
 

ized treatments, the use of 
smaller  doses, and hopefully 
lead to a better care for the 
patients. Another example of 
application is the monitoring of 
chronic diseases with easy and 
non-invasive follow-up of the 
evolution of some key bi-
omarkers. The technology 
required for such use should 
be robust and cheap.  

T he trend towards 
point-of-care moni-

toring is growing rapidly, as a 
complement to high precision 
techniques available in central 
laboratories. The aim is to 
provide patients with the abil-
ity to have the level of specific 
biomolecules checked by a 
doctor or by a nurse, or even 

by themselves depending of the 
degree of technicity required for 
device use and measurement inter-
pretation. One example is the de-
tection of circulating micro ribonu-
cleic acid (m-RNA) strands that are 
release by cancerous tumours dur-
ing treatment. Point-of-care moni-
toring of such molecules could 
allow a more reactive follow-up of 
tumour evolution, more personal-

N anowires are known 
for their sensitivity to 

tiny variations of surface charge 
or surface potential. When they 
are contacted at their ends, 
these modifications induce a 
modulation of the current that 
flows in the nanowire, an effect 
known as the field-effect. DNA 
molecules are charged negative-
ly so that they can be detected 
by this technique. In order to 
have a specific detec-
tion, probe DNA 
strands, which are made 
to bind specifically to 
the target biomolecules, 
can be grafted before-
hand. Being fully electri-
cal, the field-effect de-
tection does not re-
quire any preliminary 
treatment, such as the 
labelling with fluores-
cent molecules. How-
ever, the concept has 
not yet moved beyond 
lab-level examples. One 
of the roadblocks to its 
scaling up is the cost of 
present integration 
techniques. As for now, 
complex etching tech-
nologies or high resolu-
tion lithography equip-
ment are required. 

Moreover, the sensing areas are 
presently integrated in the ac-
tive silicon, at the same level as 
the readout circuits, thus in-
volving long interconnects and 
large footprint, especially when 
multiplexed sensors are con-
cerned.  
The key leveraging idea of 
Nanonets2Sense is to integrate 
the nanowire-based sensor 
above the CMOS readout   
circuit using a 3D integration 

scheme that reduces the com-
plexity of the architecture. This 
is possible because the nano-
wires are shaped into a random 
network, called a nanonet, 
which can be handled easily with 
the fabrication method we use, 
and which can be transferred on 
any substrate, including a CMOS 
processed wafer or the micro 
hotplates needed for gas sens-
ing. The nanonets retain the 
main physical features of nano-

wires, including their 
ability to detect bio-
molecules by field-
effect. At the same 
time, they relax pro-
cess constraints re-
lated to nanowire 
integration, affording 
the benefit of nan-
owire sensitivity on 
CMOS without re-
sorting to nanoscale 
processing. The tech-
nique is also intrinsi-
cally versatile, being 
adapted to nanonets 
of various materials 
and functionalization 
by various biomole-
cules.  

M. Mouis,  
Project Coordinator 
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Within the Nanonets2Sense RIA project, we are exploring a 
new technology to integrate nanowire biosensors on CMOS.  
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targets a low 
cost technology 

to provide 
affordable point-
of-care devices 

for health 
monitoring or 

pre-diagnostics.  
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More details: 

Ternon et al, Adv. 
Electron. Mater. 2015, 
201500172 

The breakthrough that makes Si nanonets 
a real opportunity for electrical devices 

A ccording to  litera-
ture, the na ve 

oxide shell that surrounds 
silicon nanowires impedes 
conduc on from one to 
another touching nanowire. 
This phenomenon is the 
main limita on to the 
manufacturing of electrical 
devices based on random 
assemblies of silicon nano-
wires, also called nanonets.  
We managed to circumvent 
this barrier and patented a 
simple and efficient process 
that allowed us not only to 
overcome the above issue 
but also to stabilize nanowire
-nanowire junc ons. The 
efficiency of our process was 
verified by two means: a)  
conduc vity measurements 

of devices over me when 
stored in air; b) the micro-
structural observa on of  a 
nanowire-nanowire junc on 
by high-resolu on trans-
mission electron microscopy. 
As illustrated in figure a, the 
device exhibits an almost 
constant conductance with 

