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Abstract— This paper describes an investigation of the possibility of 

using a new conductive ink, instead of copper clad laminates, in the 

manufacturing of microstrip patch antennas on glass and fiberglass 

substrates and of bioinspired frequency selective surfaces (FSSs) on 

fiberglass substrates for wireless communication systems. The new 

conductive ink is developed using synthesized nitrocellulose which, 

in ethyl acetate solution, works as a bonding agent and carrier for 

the formation of a conductive film. The load used in the fabrication 

process is silver metallic powder. Simulation and analysis are 

performed using Ansoft Designer and HFSS softwares. Microstrip 

antenna and FSS prototypes are fabricated and measured for 

comparison purpose. An agreement is observed between simulation 

and measurements results. 
 

Index Terms— Conductive ink, FSS, microstrip antenna, nitrocellulose, silver 

ink.  

I. INTRODUCTION 

The development of circuit technology for wireless communication systems is requiring the design 

of planar, compact, flexible, and reconfigurable structures. This demand applies to the development of 

new antennas, frequency selective surfaces (FSSs), materials, and fabrication techniques [1]. In order 

to meet these requirements, planar antenna and FSS structures need to be more versatile in their shapes 

and applications [1].   

In the last decade, several works have been carried out with the use of conductive ink printing 

technology [2]-[5], aiming to reduce waste and cost of tools to accelerate the production process and to 

enable the realization of complex designs. This flexibility allows the fabrication of complex components 

and significantly reduces the manufacturing process of RF circuits for wireless communication systems. 

Ref. [2] proposes the use of inkjet printing of ultra-wideband (UWB) antennas on low-cost 

acrylonitrile butadiene-styrene/polycarbonate (ABS/PC) thermoplastic substrates which present good 

mechanical and thermal properties. The ink used is 40% by weight of silver nanoparticles from Sun 

Chemicals (Ref 5714). Simulation and measurement results are in good agreement.  

A low cost and an environmentally friendly inkjet printing technique on a paper substrate is presented 
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in [3] for the fabrication of an antenna that can be used as a sensor in a wide range of applications in 

biomedical devices. The antenna is manufactured using ANP silver jet 55LT-25C ink. The substrate is 

a common photographic paper from Kodak. 

Microstrip antennas were fabricated in [4] using a new technique of inkjet printing on textile 

substrates. The antennas’ substrate is a mixed fabric composed of polyester and cotton. The conductive 

ink for printing was U5714 from Sun Chemical which is commercially available.  

In [5], a multi-layer microstrip patch antenna is printed with the ANP silver jet DGP-40LT-15C ink 

(ANP Corporation, Sejong-si, South Korea) which contains 30-35% silver nanoparticles dispersed in a 

TGME (triethylene glycol monoethyl ether) with the ink-jet printing technique, again demonstrating 

that conductive inks can be applied in the antennas manufacture. 

In this work, it is investigated the possibility of using commercially available carbon ink and an ink 

synthesized from nitrocellulose without additives and with silver metallic powder, for the design and 

fabrication of prototypes of microstrip antennas and FSSs as an alternative to conventional printed 

circuit techniques, such as the use of prototyping, heat transfer, and perchloride of iron corrosion of 

printed circuit boards. In addition, this technique simplifies the fabrication of printed circuits, being 

efficient, accurate, low cost and versatile. Furthermore, this technique can be used in the fabrication of 

antennas, FSSs, and filters with bioinspired, fractals and metamaterials patch geometries of planar and 

non-planar structures. 

Therefore, this work aims at proposing, manufacturing and characterizing a new conductive silver 

ink, from nitrocellulose, to be used in the development of planar circuits for applications in wireless 

communication systems. Initially, the fabricated conductive ink is used in the development of microstrip 

patch antennas, similarly to works carried out in [2]-[5]. In addition, the fabricated conductive ink is 

used in the development of bioinspired frequency selective surfaces, which are more complex 

structures, such as those of rectangular periodic arrays of conducting patches elements with the leaf 

shape of triangularis plant of the genus Oxalis. 

