O
y &
o

« ;

/

“Instrumentation

International Conference on Technology
and Instrumentation in Particle Physics

as enabler of Science”

W

Alessandro MAPELLI

/

ilia ROSSI

Cec

/

Andrea CATINACCIO

Jordan DEGRANGE
Giulia ROMAGNOLI, Pietro MAODDI

/

iego ALVAREZ FEITO

D

PH-DT

Detector Technologies

CERN

\




BE Beams

EN Engineering

FP Finance and Procurement
GS General Services

HR Human Resources

IT Information Technology
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TE Technolgy
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AGS : Administration and General Services

ALICE : A Large lon Collider Experiment
ATLAS : A Toroidal LHC Apparatu$
CMS : th

L v

EDU: Edu
ESE : Electronics System for Experiments group
LCD : Linear Collider Detector |

DI: Detecior Infrastructure
DD: Detector Development

EM1: Engineering & cs 1
EM2: Engineering & Mechanics 2
TP: Technology & Physics

LHCb : The Large Hadron Collider Beauty experi?nent

SFT : SoFTware design for experiments group
SME : Small and Medium Experiments team

TOTEM : TOTal cross section, Elastic scattering and

diffraction dissociation Measurement at the LHC
TH : THeoretical physics unit
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smicroScint
development of a microfluidic scintillation detector

smicroCool
implementation of microfabricated on-detector cooling systems

smicroHell
study of heat transter of superfluid Hell in microfluidic networks

smicroSystems engineering
microFabrication
integration of microfabricated devices in detectors

development of a methodology to estimate the mechanical
performance of (silicon) p-devices
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NINE—AxiIs MEMS
- GYRO + ACCELEROMETER + COMPASS

lab-on-a-chip

1999
DNA MICROARRAY
EX. AFFYMETRIX

1988
ELECTROSTATIC MOTOR
UC—BERKELEY

microfluidics

1977
INKIET NOZZLE
IBM-HP

OPTICAL SWITCH
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2002

microelectronics l
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DicitaL MIRRORS DispLAY
[TEXAS INSTRUMENTS

et 1996
L1GA MicroOptoElectroMechanical Systems
: W. EHRFELD
‘o S 1982
. 2 H. NATHANSON
> 1967
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Bulk micromachining

mechanical structures are etched in the substrate

Surface micromachining

layers of material are deposited on the substrate, patterned

and selectively removed

Substrates

round wafers 37, 47, 6”, 8", 12”...
Silicon, SOI, glass, GaAs, SiC, Ge, polymers...

Si ingots and wafers

Flexible substrate
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Mask Set

Deposition

> Lithography

!

Etching
‘a.

Fackaging

http://www.electronicproductsktn.org.uk, 2007
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PARTICLE

LIQUID SCINTILLATOR IN

PHOTODETECTORS

ELECTRICAL
PULSE

SCINTILLATING LIGHT
LIQUID SCINTILLATOR OUT
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(SURFACE MICROMACHINING)

SILICON SUBSTRATE

SINGLE PHOTOLITHOGRAPHY STEP TO DEFINE THE CHANNELS
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SINGLE PHOTOLITHOGRAPHY STEP TO DEFINE THE CHANNELS
(SURFACE MICROMACHINING)

PHOTORESIST SPIN COATING
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(SURFACE MICROMACHINING)
TIPP, Amsterdam, 4 June 2014

MASK ALIGNMENT

SINGLE PHOTOLITHOGRAPHY STEP TO DEFINE THE CHANNELS
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SINGLE PHOTOLITHOGRAPHY STEP TO DEFINE THE CHANNELS
(SURFACE MICROMACHINING)

UV EXPOSURE
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UV EXPOSURE

(SURFACE MICROMACHINING)

SINGLE PHOTOLITHOGRAPHY STEP TO DEFINE THE CHANNELS
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DEVELOPMENT

(SURFACE MICROMACHINING)

