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Abstract: Present work reports the fabrication process and functional gas sensing tests of a 100 nm-
gap fingers DiElectroPhoresis (DEP) functionalized MOX (Metal OXide) gas sensor array for VOCs
detection at low temperature. The Internet of Things (IoT) scenario applications of the chemical
sensing-enabled mobiles or connected devices are many ranging from indoor air quality to novel
breath analyser for personal healthcare monitoring. However, the commercial MOX gas sensors
operate at moderate temperatures (200400 °C) [1], and this limits the mobile and wearable gadgets
market penetration. Nanogap devices may represent the alternative devices with enhanced
sensitivity even at low or room temperature. A nanogap electrodes MOX gas sensor array
functionalized with 5 nm average size SnOz nanocrystals with positive dielectrophoresis technique
is presented. The single sensor active area is 4 x 4 um?2. The devices exhibited about 1 order of
magnitude response at 100 °C to 150 ppm of acetone.
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1. Introduction

In the recent years, the IoT revolution offers new opportunities to explore specific applications
with the support of mobile phones and wireless connected devices. However, the MOX sensors (e.g.,
SnO: thick or thin film devices) operate at 200 °C—400 °C [1], and several methods have been
developed to lower the operative temperature, such as noble metal doping or UV-VIS light activation
[2]. Considering the large market interest in gas sensing technologies for mobile phones and portable
devices, detection at low power consumption and low concentrations are driving challenges for
nanogap and microfabricated devices [3-7]. Up to now, there are few studies on the detection of
volatile organic compounds (VOCs) with nanogap devices for air quality and personalized health
monitoring. To this aim, acetone represents one of the most common VOCs widely used in the
industry and it is a selective breath marker for diabetes monitoring; thus a cheap detection method,
like ultra-low power MOX gas sensors may be strategic in the follow-up care of diabetic disease.

Present work reports the fabrication process and functional gas sensing tests of a 100 nm-gap
fingers DiElectroPhoresis (DEP) functionalized MOX (Metal OXide) gas sensor array for VOCs
detection at low temperature. The Internet of Things (IoT) applications of the chemical sensing-
enabled mobiles or connected devices are many and have been attracting a growing attention from
retail market players. However, the commercial MOX gas sensors operate at moderate temperatures

Proceedings 2018, 2, 1027, doi:10.3390/proceedings2131027 www.mdpi.com/journal/proceedings



Proceedings 2018, 2, 1027 20f4

(200400 °C) [1], and this aspect limited the mobile and wearable gadgets market penetration.
Nanogap devices may represent the alternative devices with enhanced sensitivity even at low or
room temperature. A nanogap electrodes MOX gas sensor array functionalized with 5 nm average
diameter SnO:2 nanocrystals with positive dielectrophoresis technique was fabricated. The single
sensor active area is 4 x 4 pm?.

2. Materials and Methods

Present work proposes a complete MEMS fabrication process for a metal oxide gas (MOX) sensor
array (4 devices) on Si substrate realized with e-beam lithography process for Ti/Pt (5/85 nm)
interdigitated electrode; gold micrometric electrode for bonding pads were realized on platinum
contact for final package. The single sensor active area is about 4 x 4 um?, while the area of whole 4-
sensor array is 50 x 50 um? (Figure 1). The nanogap sensors were functionalized with SnO:
nanocrystals (NCs) (5 nm average diameter) synthesized by sol-gel precipitation and dispersed in
pure hexane with optimized NCs concentration; the DEP (DielEctroPhoresis) technique was adopted
to increase the concentration of tin oxide nanoparticles between the fingers electrodes applying
different AC electric field (8.0 and 10.0 Vpp, 100 KHz), followed by 1 uL NCs solution dropping onto
fingers area up to complete evaporation of solvent.

Figure 1. Fabricated MOX sensor array onto silicon substrate (left), SEM image of the single nanogap

device with embedded heater and thermometer (right).

3. Results and Discussion

Different sensors with different solution concentrations and applied DEP fields were produced
and measured at different acetone concentration in dry air and low temperatures (up to 100 °C). A
preliminary investigation about the current-voltage characteristic of the devices was performed, in
order to assess to nano-fingers functionality and lack of electrical shorts among them. The SEM
investigation confirmed the localization of nanoparticles clusters between the platinum fingers, as
showed on Figure 1, right.

Figure 2 shows the array configuration of the fabricated device: 4 independent sensors were
realized, an embedded heater with common ground contact and a test thermometer was located in
the bottom-left position; the validation of the mixed fabrication process (e-beam tool for nanometric
features and optical lithography for micrometric pads) will open the possibility to fabricate the
devices on suspended dielectric hotplates, lowering the power consumption below 1 uW.
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Figure 2. SEM image of an array of 4 nanogap sensor devices with embedded heater and thermometer.

Best response sensor (ID8-1, 8Vpp, 100 kHz AC field) exhibits about 1 order of magnitude
response at 100 °C to 150 ppm of acetone, while the devices with fastest response times are the ID13-1
and ID13-3 (10Vpp, 100 kHz AC field) (Figure 3).The fabricated nanogap devices allow a lower
temperature operation of the gas sensors with reasonable response time; work is in progress to

compare the responses of micrometric fingers gas sensors with the nanogap-based devices.
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Figure 3. Dynamic profiles and resistance ratio responses of six different nanogap sensors at 100 °C

to different acetone concentrations in dry air.
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