me  a er sintering by our 
process, while, without such 
sintering, a con nuous de-
crease of device conductan-
ce is obtained, down to 
values typical of an insulator. 
Figure b relates this improve-
ment to the sintering indu-
ced forma on of a silicon 
neck at nanowire-nanowire 
junc ons, which creates a 
con nuous crystalline net-
work of silicon nanowires. 
This microstructural obser-

va on demonstrates the 
undoubtable impact of our 
sintering process, which 
turns an assembly of 
juxtaposed silicon nano-
wires into a polycrystalline 
network. 
Our patented process 
combines two effects: the 
removal of the na ve oxide 
surrounding Si nanowires, 
followed by the sintering of 
the nanowire- nanowire 
junc ons by low tempera-
ture annealing (400°C). A 
key asset of this process is 
its compa bility with CMOS 
back-end of line techno-
logy. This opens a new 
route for 3D integra on of 
nanonet-based devices.  

C. Ternon 

flexible bo om-up approach 
where silicon nanowires are 
assembled into nanonets via  
liquid route and are then  
integrated into field effect 
transistors using standard 
photolithography processes 
at low thermal budget 
( ≤400°C). The Scanning Elec-
tron Microscope image of a 
silicon nanonet field effect 
transistor is shown below. 
The process is fully compa -

ble with a massive 
integra on at wafer 
scale and allows in-
corpora on in the 
back-end of CMOS 
circuits. The device 
geometry is based on 

P roposed as transducer 
for DNA field effect 

biosensing two decades ago, 
silicon nanowires have since 
a racted intense research 
effort. The scien fic communi-
ty expects silicon nanowires  to 
be at the core of next genera-

ons of label-free, portable, 
ultra-sensi ve biosensors.  
In the Nanonets2Sense project, 
we take advantage of a highly 

a back-gate configura on so 
that nanowires surface is free 
and exposed to their environ-
ment. 
As explained above,  our pro-
cess provides highly repro-
ducible, air stable and out-
standing electrical proper es 
which can compete with 
those of single nanowire de-
vices. This silicon nanonet 
field effect architecture 
opens new avenues not only 
for DNA biosensing applica-

ons, as targeted in the pro-
ject, but also for flexible elec-
tronics, and pushes the limits 
of silicon nanowire applica-

ons. 

M. Legallais 

How to fabricate a NW-based transistor 
without nanoscale processing 

Fig.a 

Fig.b 

(a) SEM image of silicon nanonet 
field effect transistor 

(b) Zoom in the channel of the 
transistor.  

More details:  

M. Legallais et al, "Toward 
the integra on of Si nanonets 
into FETs for biosensing appli-
ca ons" EUROSOI-ULIS2017,  
10.1109/ULIS.2017.7962570  
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T hanks to an in-depth experi-
mental study of ZnO nano-

wires hydrothermal synthesis, an en-
hanced fabrica on protocol was elab-
orated, allowing reproducible ZnO 
nanowires with fixed diameter 
(20nm, figure a) and controllable 

length (up to 
tens of micro-
meters) to be 
grown. The 
resul ng aspect 
ra o (length 
over diameter) 
is as high as 500 
for 10µm long 
nanowires and 
increases with 
length.  
As illustrated 
on the SEM 

image  of figure b, such a thin diame-
ter produces highly flexible nano-
wires which can be bent without be-
ing damaged. In contrast (figure c), 
most of the nanowires reported in 
the literature and all the nanowires 
commercially available are rigid, with 
a diameter larger than 40nm, which 

increases with length, resul ng in 
aspect ra os between 10 and 40. 
Fabrica ng ZnO nanowires with 
such small diameter and control-
lable length at low cost, with a facile 
process, is extremely interes ng 
from an applica on point of view as 
they are conduc ng, flexible, bio-
compa ble and highly sensi ve to 
their environment. Moreover, such 
nanowires are more robust than 
thin films in aggressive environ-
ments. Nanonets2Sense aims at 
exploring the poten al of nanonets 
of such ZnO nanowires for the de-
tec on of acetone in breath. They 
will be benchmarked against more 
standard nanopar cle-based materi-
als. Applica ons concern, for in-
stance, the monitoring of diabetes. 

