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Abstract: In this paper, we present a preliminary analysis on the possibility to realize low-cost and eco-friendly 
cellulose-based gas sensors by means of Aerosol Jet Printing (AJP) and flash lamp annealing (FLA). To the 
authors knowledge, it is the first time that these two techniques are combined in the realization of such a 
device. The intrinsic hygroscopic properties are the key element of this device: cellulose contains substantial 
amount of moisture, adsorbed from the environment, enabling the use of wet chemical methods for sensing 
without manually adding water to the substrate. The sensors were tested in terms of electrical resistance. The 
penetration of the carbon ink in the cellulose network was stated thanks to cross-sections captured at the 
microscope. Once placed in a damp environment, all the sensors showed a comparable behavior settling at an 
asymptotic value of 3.68 MΩ (relative standard deviation of 8%). In presence of different concentration of 
NH4OH, the sensors showed a resistance proportional to the amount of analyte present in the working volume, 
showing 25.6% increase compared to the 0.5 M concentration, while 34.1% compared to the 1M. 

1 INTRODUCTION 

Printed electronics represents an attractive and 
innovative field of application of Additive 
Manufacturing (AM) with flexible electronic devices, 
paper electronics and wearable devices that are 
becoming widespread coming with the need for 
advanced printing processes, reducing the number of 
processing steps, material waste and production cost 
(Gandhiraman et al., 2014).  

3D printing is considered a valid candidate for the 
new generation of biosensors (Ragones et al., 2015; 
Yang et al., 2016), and Aerosol Jet Printing (AJP) is 
belonging to this technological family. AJP is a 
direct-write printing technique which deposits a 
continuous aerosol beam of liquid droplets, 
generating specific surface features without 
masks(Hoey et al., 2012; Lee, An and Chua, 2017). 
The liquid inks typically have a viscosity between 1 
and 1000 cP, in case of pneumatic atomization, and 1 
to 5 cP, in case of ultrasonic atomization (Tan, Tran 
and Chua, 2016). Once the mist is generated, it passes 
through the virtual impactor to regulate droplets 
dimensions and then it is focused on the substrate 
thanks to a coaxial sheath gas flow(Binder, Glatthaar 
and Rädlein, 2014; Wadhwa, 2015; Optomec, 2017). 

This 3D printing technique is adopted in different 
fields: high-efficiency solar and fuel cells, thin-film 
transistors, resistors, antennae, MEMS, 
photodetectors, thermistors, etc. But it is also used in 
applications for the biological field like high-density 
assays for drug discovery, lab-on-chip devices, 
protein and glucose sensing (OPTOMEC, no date; 
Coupland et al., 2010; Yang et al., 2016; Wang et al., 
2017; Bolse et al., 2017; Liu et al., 2017; Agarwala 
et al., 2018; Baldwin et al., 2018; Cantù et al., 2018; 
Gupta et al., 2018; Khorramdel, Torkkeli and 
Mäntysalo, 2018; Di Novo et al., 2019). 

In the printed electronics field, the sintering step 
is mandatory to ensure a proper conductivity in the 
printed layer, which is usually performed by means of 
hoven for high temperature processes. One of the 
emerging topics in printed electronics is the usage of 
paper due to its unique capabilities (high Young’s 
modulus, biodegradability, biocompatibility, 
renewability, low-cost, lightweight) (Kim et al., 
2014). This material needs great attention in sintering 
printed inks due to low melting/ignition point. 
Therefore, only low-temperature processes are 
allowed, which do not ensure high conductivities. 
Photonic sintering, also known as flash lamp 
annealing (FLA) or intense pulsed light (IPL), is a 
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technology, developed by Novacentrix, in which the 
heating process is accomplished thanks to a couple of 
xenon flash lamps and mirrors which radiate energy 
toward the sample that must be sintered, following 
phenomenon of melting/sintering point depression in 
nanoparticles described by the Gibbs-Thomson 
equation. 

