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Nanonets2Sense outline

ense

» H2020/ICT/RIA project n°® 688329 (2016-2019)

» Development of a versatile technology block
for 3D integration of nanowire-based devices above IC

» For demonstration, applications envisioned in health
and well-being
o DNA detection in body fluids
e Acetone detection in breath
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Technical context
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Principle of DNA detection (1)
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» General principle of selective DNA detection

A bio fluid contains many molecules. How to detect

| where hybridization
The target is a /\}/')\J -
specific DNA took place”

sequence —— |

Non complementary

N species are rinsed away
The fluid isW
contact with a T~ TArgetDNA IS < l\\m

functionalized surface immobilized by

complementary

Devices with covalently orobes Selective
attached DNA probes in essence
>
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Principle of DNA detection (2)

» Usual technique: DNA labelling
followed by optical detection

DNA strands are | 5 %
A

labelled with
fluorophores — N |
before analysis 4 |
c\s\)
\/ l‘\f‘\)
~ L' llluminated
regions on the
surface are those
where target INA
> has been
immobilized
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» Optical detection of DNA hybridization on SOI
ribbons and NWs

Magnification x63, zoom in x3,5

Magnification X63x_ - — o SOl devices with bagjating
7 s fabricated at KTH and
functionalized at Grenoble

INP.

NWs andibbons

Spacetransferlithography
technique

g2 6 Confocal microscopy

Fluorescence obtained whetarget DNAhybridizeso probes
Here: visible on ribbons, not on NWs (too small magnification).

M. Mouis ESSDERC 201&iNano Worskshop Nanonets2Sense

IMEP-LaHC 3-6 September 2018Dresden, Germany G.A. n.688329 Pager



Nanonets

ense

Alternative: field-effect in nanowires

» Back-gated structures

- NWFET: : 2

Current (arbitrary units)

Negative density of charge at
the surface leaves a large
current density at the top.
Threshold voltage wVis shifted

!

to more positive values.

gativ
charg at

'S

DV,, can be used to probBQ,,,

Bare
NW\
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Current density

Large current density, focused
at the bottom for \, < Vth

i
Small residual current at the
top (which decreases ag VvV
increases) foW>V,,
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Application to biosensing (1)
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» DNA detection: DNA is negatively charged
» Detection using field-effect

Immobilized target DNA
brings an additional density
of negative charges

Detection of the
related threshold
voltage shift

Voltage
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Application to biosensing (2)
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» Some metal oxides (MOXx) can have their surface
reduced or oxidized in the presence of some gases
» Usual configuration
o Resistor geometry
o Thermally activated processes
» Requires heating

» Detection : change in current / resistivity
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Possible applications
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» In health

Monitor the evolution of a tumour during medical treatment:
Dying tumours release circulating midRiNAs in blood

Detect hormones or proteins sweat:
Usingaptamers instead of DN@robes

Monitor diabetes
Thepresence of acetone in breath is an indication that the
body runs low on insulin and burns fatty acids for energy

» For well-being
e. g. sports or some diets
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Nanonets2Sense rationale
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» Develop a low cost, generic and CMOS compatible technology
to integrate semiconducting nanowires above IC (in 3D)

» Technology requirements
No annealing at temperatures above about 400
Standard lithography (no-beam)
Avoid long series of critical processing steps

Versatilityg can be used with different materials and functionalization
techniques

» Functional requirements
Field effect operation obtained with bagating
Keep the benefit ohanowiresensitivity

» The microfluidics is not integrated at this stage
Could be the topic of a followp
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Main techniques for NW integration
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» “Bottom-up” approach » “Top-down” approach

* Nanowires are grown, cut, and dispersed « Nanowires are etched into a substrate.
on a substrate (random positions). In this example nanowireme released by

« Contacts are positioned by expensive chemicaletching after trench etching into
e-beam lithography. stacked layers of Si ar®iGe

« “ Mathene a s prooess of each « Enmassefabrication but costly process.
device.

e

Source

Hahmet al. (U. Warwick) Nano Letters 2004 Buitragoet al. (EPFL) Sens. & Act. 2014
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» Based on the use of semiconducting nanonets

Nanonet

Electrode

Current pathways

GrunerG.,SCIAM 200.7

. L

Based on Based on

etched bottom-up
down NW < g ,
nanowires fabrication A

» Combination of bottom-up and top-down approaches
o See following talks by Ternonand R-E. Hellstrom
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CMOS integration

Possible to stack sensors and readout above each other
(3D integration)

Patterned nanonet

A —~——
-

Source

Sensing
device

s

N |

CMOS read-out circuit 5 = B | BEOL
and conditioning H |
electronics EEE =Em oBm e EEEmEn L ___§

¢ Back-gating available at no technological cost
¢ Interconnects between sensors and readout routed in BEOL layz
e Saves wafer areasaves cost.
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» Channel material

Nanowires obtained by other means
(e. g.catalyzedgrowth of NWs in liquid)

Nanonetsof other semiconducting materials
2D materials

» Functionalization
The functionalization process is valid for any DNA sequence
Also valid for aptamers (same chemical termination)

g Contribution to WP1 oFlagEREONVERGENCE
for the detection of hormones or proteins
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Several sensing elements can be probed in parallel

Each pixel can use a different
probe (e. g. to improve
selectivity or reduce variability)

Routing to CMOS

Gt BEOL./ | s Jll Some pixels can be used

R s O/,Wo -~ asareference (for
differential detection)

Possible application :
Detect the presence of several different molecules
that are together typical of a given disease
In order toimprove diagnostics reliability
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» Engineering of Si and ZnO nanonets for the fabrication of
functional devices (C.Ternon Grenoble INP)

» Si nanowire-based biosensors integration with CMOS
(P-E. Hellstrom, KTH)

» Characterization and modelling of nanonet-based FETs in the
presence of percolating effects (T. Cazimajou, Grenoble INP)

» Low-power readout for threshold voltage shifts detection
(S Rodriguez, KTH)

» Chemiresistors for breath analysis (C.Zulianj amsUK Ltd)
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Thank you for your attention !
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