F. Morisot 
 

strate (e.g., thinner and/or larger 
membranes) (ii) convec on losses 
(minimising the heated area of the 
micro-heater) and (iii) opera ng in 
pulse mode with short pulses and 
low on/off ra o.  In our patented 
process, tungsten and gold metals 
are used for the heater  and the 
top interdigitated electrodes, re-
spec vely.  Tungsten as metal layer 
is favourable in terms of its physi-
cal proper es such as high mel ng 
point, resistance against electromi-
gra on and CMOS compa bility.  
The la er is a clear advantage 
against compe tors such as pla -
num.  The CMOS process is fol-
lowed by Deep Reac ve Ion Etch-
ing (DRIE).  The resul ng ver cal 
sidewalls means that less chip area 
is required compared to aniso-
tropic etching which produces 
slant sidewalls thus using a larger 

footprint.  The DRIE  also allows 
mul -cells or array of sensors to be 
placed together on the same chip 
without a penalty in the dead area 
between the membranes.   

F. Udrea, C. Zuliani  

 

 

Schema c cross-sec on of the CMOS 
sensing technology developed by AMS 
including monolithically integrated 
device for smart driving or read-out 
circuitry.  

M etal oxide chemi-
resistors require high 

temperature for the gas chemical 
reac on to occur.  This cri cal step 
can be achieved by embedding a 
micro-heater in the centre of a 
dielectric membrane using CMOS-
based processes.  The embedment 
within the membrane ensures 
good thermal isola on by minimi-
zing heat losses.  In addi on, the 
CMOS-based process affords a 
significant reduc on of the device 
size and power consump on com-
pared to standard fabrica on pro-
cesses.  These two factors are ex-
tremely important for integra on 
within consumer electronics 
goods.  In terms of power con-
sump on the la er can be mini-
mized in three ways reducing (i) 
the conduc on  losses to the sub-

Controlled and reproducible synthesis of 20 nm-diameter 
ZnO nanowires with variable length 

CMOS-based micro-heaters 

More details: T. Demes  et al., Applied Surface Science, Vol. 410, pp 423-431 



 

ams Sensors UK Ltd 
Private limited Company 

• Micro hot plates for gas sensing 

• Demonstrator for acetone in 
breath 

 

Grenoble INP/FMNT 
Academic Lab  

• Project coordination 

• Nanonets fabrication 

• Bio-functionalization of nanonets 

• Device characterization and mod-
elling 

Contact: Mireille Mouis 
Coordinator 
Grenoble INP/FMNT  

Phone: +33 456529535 

Mail : contact@nanonets2sense.eu 

Nanonets2Sense develops a new technological approach 

for the 3D CMOS integration of label-free sensors for 

medical applications. 
This technology is based on nanonets, another name for 

random networks of nanowires. Indeed, nanonets fea-
ture all the advantages of thin crystalline nanowires in 

terms of electrical properties, while being suited to the 

fabrication of devices by standard, low-cost, microelec-
tronic technologies. 

Two model molecules will be used to evaluate the po-
tential of this technology for applications like breath 

analysis for diabetes monitoring, and circulating tumour 

DNA detection for cancer monitoring. While the poten-
tial applications are clinical, the research carried out in 

the project is technology focused. The project coordina-
tor FMNT is already making and studying nanonets. 

Now the researchers must determine whether the na-

nonets can be integrated onto CMOS circuits in a way 
that meets stringent compactness, efficiency, and cost 

demands.  

Nanonets2Sense Project 

Consortium 

Nanonets2Sense is an EU Horizon 2020 
Research and Innovation Action (RIA) Feb. 
2016 - Jan. 2019 which has received funding 
from the European Horizon 2020 
Programme under grant agreement 
n°688329. 

www.nanonets2sense.eu 

Kungliga Tekniska Hoeg-
skolan 

 Academic Institute 

• CMOS compatible process 
development 

• Circuit design 

• Demonstrator for biosen-
sing 

 
ams AG     

Large Foundry 

• Wafers fabrication with ded-
icated CMOS readout 

• Exploitation of results 
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A strong consortium, with partners of perfectly complementary expertise, has been built. It includes two academic 
partners (FMNT in France and KTH in Sweden), a foundry and large company in the field of sensors (ams AG in 
Austria), an SME working on gas sensing (ams Sensors UK Limited), and the European Sinano Institute. 

SINANO Institute   
European Nanoelectronics  

Association 

• Management  

• Dissemination 
       