SINGLE PHOTOLITHOGRAPHY STEP TO DEFINE THE CHANNELS
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(SURFACE MICROMACHINING)
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METALLIZATION

SINGLE PHOTOLITHOGRAPHY STEP TO DEFINE THE CHANNELS
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SINGLE PHOTOLITHOGRAPHY STEP TO DEFINE THE CHANNELS
(SURFACE MICROMACHINING)

DICING

9

Alessandro MAPELLI

TIPP, Amsterdam, 4 June 2014

Detector Technologies

PH-DT

%)



1 12.8 pm

10

Alessandro MAPELLI

TIPP, Amsterdam, 4 June 2014

A4

Detector Technologies( T

PH-DT

)



olastics ~microScint microScint

SU-8 Au-coat Silicon Al-coat

light yield

9 pe/mmé




layer 150 pm
pe
pe/mm

- X = position

X
— photodetector array 1.
6.

Y layer 150 pm | - positior (;

0.9 pe photodetectorarray

6 pe/mm
- v
Y
X
MICROFABRICATED SCINTILLATION DETECTOR
WO PatenT 2013167151 A1, 2013
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Imis4.epfl.ch

«Double layer (XY) microfluidic device
EPFL Microsystems Laboratory (

sSiPM readout

INFN, Roma
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H photodiodes in the microfluidic channels
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EPFL PVLAB (pvlab.epfl.ch)
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http://lmis4.epfl.ch
http://pvlab.epfl.ch
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DETECTOR

Great effort required for microfluidic connec
PARTICLE

L

UMP BONDS
AT AT T T XN XN XXX XXX XX 4/8

sLow material budget

«No CTE mismatch
«Active/distributed cooling

sIntegration potential

ELECTRONICS

<
" ——— THERMAL

<

INTERFACE

<

MICROCHANNELS \

SILICON COOLING

(eg Silicon)

Floircuit) Side

- :r.nrl

Miﬂfﬁﬁﬂﬂ-;}l =
chonnels

of IC Substrote

for Coolont

D.B. Tuckerman and R.F.W. Pease, IEEE Elec. Dev. Letters, Vol. 2, 5, 1981
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sIn October 2014, the Gigatracker pixel detectors will be the first detectors to be cooled with silicon microchannels.

sLiquid C,F., will circulate at -20°C in a 130 pm thick silicon plate with microchannels (200 pm x 70 pm).

Veto
Photons and Muons

Hadron Beam
800 MHz

J/ CHANTI H' m

rt Identification

I

' %"""‘"-'-'-'-'-‘-'::.: ---- ' 3
Kaon identification |
SRR NN ATE I
RICH 7\ LKR MUV
~N 7 STRAW
Fiducial Region 65m Tracker s
\ y
R
................ . Total Length 270m

support and alignhement structure\

139 MM thick Silicon substrate
with microchannels

Cooling plate

Readout chip
(12 x 20 mm), heat production
ca. 3.2W per chip (2 W/cm?)

single GTK station

Sensor, silicon pixels
(30 x 60 mm)
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inLens  Date :17 Apr 2013 EPFL-C\
fluidic inlets

Alessandro MAPELLI

Signal A

= 3.00 kv

EHT
280 pm deep

N

distribution manifolds

hannels
200 x 70 pm |
pitch 400 pm

MICrocC

TIPP, Amsterdam, 4 June 2014
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Vapor

Outlet

Inlet

Inlet restrictions

30 x 60 pm

W//// \ //
NN

HCAL

ECAL

Magnet

cooling substrate retracted

3 ASICs per sensor

from module tip

Enthalpy
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Transition from inlet restrictions
to evaporative microchannels
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Baseline solution for mechanics and cooling developed by Corrado GARGIULLO et al.

