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A new, efficient, flexible, and cheap antenna designed at 1.57GHz microstrip patch antenna based on simple inkjet printer with
improved performance using silver nanoparticles ink is developed. The antenna is printed on a kind of flexible substrate “glossy
paper,” to offer the advantage of light and flexibility for different applications.The performance of silver nanoparticles ink has been
studied through inkjet printing versus postsynthesis annealing and multilayer printing. The conductivity has been improved to
have promising values up to 2Ω/cm at temperatures up to 180∘C. The surface morphology of the circuits has been analyzed using
SEM with mean diameter of the nanoparticles around 100 nm, uniform surface distribution, and mean thickness of the printed
layer around 230 microns. Also, a simple design of a coplanar waveguide (CPW)monopole Z-shaped antenna has been considered
as an application of fabricated printed antenna using the studied silver nanoparticles ink through a cheap printer.

1. Introduction

Most of researchers try to design a low cost, simple, flexible,
efficient, and compact size antenna with an environmental
friendly process for most of our life applications in both
commercial and military sectors. They are often incorpo-
rated into mobile radio communication devices, RFID tags,
wireless sensors, and being mounted on the exterior of
aircrafts and spacecrafts. In addition, it could be used in retail
managements, items tracking, biomedical sensing, and power
scavenging circuits [1–8]. Since there is a new trend of print-
ing electronic circuits on flexible substrate, many printed
circuits have been recently fabricated on a typical photo
paper and PET substrate which are promising candidates
for extremely low cost substrates for fabricating electronic
circuits and RF structures [9, 10]. Such substrates have
excellent dielectric characteristics and low surface profile.
Through the appropriate coating, they would be suitable
for direct write methodologies such as conductive inkjet

printing instead of the traditional metal etching techniques.
In addition, paper and PET films are commercially available,
cheap, and environmental friendly materials. Regarding the
printing technique, the inkjet one is fast and simple and
does not require a clean room for rapid and efficient printing
electronics. Inkjet printing on flexible substrate is perfect as
it jets the single ink droplet from the printer’s nozzles to the
desired position, so there is nowaste unlike etching technique
[10]. Using silver nanoparticles inks in inkjet-printing process
ensure higher metal conductivity as it has been selected
to implement the circuits and to improve the conductivity
depending on their higher surface to volume ratio with a high
accuracy and enhance thermal and electrical conductivity,
compared to the bulk silver ink.

So, this work introduces a novel experimental study
on the optimum conditions for using conductive silver
nanoparticles in inkjet printing of flexible nanoantenna. The
selected silver nanoparticles ink would be printed using a
cheap printer compared to similar research work in recent
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Figure 1: (a) Brother inkjet printer with the printed antenna. (b) Filling cartridge with conductive silver nanoparticles ink using syringe and
filter.

literature and then analyzed its morphology and electrical
conductivity at different postsynthesis heating temperatures
and multilayer printing. Then, as an application to the
analyzed sliver nanoparticles, a simple design of printed
flexible antenna is presented with experimental and simu-
lated analysis of the antenna performance. A simple coplanar
waveguide (CPW) Z-shaped printed antenna, also known
as microstrip antenna, is selected to be the printed antenna
design due to its conformability and low cost as printed
[11–15].

2. Experimental Work

The used silver nanoparticles ink is Mitsubishi NBSIJ-MU01,
with viscosity of 2.30mPa⋅s and surface tension of 32mN/m.
It is filled into a special cartridge to be fitted with the
used Brother printer, as shown in Figure 1. This printer is
extremely much cheaper compared to the famous printer
Fujifilm Dimatix 2800 series which has been used recently
in a lot of research papers in the printed electronics field.
This printer cartridge is easy filling; we used a small plastic
syringe to do this, with help of a disposable filter to keep any
contaminations out of the print pipeline.The printing process
is operated to generate one layer printed stripe and repeated
to form multiple overlayered printed stripes.

The morphologies of the printed single-layered and
multilayered printed antennas are analyzed using scanning
electron microscope with JEOL GSM-6610LV, Japan, at an
accelerated voltage up to 20 kV. In addition, the mean
thickness of the printed single-layered antenna is obtained
from SEM image for the cross section. In this paper, we use
a simple design of printed antennas [12], with some changes
in feeder spacing, and exposed printed antennas to different
postsynthesis heating temperatures in a vacuum furnace at
temperatures up to 180∘C at different heating times. Then,
the resistance is measured for the formed nanoprinted stripes
with 1 cm distance between probes.The antenna is connected
with a SMA connector using silver epoxy with ratio 1 : 1
and is dried at room temperature. The CPW fed monopole

Z-shaped antenna has been tested on Network Analyzer
and the return loss is measured for the design. Also, we
simulate Z-shaped antenna on the HFSS simulation tool and
compare its results with the experimental one. More antenna
characteristics have been experimentally analyzed such as
VSWRand impedance.The geometry of the antenna is shown
in Figure 2. The paper substrate has relative permittivity of
4.01 and loss tangent of 0.07.