The advantages are remarkable: this is a fast 
sintering technique (heat treatment in the 
milliseconds scale), it produces minimal damage to 
low temperature substrates and avoids unwanted 
processes (diffusion). Possible applications range 
from thin-film transistors, solar cells, RFID 
components to wearable devices, using conductive, 
bioresorbable or ceramic inks (silicon, silver, zinc) on 
different kind of substrates (wood, cardboard, 
textiles, glass, kapton  (West et al., no date; Akbari et 
al., 2017; Mahajan et al., 2017; Mudgal et al., 2017; 
Rizwan et al., 2017; Bobinger et al., 2018; Cronin et 
al., 2018; Danaei et al., 2018; Li et al., 2018; Schube 
et al., 2018). 

In light of this, the present work aims to propose 
the combined use of AJP and FLA, to realize a 
cellulose gas sensor, designed for food industry. Food 
waste is one of the hardest challenges for humanity as 
it impacts on society not only in food terms (direct 
food loss and waste), but also in environmental terms 
(exploitation of water and land, disposal, emissions) 
(Springmann et al., 2018) For example, the use by-
date is an estimation of the date on which a perishable 
product may no longer be edible, and this number 
cannot clearly state the condition of the food (Labuza 
and Taoukis, 1990).  

Ammonia and its compounds can be considered 
toxic, capable of generating damages and unwanted 
pathologies to human body if ingested (nausea, 
migraine, vomiting, allergies) (Douny et al., 2019; 
Filipe-Ribeiro et al., 2019). The research is working 
on wireless and automated systems capable to 
continuously give a feedback of the sample (Bellitti 
et al., 2017; Tonello et al., 2017). The possibility to 
include a sensor inside the packaging appears to be a 
solution which can monitor the current state of the 
food defining its freshness (Yam, 2012; Liu et al., 
2015). 

Paper-based sensor with carbon electrodes 
exploits the intrinsic hygroscopic characteristics of 
cellulose paper. Cellulose fibers contain a certain 
amount of moisture, even if paper looks dry. This 
aspect is mandatory in evaluating the presence of 
water-soluble gases. In presence of a water-soluble 
gas (due to food degradation), electrical impedance or 
conductance of paper can be probed thanks to carbon 
electrodes realized on the surface of the paper sheet. 

The feasibility of these sensors has been recently 
reported in literature using a low-cost cutter plotter 
for preparation (Barandun et al., 2019). Our goal is to 
develop this class of devices by combining the AJP 
and FLA methods, investigating the improvement we 
can achieve thanks to the more sophisticated 
preparation technique.  Chapter two will present 
methods followed during tests, while chapter three 
shows the results obtained during validation and 
characterization tests. Chapter four will summarize 
the preliminary results achieved, with future 
perspective of this application. 

2 SENSOR FABRICATION 

2.1 Sensor Design 

Optomec’s Aerosol Jet Printing AJ300 system was 
employed in the fabrication of the proposed gas 
sensor: this 3D printing machine is designed to 
interface with AutoCAD drawings. Specific attention 
was put in the definition of printing parameters, 
considering inks viscosity, in order to achieve a 
homogeneous filling of the interdigitated geometry, 
also thanks to the use of a crossed pattern. The sensors 
were designed thanks to AutoCAD software 
(Autodesk), a devoted Optomec’s gadget for 
AutoCAD ensured a proper ink filling of closed 
shapes. The lines were designed as polylines to 
improve the timing and the homogeneity of printed 
lines. 

Surface area of the interdigitated electrodes and 
spacing in between, are the two main factors that must 
be considered during the design phase, thus 
determining the overall impedance of the sensors, 
which have a critical effect on its sensitivity. More 
specifically, a total sensing area of 150 mm2 and a 
spacing of about 1.5 mm were selected (fig. 1). 

 
Figure 1: AutoCAD layout of the sensor. 
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2.2 Materials and Methods 

WhatmanTM chromatography 1 cellulose paper is the 
selected substrate on which we printed our sensors, 
due to the capability of this kind of paper to capillary 
handling liquid samples. The second reason we 
employed this material is the high degree of purity 
respect to other commercial grades which include 
chemical additives that could influence the 
functioning principle of the proposed sensors. Thanks 
to its highly hygroscopic properties, cellulose fibers 
within paper contain a substantial amount of 
moisture, even if it looks dry (at a relative humidity 
of 50%, paper contains ~5% water by weight). 
Additional ions coming from the dissociation of 
water-soluble gases on the surface of paper increases 
its ionic conductance. 

