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Problematic definition

Outer Cryostat support structure
To water tank

nEXO experiment

= Try to detect a neutrinoless beta-decay. e

Outer Cryostat, Dia ~4.5m

Inner Cryostat support structure

= 5 tonnes of pressurized cryogenic liquid Xenon (~165 K)
and 4.5 m? of photodection area.

HFE 7000
\ |~ Inner Cryostat, Dia ~3.4m

TPC support structure

= Scintillation light and electron generation used as event
detection.

7 TPC

The problem

= Detection module installed in the liquid Xenon.

= Scintillation light detection require low-radioactive background.

= Electron lifetime is reduced by impurities.
= Then, PCBs cannot be used.

[1] nEXO Collaboration et al., « nEXO Pre-Conceptual Design Report », 2018
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http://arxiv.org/abs/1805.11142

The Solution !

Develop a large scale silicon interposer technology that:
= Use mainly inorganic materials.

= Allow assembly on top and bottom (double sided interposer).

~ Fraunhofer

IZM

Sherbrooke-IZM partnership
= Application knowledge of Sherbrooke.

- S er
= Ft mn“of

= Fabrication expertise of IZM.

IZM is a world leading institute in
= Applied research and development.
» System integration.

, Fraunhofer 1ZM, Berlin
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Application requirements

Q Large tiles: 5 000 - 10 000 mm?.
{ Tile & cable number.
{ Auxiliary circuits number.

d Controlled impedance lines for data : 50 - 100 Q.
t Data throughput.

t Noise immunity.

d Analog lines: Low leakage, low resistivity for critical signal.

d Power Distribution Network (PDN): low impedance path.
v Power supply noise.

Application goal : Reproduce main advantages of PCBs with CMOS process
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New interposer technology: Sherbrooke/IZM architecture

A 8 ReDistribution Layers (RDL) passive interposer [ e
\ PAD NiAu:'5 pm
. . Organic = 8um
= Thick Si substrate : 600 um. METAL METAL 3
= Device CTE matching: ¢ Induced stress. J VIA ,
. . . Organic =8 um
= % Tile mechanical stiffness . METAL METAL 3 jam
. : Torganic-2pm  [—gepr—) i 0 1 um
= Inorganic material prevalence TS STy
= | Radioactive background contribution. 1| /_\\\ - |
TSV Silicon substrate
. Oroanic diclectrics for - — ™ .
Organic dielectrics for: trorganic b L PERL T T — WGl T1gm
= Increasing to 4 RDLs per side. Inorganic: 2pm  —ere— LA MIAL © o 1 pm
= Thicker conductors and insulators. _ BT VBT 3 pm
Organic.- 8 pm
. 7 VIA \
* NiAu pads:
. . _ METAL METAL 3 pm
= Au bumps + thermocompression bonding. Organic. S p /
. . PAD NiAu 5:ym
= Wirebonding. . uem &—,—
. —
E gﬁ%ﬁ%%OOKE % FraunhOfer Keven.Deslandes@USherbrooke.ca 5

1ZM



Application exemple: 8 x 8 Photon-to-Digital Converter (PDC) Tile

Silicon 3D Photodetector Tile Photon-to-Digital Converter (PDC) [1] :
[ R\ = 3D digital single photon detector.

TOP

= Developed at Sherbrooke.

= Integrated readout.

= No signal conversion.
= HV, VDD, VSS and digital I/Os.

BOT —JLI Y Silicon Photomultipler (SiPM):

= Analog signal, far from the readout.
= 2 pin device: HV and signal.
= Signal conversion for DAQ.

Developing an interposer that support mixed signal design

E UNIVERSITE DE [1] Pratte, J.-F et al. “3D Photon-To-Digital Converter for Radiation Instrumentation: 6
SHERBROOKE Motivation and Future Works”, 2021.
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https://doi.org/10.3390/s21020598

Test vehicle main structures

Design over 200 mm without stitching.

= Sheet resistivity: 14 050 squares long metal lines.

= Inter/intra-layer leakage: 0.1 mm x 50 mm metal lines.

= Short circuits: 600 intra-layer overlap per structure (287 cross/ mm?).

= Via chains: 1 900 to 15 000 interconnects per chain. z=z= | LAt
= TSV chains: 60 to 432 TSV per chain. L
Test vehicle top view, 200 mm wafer
—
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Test vehicle main structures

Design over 200 mm without stitching.

= Sheet resistivity: 14 050 squares long metal lines.

= Inter/intra-layer leakage: 0.1 mm x 50 mm metal lines.

= Short circuits: 600 intra-layer overlap per structure (287 cross/ mm?).

= Via chains: 1 900 to 15 000 interconnects per chain. e

= TSV chains: 60 to 432 TSV per chain.

Test vehicle top view, 200 mm wafer
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Test vehicle main structures

Design over 200 mm without stitching.

= Sheet resistivity: 14 050 squares long metal lines.

= Intra/inter-layer leakage: 0.1 mm x 50 mm metal lines.

= Short circuits: 600 intra-layer overlap per structure (287 cross/ mm?).

= Via chains: 1 900 to 15 000 interconnects per chain. e

= TSV chains: 60 to 432 TSV per chain.

Intralayer leakage Interlayer leakage
MX MX MY = i
| o _ _,’ MX
Test vehicle top view, 200 mm wafer
=
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Test vehicle main structures

Design over 200 mm without stitching.

= Sheet resistivity: 14 050 squares long metal lines.

= Inter/intra-layer leakage: 0.1 mm x 50 mm metal lines.