3. Results and Discussions

3.1. Printed Silver Nanoparticles Characterization. We start
our research by finding the suitable and accurate conditions
to achieve an optimum printing by testing the effect of
temperature and multilayer printing. Table 1 shows the effect
of expose samples to different temperature and how tem-
perature could play an important role in fabrication process
as we notice the resistance value decreases as temperature
increases.The formedprinted circuits are exposed to different
temperatures and the resistance value reaches up to 2Ω/cm
at 180∘C, due to the increased mobility of the free electrons of
the heated silver nanoparticles printed layer.Themorphology
and thickness measurement are shown in the SEM images of
Figures 3 and 4. Figure 3 shows the SEM image of the surface
morphology of the silver nanoparticles ink printed on a
glossy paper at room temperature, with smooth and uniform
morphology.Themeandiameter of the nanoparticles is found
to be around 100 nm, and the mean thickness of the printed
layer around 230 microns with the probability of having
minor cracks in the cross section but with homogeneous
distribution of the nanoparticles, which could be compared
to other similar research work with the ability of future
extension to embed more conductive materials inside the ink
[16, 17]. Table 2 summarized the effect of multilayer printing
with effect of temperature on the measured resistance. The
overall resistance is higher than the resistance of single-
layered printed antenna. That could be explained due to
the relative agglomeration of the printed silver nanoparticles
while stacking in multilayers, in addition to the interfaces
between the different layers, which could limit the mobility
of free electrons of silver nanoparticles to move.
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Figure 2: (a) Z-shaped CPW printed monopole antenna dimensions. (b) The printed version on glossy paper.

Table 1: Effect of temperature of one-layer sample on resistance in
Ω/cm.

Time (min) Resistance (Ω)
Temperature = 25∘C

0 20M
5 7
10 6
15 4.5
20 5.3
25 5.1

Temperature = 55∘C
0 20M
5 7.2
10 5.3
15 4.3
20 5
25 4.8

Temperature = 75∘C
0 20M
5 4
10 3.2
15 3.3
20 3.1
25 2.7

Temperature = 180∘C
0 20M
5 3.7
10 3
15 2.4
20 2.1
25 2.0

Table 2: Effect of 2-layer and 3-layer printing under exposure to
temperature on resistance inΩ/cm.

Time (min) Resistance (Ω)
2-layer, temp. = 25∘C

0 20M
5 7
10 5.4
15 5.3
20 4.6
25 4.1

2-layer, temp. = 75∘C
0 20M
5 500K
10 160K
15 164
20 150
25 130

3-layer, temp. = 25∘C
0 20M
5 9
10 8.8
15 7.2
20 5.8
25 5.6

3-layer, temp. = 75∘C
0 20M
5 860K
10 420K
15 200
20 192
25 170
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Figure 3: SEM image of the morphology of the one-layer printed
silver nanoparticles ink on paper.

Figure 4: Cross-section image of the one-layer printed nanoan-
tenna (the white line presents the printed silver nanoparticles ink
and the glossy paper substrate is under the white line).

3.2. Printed Antenna Characterization. The experimental
analysis of the return loss of the printed antenna from
the Network Analyzer has been shown in Figure 5. In the
same figure, it is compared to the simulation analysis which
has been realized using Ansoft HFSS simulation tool for
antenna design. The result as shown in Figure 5 of return
loss (S

11
) illustrates that the design of the Z-shape antenna

has a notch at 1.57GHz at solution frequency equal to
1.4 GHz. Also, Figure 6 shows that VSWR is nearly 2 dB at
the mentioned notch. This is promising to fabricate a flexible
and cheap antenna with such values, which could be twisted
and folded further in wide variety of applications, as the
conductive silver nanoparticles contribute with the relative
high surface/volume ratio and lower sheet resistance. The
impedance of antenna is measured experimentally to have
12.5 + 𝑗75Ω. Figures 7 and 8 show the radiation patterns of
the gain of theta and phi at phi = 0 and 90 degree, respectively.
Choosing 1.4GHz as solution frequency leads to havingmore
directive pattern of theta with high gain (around −8 dB).

4. Conclusion

This paper introduces a promising usage of silver nanoparti-
cles in fabricating different antennas designs with a feasible
and commercial method for printing using a commercial
desktop printer. The printed silver nanoparticles show inter-
esting conductivity values with postsynthesis heating tem-
peratures. Also, we make a comparison between resistances’
values when exposed to different temperatures for one/multi
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Figure 5: Return loss (S
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) of the printed Z-shaped antenna on
glossy paper.
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Figure 6: VSWR of the printed Z-shaped antenna on glossy paper.
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Figure 7: 3Dmodel of the radiation pattern of the printed Z-shaped
antenna.
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Figure 8: 2D model of the radiation pattern of the gain of theta and phi at phi = 0 “to the left” and 90∘ “to the right.”

layers to clarify the impact of both post-treatment heating
and the multi-printed layers. Moreover, a CPWmonopole Z-
shaped antenna was realized via previous printing technique
as an application of a simple printed antenna design of an
RFID tag after heating treatment and selecting a suitable
number of printing layers. The printed antenna using sil-
ver nanoparticles ink has been analyzed through different
antenna characteristics including return loss, radiation pat-
tern, VSWR, and impedance. This promising detailed study
could lead to the development of flexible nanoantennas and
generally flexible nanoelectronic circuits for wide variety of
applications.
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