Carbon ink (EXP 2652-28) was purchased by 
Creative Materials Inc., characterized by a starting 
viscosity of 15-20 mPa∙s. The ink was properly 
atomized together with its own thinner to obtain a 
better printability and adhesion to the substrate. 
Carbon ink specific process parameters are reported 
in Table 1, while figure 2 presents a prototype and our 
AJ300 during printing. 

Table 1: Printing process parameters for C ink. 

Process Parameters  
Sheath gas flow (SCCM) 110 
Atomizer flow (SCCM) 770 
Exhaust flow (SCCM) 750 
Process speed (mms-1) 4 
Plate temperature (°C) 70 
 

 
Figure 2: AJ printer printing a first concept (left); a printed 
sensor in its final layout (right). 

With the aim to define the sintering parameters 
for our carbon sensors, a sample geometry was 
considered in order to define FLA sintering 
parameters. These samples were tested in terms of 
electrical resistance, evaluated thorough the digital 
bench-top multimeter Hewlett-Packard 34401a, 

applying testing probes to the extremities of each 
path, in standardized and repeatable points, thus 
measuring the resistance offered by all its length.  

An optical microscope by Orma Scientific 
NB50T (trinocular zoom 0.8x–5x–LED), with its 
devoted software and HDMI MDH5 camera model, 
was used to acquire the images and to evaluate the 
features of the printed elements (Orma Scientific, 
Sesto San Giovanni, Milan, Italy). 

After the definition of the abovementioned 
parameters, four sensors were put in four different 
vials to examine their capability to absorb ions 
present in a humidified atmosphere and their response 
was simultaneously studied in terms of resistance. 5 
ml was the selected working volume and distilled 
water was employed for the stabilization step (used to 
reach a relative humidity of 100 % inside the vial to 
let sensors work properly in presence of water-soluble 
gases), aiming to state the repeatability of this kind of 
measurement principle with these AJ printed sensors. 
After this step, a qualitative study was performed by 
means of distilled water/NH4OH solutions in two 
different concentrations, 1 M and 0.5 M, which will 
develop a gas-phase of ammonia in a humidity 
saturated air background. Additional tests have also 
been carried out with ethanol in an ambient air 
background to test the working mechanism of this 
class of devices. Four digital bench-top multimeter 
Hewlett-Packard 34401a were connected thanks to a 
GPIB-USB cable to a personal computer and the 
behaviour of the sensors monitored thanks to a 
program written in LabVIEW. 

3 PRELIMINARY RESULTS 

Once printed, carbon samples must be sintered in 
order to ensure the realization of a unique conductive 
track. Impulse duration was studied keeping it fixed, 
initially at 1000 μs, increasing the lamp voltage from 
200 up to 300 V. The same approach was replicated 
for other three pulse time-lengths, specifically 1250, 
1500 and 1750 μs. At the end of this step the best 
sintering parameters which gave the lowest resistance 
were selected. As evidenced in figure 3, 1000 μs 
seems to be a too short impulse duration, being not 
able to completely penetrate the whole thickness of 
our chromatographic paper (paper thickness is about 
180 μm).  1250 and 1500 μs showed a similar 
behavior, with the second one presenting a lower 
resistance.1750 μs and 250 V are the best sintering 
parameters, as they allow to reach a final resistance 
of 2.8 kΩ (relative standard deviation of 7%). So, the 
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complete pool of production parameters for our 
sensors are the ones reported in table 1, with six 
consecutive depositions, sintered at 250 V, 1750 μs. 