Microstrip antennas and FSS simulations and analyses are performed using Ansoft Designer and 

HFSS softwares. For comparison purpose, microstrip antenna and FSS prototypes are fabricated with 

the painting method by simple brushing and spraying. Afterward, the antennas prototypes were 

measured for comparison purpose. Good agreement is observed between simulation and measurements 

results, for both microstrip antennas and FSS structures. 

Section 2 introduces the synthesis of a new conductive ink which is suitable for painted microwave 

circuit fabrication and exhibits a better electrical conductivity than a commercially available. 

Section 3 presents the simulated and measured results for the developed antennas painted with the 

fabricated conductive ink. Similarly, Section 4 presents the simulated and measured results for the 

bioinspired FSS structure. The simulated and measured results obtained for the considered microstrip 

antenna and FSS structures are discussed in Section 5. Section 6, presents the main conclusions of this 

work. 
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II. THE CONDUCTIVE INK PREPARATION 

Nitrocellulose is used to produce resins entering the basic composition of inks and varnishes. They 

are produced by the reaction of cellulose with nitric acid in the presence of sulfuric acid [6].  

To obtain nitrocellulose, a sulfonitrile solution was initially prepared. It was expected to stabilize, to 

add cellulose in small portions, leaving to act for 30 minutes. After this time, the cellulose is washed in 

order to neutralize the remaining acid. After drying the cellulose, the result is a cotton with a rougher 

consistency, which has very high flammability. 

To dissolve the nitrocellulose, ethyl acetate was used, obtaining a colloidal solution, afterwards being 

passed through the simple filtration process, only to be added the metallic powdered silver (with control 

of granulometry up to 35 μm) under moderate agitation. 

As a way of obtaining a morphology and identification of the chemical elements of the conducting 

surface, scanning electron microscopy (SEM) and dispersive energy spectroscopy (EDS) techniques [7] 

are used to get their respective spectra images, as shown in Figs. 1 and 2, respectively. The EDS results 

for the element weight percent and atomic percent are shown in Table I. 

 

 

Fig. 1. SEM image showing the arrangement of the particles on the fiberglass substrate [8]. 

 

Fig. 2. The spectrum obtained by microanalysis of characteristic X-rays by EDS. 
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TABLE I - ELEMENT WEIGHT PERCENT AND ATOMIC PERCENT BY EDS. 

Element [weight %] [atomic %] 

Carbon 13.94 56.62 

Silver 78.31 35.42 

Copper 5.81 4.46 

Aluminum 1.94 3.50 

 

The weight percentage of atoms supplied by the scanning electron microscope for the same sample 

shown in Fig. 1 was 13.94% for carbon, 78.31% for silver, 5.81% for copper and 1.94% for aluminum. 

Fig. 3 shows an image for carbon, copper and silver components present in the considered sample. 

 

 

Fig. 3. EDS image formed for the study. 

 

Fig. 4 presents the steps performed to obtain the nitrocellulose, as well as the process of synthesis of 

the conductive ink. 

The incorporation of electrically conductive particles into a polymeric insulating matrix, such as the 

nitrocellulose discussed herein, is an important example of the materials modification in hitherto 

restricted areas to metals, such as conductive adhesives found commercially. This class is called 

polymer composite conductors which have many advantages compared to metals [8], namely, 

processability and cost, and a new process without the need of perchloride of iron corrosion, 

conventionally made. 

When a certain concentration of conductive charge is added to a polymer matrix, it is observed that 

the matrix that previously presented nonconductive behavior starts to conduct electric current. In 

general, a conductive composite has two phases, a conductive and a nonconductive. Such systems 

present a percolation threshold that is studied by [9], which explain the conditioning mechanism in this 

conductive composite. 
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Fig. 4.  Block diagram of the conductive ink synthesis process. 

 

The percolation theory is used because it allows an interpretation of the electric conductivity 

behavior. According to this theory, the electrical conductivity of a composite is directly dependent on 

the concentration of conductive material added to the insulating matrix [10]. 