= Short circuits: 600 intra-layer overlap per structure (287 cross/ mm?).

» Via chains: 1 900 to 15 000 interconnects per chain. z=c |

= TSV chains: 60 to 432 TSV per chain.

Overlaps : Short circuits detection

MX MX MX MX MX MX

Test vehicle top view, 200 mm wafer

\
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Test vehicle main structures

Design over 200 mm without stitching.

= Sheet resistivity: 14 050 squares long metal lines.

= Inter/intra-layer leakage: 0.1 mm x 50 mm metal lines.

= Short circuits: 600 intra-layer overlap per structure (287 cross/ mm?).

= Via chains: 1 900 to 15 000 interconnects per chain.

= TSV chains: 60 to 432 TSV per chain.

Via chains : open circuits detection

MY MY
] [ ]
Via Via
]
MX

\
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Test vehicle top view, 200 mm wafer
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Test vehicle main structures

Design over 200 mm without stitching

= Sheet resistivity: 14 050 squares long metal lines.

= Inter/intra-layer leakage: 0.1 mm x 50 mm metal lines.

= Short circuits: 600 intra-layer overlap per structure (287 cross/ mm?).

= Via chains: 1 900 to 15 000 interconnects per chain. e

= TSV chains: 60 to 432 TSV per chain.

Trough Silicon Via chains : open circuits detection

MT1 MT1 TOP
B

-— e

TSV TSV

- ]
BOT

MB1 Test vehicle top view, 200 mm wafer
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Test vehicle main structures

Design over 200 mm without stitching

» Coplanar transmission lines: up to 4 cm lines.

= RF Metal-Insulator-Metal (MIM) capacitors:

= Surface mount footprints: 0201 to 2220.

= Flipchip footprints.

Ground Signal Ground

Y

S W S

Test vehicle top view, 200 mm wafer
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Test vehicle main structures

Design over 200 mm without stitching

= Coplanar transmission lines: 2 cm to 4 cm lines
= RF Metal-Insulator-Metal (MIM) capacitors:
= 125 x 125 pm? to 4 000 x 4 000 pum?

» Surface mount footprints: 0201 to 2220

= Flipchip footprints

Metal
Insulator

Metal

Test vehicle top view, 200 mm wafer
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Test vehicle main structures

Design over 200 mm without stitching.

= Coplanar transmission lines: 2 cm to 4 cm lines.

» Metal-Insulator-Metal (MIM) capacitors:
= 125 x 125 pm? to 4 000 x 4 000 pm?

=  Surface mount footprints: 0201 to 2220.

= Flipchip footprint (pad width/pitch):
o 100/200 pm (144-900 bumps).
o 225/400 pm (400 - 900 bumps).
o 280/500 pm (144 bumps).

Test vehicle top view, 200 mm wafer
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Preliminary results summary

Intralayer isolation:

Intralayer leakage

= MI: Rp max = 2.3 TQ-cm

= M2: Rp max = 4.3 TQ-cm

= M3: Rp max = 0.5 TQ-cm
Via chains : MY MY

. _ ] ]

v' 265 200 interconnects without opens V|a Via

Overlaps:

v M1-M2: 3 000 cross without short
= M2-M3: Fabrication error
v M3-M4: 2 400 cross without short

\
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IL.D2 Fabrication error

Inner Layer Dielectric 2 (ILD2) was not deposited.

Organic -8 pm

ORGANIC INSULATOR
Organic -8 pm

b _——— —

METAL 1- i sk Inor I
INORGANIC IInorqanic -2 pum | METAL I |

THERMAL OXIDE =—7
Silicon substrate
SILICON SUBSTRATE
Scanning electron microscope (SEM) image: Expected architecture
Top stack with M1 Cross showing missing ILD2

E Iél\il_ifﬁ{f{l% ID{E OOKE % F raun h ofe r Keven.Deslandes@USherbrooke.ca 1 7

1ZM

\!



IL.D2 Fabrication error

Inner Layer Dielectric 2 (ILD2) was not deposited.

Organic -8 pm

Organic -8 pm

‘ ,
Inor ——
| - Inorganic -2 ym | METAL |
INORGANIC | |
Silicon substrate

Scanning electron microscope (SEM) image:

Metal 3 directly over metal 2
Expected architecture

Cross showing missing ILD2

\
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Conclusion

Is the project viable?

= Critical part for nEXO : No detection tile = No experiment !

Main novelty of the technology: @T%E g

= Up to 10 000 mm? tiles vs 2 000 mm? commercially available.

PCB replacement in particle physics experiment
= Not a standard high-density interposer.

= Jt's an interconnection medium for particle physics experiments.

Encouraging preliminary results ! Characterization need to be pursued.

More wafers on the way.
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Sherbrooke: A team’s work

Université de Sherbrooke 1ZM Fraunhofer Collaborators
Jean-Francois Pratte Nicolas Roy Kai Zoschke Fabrice Retiere (TRIUMF)
Serge Charlebois Nicolas St-Jean Thomas Fritzsch Simon Viel (Carleton)

Luc Fréchette Pascal Gendron nEXO Collaboration

Artur Turala Philippe Martel-Dion nEXO Canada

Charles Richard Samuel Parent

Charles-Frédérick Gauthier Simon Carrier

Frédéric Nolet Tommy Rossignol

Frédéric Vachon Frédéric Vachon’s talk: Today 08h24 PDT, Photo-detectors session

Keven Deslandes Jean-Francois Pratte’s plenary talk: Tomorrow 09h25 PDT FOAK RIDGE

Michel Labrecque-Dias
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