Figure 4 displays a magnification of an 
interdigitated printed element, suggesting the need of 
a proper wavelength to fully penetrate the cellulose 
sheet to sinter carbon ink. The effectiveness of the 
deposition process was initially tested evaluating the 
resistance of individual dry electrodes resistance, 
after both printing and sintering steps. It was found a 
mean value of 8.45 kΩ (relative standard deviation of 
23%) after printing, while 7.44 kΩ (relative standard 
deviation of 21%) after sintering. It is interesting to 
compare these values with those reported in literature 
for a preparation method based on an ultra-low cost 
cutter plotter printer. In this case the average 
resistance is of an individual electrode is 6.40 kΩ with 
a relative standard deviation of  43% (Barandun et al., 
2019). The presented results demonstrate a difference 
in standard deviation of 22% so the combine use of 
AJP and FLA have improved the sensors realization 
procedure. 

 
Figure 3: Resistance measurements as funciton of voltage 
at different impulse duration, for C samples. 

 
Figure 4: Magnification of an interdigitated element 
(bottom). 

To validate and demonstrate the functioning of 
our paper-based sensors, they were tested in a damp 
environment. Four sensors were simultaneously put 
in four different vials in presence of a working 
volume of 5 ml of distilled water. Figure 5 shows the 
behaviour of the sensors reaching the stabilization at 
an asymptotic value of 3.68 MΩ (relative standard 

deviation of 8%). The condition step was 30 hours 
long in order to clearly evidence the stabilization of 
the sensors reaching a relative humidity inside the 
vial of 100 %. Since sensors resistance appeared to be 
stable before reaching the thirtieth hour, in future 
works the precondition duration will be performed 
taking into account only the strictly necessary time. 

 
Figure 5: Resistance values during stabilization of four 
sensors in distilled water. 

After this, a simple qualitative study was 
performed aiming to state the capability of the sensor 
to recognize different concentrations of the same 
analyte in a humidity saturated background, which 
optimize the sensing mechanism of this kind of 
devices (Barandun et al., 2019). Once run a 
precondition phase in presence of 5 ml of water, one 
sensor was exposed to the vapours generated by a 1M 
solution of NH4OH in water, one sensor with a 0.5M 
solution of NH4OH and one with a new vial with 
distilled water (blank sample). To further test the 
effect of the working environment, an additional 
experiment has been carried with a fourth sensor 
exposed to vapors generated from an ethanol solution. 
This allows to test the effects of extreme working 
conditions (saturated ethanol, vapors). 

Figure 6 evidences these experiments. 
The data regarding NH4OH vials are reported as 

ΔG/G0 in percentage in table 2. ΔG values are 
calculated as the difference between the maximum 
and minimum resistance values when the analyte is 
recognized after vial change, while G0 is the 
minimum resistance value in the same time interval. 
The sensors show a 25.6% increase compared to the 
0.5 M concentration, while 34.1% compared to the 
1M. Thus, with an 8.5% difference between the 
highest and the lowest concentration. 

The exposure to saturated ethanol vapours in the 
ambient air background cause a sudden and large 
increase of the sensor resistance. This extreme 
behaviour is likely to arise from the large ethanol 
concentration (saturated vapours), which modifies the 
condition of the cellulose fibres making them 
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anhydrous, hence much less suitable for ionic 
conduction. The result further supports the working 
mechanism proposed in literature, based on the 
intrinsic ionic conductivity of the water layer 
covering cellulose in ambient conditions. To better 
clarify this point, we have planned additional tests 
with lower ethanol concentrations. 

Table 2: ΔG comparison between 0.5M and 1M solutions. 

Concentration (M) ΔG/G0 (%)
0.5 25.6
1 34.1

 

 
Figure 6: Behaviour of the sensors in presence of different 
analytes (water, ethanol, NH4OH 1 M and 0.5 M). 