270 mm

(72
c
(®)
=
O
o
c
c
(o)
O
|
)
e
=
()
(2]
B
LS
P2

*  Outer layers

Middle layers

FLUID PATH

270mm

4
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MONOLITHIC PIXEL
DETECTOR

Option 1
cooling pipes

ASIC + Sensor

m

50 um

Si1 50 vm

"L A")

Kapton-al Cable

Option 2
Si cooling plate

| WAFERS

-

Y

BUMP BONDING

THINNING BACK

EpPI + CMOS Si1 50 vm

OXIDATION

Option 3
embedded cooling channels

DIRECT BONDING

Pl + CMOS

THINNING

..

THINNING TOP

Si1550 vm
TOTAL

ETCHING sot WITH
EMBEDDED CHANNELS .
e lots of issues to be addressed
with industrial partners
A. MaPELLI, L. Musa, P. PETAGNA, P. RIEDLER, 2011
PH-DT
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How SOl wafers are made

[From P. N. Dunn, Solid State Technol., October, 32-35 (1993). Copyright 1993 PennWel Publishing Company, with permission. ]

Many dfferent siicon-on-insulator mate-
rials have been developed over the years,
but two are currently being used for IC
production: SIMOX (Separated by
iMplanted OXygen) and bonded walers.
In the SIMOX process, a standard sil-
con wader is implanted with Qxygen Jons.
and then annealed at high temperatures;
the oxygen and silicon combine to form
a glicon oxide layer beneath the waler
surface. To minimize wafer damage, the
oxygen is sometimes implanted
in wo or more passes, each

wiches between. One of the walers Is
then ground to a thickness of a few
microns using a mechanical tool.
Because advanced devices requre an
even thinner layer, more silicon must be
removed. The wafer may be etched with
a confined plasma, between 3 and 30 mm
wide, which is stepped across the waler
surface, A Hilm thickness map is made for
each waler and used to compute the
dwell time for the plasma eicher at each

stop. The process can be repeated for
additional precision. Siicon thicknessoes
of a litte as 1000 to 3000 A, with total
thickness variation of 200 A have been
achieved. IBM has also developed an
etch-back process for bonded wafers.

Bonded walker production
Bulk Si waler

followed by an amneal. The
oxide layer's thickness and
depth are controlled by varying
the energy and dose of the
mplant and the anneal temper-
ature. In some cases, a CVD
process is used 1o deposit add-
tional siicon on the top layer.

[ =]

SIMOX wader producson

Process flow

Oxygen

The bondac yater process
starts with an ox yer of the
desired thickness (typically

0.25 10 2 microns) being grown
on a standard silicon waler.

M_

Sikcon

That waler is then bonded at
high temperatures 10 another
waler, with the oxide sand-

Alessandro MAPELLI
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Thermal Behaviour

N

TIPP, Amsterdam, 4 June 2014

Structural resistance

ks

o9

e

®

c

ol

%/y///////, R
\ — S
0O 3

[

s

)



MCROBAR
SPRINKHAANTIF - &

1,50 SR 4,0c
MEELWORMLOF MYA
250 3y00R 6,00

WisT JEDAT7 B S| T

- DE VN HET ETEN VAN INSEC- ~ . .
TEN ACTIEF PROMooOT ? 3 ’ -2 MILIARNMENSEN AL e

= )E 80 7. VAN EEN SpRINKNAW + 3B ETEN Op REGELMATICE BARS?
WAN ETEN EN MAAR (0% VAN EFp P T— . o « INSECTEN NET 20 Vo£p zam
KOE ? b . ez il ‘ 4 zsg ALS EENBEFSILap?

= MEELWORMEN VooR MEER DAN N . ' e A - 75 % MR (0 wSTOTEN |
507 vir PROTEINE BESTAAN? . 3/ ool b e | EENBEETE NAAR NOCTES

: 2 . SMAKEN?

— ONZE LOEMPIA HEEL LEKKER1S

D s O g

- - r ¥
P e e i
vt Tud Wody $ M g 3 et A D e :

\

Alessandro*M




