer

thinned all-silicon module with integrated cooling channels

- iIntegrate channels into handle wafer beneath the ASICs

.- channels etched before wafer bonding — cavity SOI (C-SOl)
- full processing on C-SOl, thinning of sensitive area

.- micro-channels accessible only after cutting (laser)

DEPFET

Ceo
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MCC prototypes
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Micro-channel
pattern in
handle wafer

6 ladders with integrated
MCC manifolds on a wafer
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All-silicon ladder with integrated cooling

SENSOR

—~ SWITCHERS

Resistor circuits to mimic DEPFET power dissipation

Thermo-mechanical half-ladder for
the LC inner vertex detector

T
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Inlet and outlet visible after wafer cutting

-
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The interconnect challenge

>Laboratory connector
= interface to high-pressure Swagelok

>3D-printed (stereo-lithography)
15 um precision = self-aligning

>Sealed with glue (Araldite)
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Pressure test

P T
Connector and glue ' )
sealing stand 180 bars
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Experimental setup

Commercial components:
3D printed interface is the
only custom piece
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For operation above 0° gngrE%asmwn %rllg W%M
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Thermal measurements: Maximum Power vs Volumetric flow
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- Temperature stable even with power density of 25 W/cm?
« Power vs vol. flow at max. pump power (~ 3 I/h)
« Low pressure needed: 0.2 - 1.5 bar

Extremely powerful: MCC removes many times the
instantaneous with very small temperature gradient
| B

DEPFET

LCWS15, Whistler



Thermal measurements: MCC
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Thermal simulations: MCC

2 °F
‘LE i
Iy FE Simulation Hz'l:r
O E?
N -
; i o . FE Simulstion H, realistic design
L — — LY
0 - N\
— b
£ S
] —
I
2
1=
77777 G:I 1 1 1 | 1 1 1 I 1 1 1 J [ ] [ ] [ ] F I 1 1 | 1 1 1 | 1
0.2 0.4 0.6 0.8 1 1.2 1.4
Volumetric flow [I/h]
2 5taec02 R I_ t_ d . II_;""‘*\I I}f“"-x\
.030e+ | } | - Solder ball
o ealistic aesign i G — Artures

2.982e+002
2.958e+002

300 HM Si ASICS + rﬁam_;rq Al-pads

100 pm Bump-boundings
thermal resistivity of 6 W/m-K

\L- C.Marifias PhD thesis link

DEPFET

00000

LCWS15, Whistler



http://digital.csic.es/bitstream/10261/41942/1/Carlos%20Mari%C3%B1as-Tesis.pdf

Thermal measurements: MCC + air
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Cooling strategy: micro-channels running under the
front end and gentle air flow on the sensor part

Ceo

SENSOR
HOTTEST POINT

« Big difference between MCC
and MCC-+air at the sensor
area hottest point

« Nearest regions to air input
are efficiently cooled even
with low air flow

« MCC has less impact in away
points as expected and great
cooling locally DEPFET
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Thermal simulations: MCC Layouts

ANSYS

R15.0

Standard
MCC layout
AT =73 K

Standard
MCC layout +
channel below

switchers
AT =15 K
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Signal [mm]

LCWS15, Whistler

333333

Vlbratlons and deformatlons

NOfI id circulation Fluid circulation 50% (1 47I/h) Air flo w( =3m/s)

NN

130 pm

Signal mm]
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0.7 um

9.46

95 10 B 5.5 3 H K
Time [s] Time [s]

No fluid circulation Fluid circulation Air flowing
and no air flowing 1,47 I/h 3 m/s
Peak to peak of the Peak to peak of the Peak to peak of the
sighal ~0,7 um sighal ~0,1 um sighal ~130 um
RMS ~0,3 gm RMS ~0,4 um RMS ~57 pm

MCC has no significant impact on mechanical stability

DEPFET




Towards a low mass interconnection

NEW (O
%% Peek to Swagelok
P S connector

Material budget is reduced a factor ~4
1.5% XO Still largely driven by connector
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Conclusions

Measurements on mock-up and mechanical samples confirm that the
combination power pulsing + air cooling can be made to work if care Is taken to

limit the air flow to several m/s

To be done: impact of the B-field, long term stabllity, viable way to set up air flow

For localized power dissipation, up to many W/cm? with, a minimalistic micro-
channel cooling (mono-phase, low pressure) can provide excellent control and a
modest temperature increase (10°C)

To be done: miniature connector

DEPFET

Ceo
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Thermal measurements: cold water

26,670

Reunién de Seguimiento FPA2015 ILC, 26-27 Octubre CIEMAT -
Madrid
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Thermal measurements: cold water

26 6°C
s
e
ERR
Condensation problems
High humidity in the room ~ 70 % . 8.0°C
Impossible to power on the
aluminum resistances (possible
short-circuit due to the water on
the soldering)
Reunién de Seguimiento FPA2015 ILC, 26-27 Octubre CIEMAT - 27

Madrid



Thermal measurements: cold water

26,670

MCC region is cooled
189C below TRoom
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http://en.wikipedia.org/wiki/Crest_(physics)

Optimized MCC geometry

* More homogenous flow
* Reduce pressure gradients

* Minimize and confine the
heat spread

Recent geometry Optimized geometry

Reunién de Seguimiento FPA2015 ILC, 26-27 Octubre CIEMAT -
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Tests made: SW and water cooling

Power on

No cooling

5W

Micro-channel Cooling

Initial state

Water and |
DEPFET at room |
1(:1‘I‘||]c1‘31u1‘t

Cooling on

0,11 /h
water at 304 45K

_—

As shown first measurements, MCC with a flow of 0.1 I/h offers promising results

LCWS 2014 Belgrade: https://agenda.linearcollider.org/event/6389/session/4/contribution/172/material/slides/0.pdf
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Cooling strategies

Belle Il

PXD Cooling and support

structure /

Massive structures
outside the acceptance
to cool down the
readout chips

Stainless steel
Fast sintering
Coolant: CO:

Reunién de Seguimiento FPA2015 ILC, 26-27 Octubre CIEMAT -
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