4 CONCLUSIONS 

We present a new kind of disposable gas sensor, 
produced thanks to Aerosol Jet Printing and Flash 
Lamp Annealing on a cellulose-based material. The 
production method presents good reproducibility 
despite a porous substrate such as chromatographic 
paper. In this first research step, we want to verify the 
functioning of the sensors, considering a first design 
which is not optimized for our future perspectives. 
The following steps will regard the complete 
optimization of the production procedure, thus 
redefining the optimal sintering parameters for the 
new the design of the sensors. Once tested in presence 
of a damp environment, our device behaved in the 
same way, showing an asymptotic value of 3.68 MΩ, 
regardless of the specific starting conducting value. 
The sensors were also qualitative tested, showing a 
signal proportional to the amount of NH4OH present 
in the sample volume. Future developments will 
regard the investigation of the limit of detection of 
these cellulose-based sensors and their selectivity. In 
particular, tests are planned to check the effects of 
ethanol vapours, which are likely to alter the hydrous 
status of the cellulose fibres, especially at high 
concentrations. More in general, considering the 

prospective to tune the sensing properties of this class 
of devices to a given gas-target, this possibility should 
be strictly checked against its working principle, 
whose simplicity represents at the same time the 
strength and the weakness of these devices. Indeed, if 
gases containing ammine groups can be easily sensed 
by this simple and extremely cost-effective device, 
any alteration of the hydrous status if the paper may 
deeply alter its sensing capability. Any 
functionalization of the paper aimed to tune its 
sensitivity to a given gas-compound, should be 
carried out in careful consideration of this aspect. 

ACKNOWLEDGEMENTS 

The authors declared no conflict of interest. 

REFERENCES 

Agarwala, S. et al. (2018) ‘Wearable Bandage-Based Strain 
Sensor for Home Healthcare: Combining 3D Aerosol 
Jet Printing and Laser Sintering’, ACS Sensors. 
American Chemical Society, 4, pp. 218–226. doi: 
10.1021/acssensors.8b01293. 

Akbari, M. et al. (2017) ‘3D Printed and Photonically 
Cured Graphene UHF RFID Tags on Textile, Wood, 
and Cardboard Substrates’, International Journal of 
Antennas and Propagation. Hindawi Limited, 2017. 
doi: 10.1155/2017/7327398. 

Baldwin, L. A. et al. (2018) ‘Synthesis of a Two-
Component Carbosilane System for the Advanced 
Manufacturing of Polymer-Derived Ceramics’, 
Chemistry of Materials. American Chemical Society, 
30(21), pp. 7527–7534. doi: 
10.1021/acs.chemmater.8b02541. 

Barandun, G. et al. (2019) ‘Cellulose Fibers Enable Near-
Zero-Cost Electrical Sensing of Water-Soluble Gases’, 
ACS Sensors. American Chemical Society, 4(6), pp. 
1662–1669. doi: 10.1021/acssensors.9b00555. 

Bellitti, P. et al. (2017) ‘Flexible monitoring system for 
automated detection of bacterial growth in a 
commercial specimen processing platform’, in RTSI 
2017 - IEEE 3rd International Forum on Research and 
Technologies for Society and Industry, Conference 
Proceedings. Institute of Electrical and Electronics 
Engineers Inc. doi: 10.1109/RTSI.2017.8065950. 

Binder, S., Glatthaar, M. and Rädlein, E. (2014) ‘Analytical 
investigation of aerosol jet printing’, Aerosol Science 
and Technology, 48(9), pp. 924–929. doi: 
10.1080/02786826.2014.940439. 

Bobinger, M. et al. (2018) ‘On the sintering of solution-
based silver nanoparticle thin- fi lms for sprayed and fl 
exible antennas’. IOP Publishing. 

Bolse, N. et al. (2017) ‘Reliability of aerosol jet printed 
fluorescence quenching sensor arrays for the 

BIODEVICES 2020 - 13th International Conference on Biomedical Electronics and Devices

204



identification and quantification of explosive vapors’, 
ACS Omega. American Chemical Society, 2(10), pp. 
6500–6505. doi: 10.1021/acsomega.7b01263. 

Cantù, E. et al. (2018) ‘Aerosol jet printed 3D 
electrochemical sensors for protein detection’, Sensors 
(Switzerland), 18(11). doi: 10.3390/s18113719. 

Coupland, P. et al. (2010) ‘Lab on a Chip Lab on a Chip’, 
Lab on a Chip, (207890), pp. 531–540. doi: 
10.1039/C5LC00716J. 

Cronin, H. M. et al. (2018) ‘Photonic Curing of Low-Cost 
Aqueous Silver Flake Inks for Printed Conductors with 
Increased Yield’, ACS Applied Materials and 
Interfaces. American Chemical Society, 10(25), pp. 
21398–21410. doi: 10.1021/acsami.8b04157. 

Danaei, R. et al. (2018) ‘Ultrafast Fabrication of 
Thermoelectric Films by Pulsed Light Sintering of 
Colloidal Nanoparticles on Flexible and Rigid 
Substrates’, Advanced Engineering Materials. Wiley-
VCH Verlag. doi: 10.1002/adem.201800800. 

Douny, C. et al. (2019) ‘Development of an Analytical 
Method for the Simultaneous Measurement of 10 
Biogenic Amines in Meat: Application to Beninese 
Grilled Pork Samples’, Food Analytical Methods. 
Springer Science and Business Media LLC, 12(10), pp. 
2392–2400. doi: 10.1007/s12161-019-01587-4. 

Filipe-Ribeiro, L. et al. (2019) ‘Biogenic amines and 
polyamines in wines: Does Dekkera/Brettanomyces red 
wine spoilage increases the risk of intake by 
consumers?’, LWT. doi: 10.1016/j.lwt.2019.108488. 

Gandhiraman, R. P. et al. (2014) ‘Plasma jet printing of 
electronic materials on flexible and nonconformal 
objects’, ACS Applied Materials and Interfaces, 6(23), 
pp. 20860–20867. doi: 10.1021/am505325y. 

Gupta, A. A. et al. (2018) ‘Fully Aerosol-Jet Printed, High-
Performance Nanoporous ZnO Ultraviolet 
Photodetectors’, ACS Photonics. American Chemical 
Society, 5, pp. 3923–3929. doi: 10.1021/ 
acsphotonics.8b00829. 

Hoey, J. M. et al. (2012) ‘A review on aerosol-based direct-
write and its applications for microelectronics’, Journal 
of Nanotechnology, 2012. doi: 10.1155/2012/324380. 

Khorramdel, B., Torkkeli, A. and Mäntysalo, M. (2018) 
‘Electrical contacts in SOI MEMS using aerosol jet 
printing’, IEEE Journal of the Electron Devices 
Society. Institute of Electrical and Electronics 
Engineers Inc., 6(1), pp. 34–40. doi: 10.1109/ 
JEDS.2017.2764498. 

Kim, J. H. et al. (2014) ‘Disposable chemical sensors and 
biosensors made on cellulose paper’, Nanotechnology. 
doi: 10.1088/0957-4484/25/9/092001. 

Labuza, T. P. and Taoukis, P. S. (1990) ‘The relationship 
between processing and shelf-life.’, Foods for the ’90s. 
Elsevier Applied Science, pp. 73–106. 

Lee, J.-Y., An, J. and Chua, C. K. (2017) ‘Fundamentals 
and applications of 3D printing for novel materials’, 
Applied Materials Today. Elsevier Ltd, 7, pp. 120–133. 
doi: 10.1016/j.apmt.2017.02.004. 

Li, J. et al. (2018) ‘Processing Techniques for 
Bioresorbable Nanoparticles in Fabricating Flexible’. 
doi: 10.3390/ma11071102. 

Liu, S. F. et al. (2015) ‘Single-Walled carbon 
nanotube/metalloporphyrin composites for the 
chemiresistive detection of amines and meat spoilage’, 
Angewandte Chemie - International Edition. Wiley-
VCH Verlag, 54(22), pp. 6554–6557. doi: 
10.1002/anie.201501434. 

Liu, T. et al. (2017) ‘Cmos-Mems Thermal-Piezoresistive 
Oscillators With High Transduction Efficiency For 
Mass Sensing Applications Institute of 
NanoEngineering and MicroSystems , National Tsing 
Hua University , Hsinchu , Taiwan Department of 
Power Mechanical Engineering , Nati’, pp. 452–455. 

Mahajan, B. K. et al. (2017) ‘Mechanically Milled Irregular 
Zinc Nanoparticles for Printable Bioresorbable 
Electronics’, Small. Wiley-VCH Verlag, 13(17). doi: 
10.1002/smll.201700065. 

Mudgal, T. et al. (2017) ‘Communication—CMOS Thin-
Film Transistors via Xe Flash-Lamp Crystallization of 
Patterned Amorphous Si’, ECS Journal of Solid State 
Science and Technology. Electrochemical Society Inc., 
6(12), pp. Q179–Q181. doi: 10.1149/2.0021802jss. 

Di Novo, N. G. et al. (2019) ‘Support-material-free 
microfluidics on an electrochemical sensors platform 
by aerosol jet printing’, Sensors (Switzerland), 19(8). 
doi: 10.3390/s19081842. 

Optomec (2017) Aerosol Jet® AJ 300 System User Manual. 
OPTOMEC (no date) ‘Aerosol Jet ® Printed Electronics 

Overview’, p. 6. 
Ragones, H. et al. (2015) ‘Disposable electrochemical 

sensor prepared using 3D printing for cell and tissue 
diagnostics’, Sensors and Actuators, B: Chemical. 
Elsevier B.V., 216, pp. 434–442. doi: 
10.1016/j.snb.2015.04.065. 

Rizwan, M. et al. (2017) ‘Possibilities of Fabricating 
Copper-Based RFID Tags with Photonic-Sintered 
Inkjet Printing and Thermal Transfer Printing’, IEEE 
Antennas and Wireless Propagation Letters. Institute of 
Electrical and Electronics Engineers Inc., 16, pp. 1828–
1831. doi: 10.1109/LAWP.2017.2682319. 

Schube, J. et al. (2018) ‘Applicability of photonic sintering 
and autoclaving as alternative contact formation 
methods for silicon solar cells with passivating contacts 
Applicability of Photonic Sintering and Autoclaving as 
Alternative Contact Formation Methods for Silicon 
Solar C’, 040019. doi: 10.1063/1.5049282. 

Springmann, M. et al. (2018) ‘Options for keeping the food 
system within environmental limits’, Nature. Nature 
Publishing Group, 562(7728), pp. 519–525. doi: 
10.1038/s41586-018-0594-0. 

Tan, H. W., Tran, T. and Chua, C. K. (2016) ‘A review of 
printed passive electronic components through fully 
additive manufacturing methods’, Virtual and Physical 
Prototyping. Taylor and Francis Ltd., pp. 271–288. doi: 
10.1080/17452759.2016.1217586. 

Tonello, S. et al. (2017) ‘Wireless Point-of-Care Platform 
with Screen-Printed Sensors for Biomarkers 
Detection’, IEEE Transactions on Instrumentation and 
Measurement. Institute of Electrical and Electronics 
Engineers Inc., 66(9), pp. 2448–2455. doi: 
10.1109/TIM.2017.2692308. 

Preliminary Analysis on Cellulose-based Gas Sensor by Means of Aerosol Jet Printing and Photonic Sintering

205



Wadhwa, A. (2015) ‘Run-time Ink Stability in Pneumatic 
Aerosol Jet Printing Using a Split Stream Solvent Add 
Back System’. 

Wang, C. et al. (2017) ‘A miniaturized nickel oxide 
thermistor via aerosol jet technology’, Sensors 
(Switzerland). MDPI AG, 17(11). doi: 
10.3390/s17112602. 

West, J. et al. (no date) ‘Photonic Curing of Silver 
Nanoparticle Based Inks Photonic Curing of Silver 
Nanoparticle Based Inks’, (October 2015). 

Yam, K. L. (2012) ‘Intelligent packaging to enhance food 
safety and quality’, in Emerging Food Packaging 
Technologies. Elsevier, pp. 137–152. doi: 10. 
1533/9780857095664.2.137. 

Yang, H. et al. (2016) ‘3-D printed adjustable 
microelectrode arrays for electrochemical sensing and 
biosensing’, Sensors and Actuators, B: Chemical. 
Elsevier B.V., 230, pp. 600–606. doi: 10. 
1016/j.snb.2016.02.113. 

 

BIODEVICES 2020 - 13th International Conference on Biomedical Electronics and Devices

206