Thus, a low concentration of conductive material causes isolated clumps. However, as the 

concentration of this material increases, it generates large clumps, thus allowing the appearance of a 

conductive path. The results presented in Table I indicate a concentration of 78.31% of silver atoms in 

the analyzed surface which is more than enough to guarantee the electrical percolation. In addition, as 

the silver concentration in the conductive film is high, larger clusters occur, allowing the formation of 

a conductive path. 

The proposed, manufactured and characterized new conductive silver ink from nitrocellulose is used 

in the fabrication of microwave integrated circuits (antennas and FSSs) to investigate the possibility of 

its use as an alternative to copper clad laminates. Two planar structures are fabricated for testing and 

characterization. The first one is a 2.45 GHz small size typical rectangular microstrip antenna. The 

second one is a large size innovative 3.5 GHz bioinspired frequency selective surface (FSS). The 

microstrip antenna and bioinspired FSS structures, designs and results are presented in the following 

sections. 
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III. RECTANGULAR MICROSTRIP ANTENNA DESIGN, FABRICATION AND RESULTS 

Typically, a rectangular microstrip antenna is composed of a conducting patch of width W and length 

L, printed on a dielectric substrate, of height h, relative permittivity r, and loss tangent tan,  which is 

mounted on a ground plane as illustrated in Fig. 5.  

In this work, the inset-feed technique is used to improve the impedance matching between the 

microstrip line and the antenna input impedance. The inset-feed physical dimensions are length y0, slot 

width x0, and strip width W0, which is the same of the feeding microstrip line, as shown in Fig. 5. The 

overall feeding length of the microstrip line is L0. 

 

    

         (a)                                                                                    (b) 

Fig. 5. The geometry of a rectangular microstrip patch antenna. (a) 3D illustration and (b) cross-sectional view. 

 

The analysis of the rectangular microstrip antenna is performed using the approximate expressions 

given in (1) to (4) [1], [11].  

 

𝑊 =
𝑐

2𝑓𝑟
√

2

𝜀𝑟 + 1
 

 

(1) 

𝜀𝑟𝑒𝑓𝑓 =
𝜀𝑟 + 1

2
+

𝜀𝑟 − 1

2
[1 + 12

ℎ

𝑊
]

−1/2

 

 

 

(2) 

    

 

∆𝐿

ℎ
= 0.412

(𝜀𝑟𝑒𝑓𝑓 + 0.300) (
𝑊
ℎ

+ 0.264)

(𝜀𝑟𝑒𝑓𝑓 + 0.258) (
𝑊
ℎ

+ 0.813)
 

 

 

(3) 

    

 𝐿 =
𝑐
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− 2∆𝐿  (4) 

 

where c is the light velocity in free space, εr is the relative permittivity of the substrate material, fr is the 

resonant frequency, h is the dielectric substrate height, εreff is the effective permittivity, and ΔL is the 

fringing length [12]. 

In addition, the inset-feed width, x0, and length, y0, are determined to provide the antenna input 
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impedance matching. The initial value of x0 is 1 mm and the value of y0 is calculated using the 

approximate expression in (5) [1], [11].  
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where k0 and J0() are respectively the wave number and the Bessel function of the first kind of order 

zero. 

Nevertheless, it is recommended to confirm the results of microstrip antenna designs through the 

approximate expressions given in (1) to (8), by comparison to full-wave analyses’ results based on 

electromagnetic theory. In fact, full-wave methods are implemented in commercial softwares like 

Ansoft Designer and Ansoft HFSS [13], [14], to perform accurate microwave circuits simulation and 

design, including antennas and FSS structures. 

Thereafter, 2.45 GHz ink-based typical rectangular microstrip antennas are simulated, designed and 

fabricated on FR-4 fiberglass and glass substrates, for performances evaluation. Simulation and design 

are carried out using Ansoft Designer software, that employs a full-wave formulation based on the 

method of moments (MoM), to ensure accurate analyses. All the antennas are fed using a 50 Ω 

microstrip line. 

The fabrication of the ink-based rectangular microstrip antennas prototypes is performed using simple 

spray with micro paint equipment on a dielectric layer mounted on a ground plane, while a conventional 

technique for microwave integrated circuits (MIC) is used to fabricate the antenna on copper clad 

laminate.  

Fig. 6 shows photographs of three patch antenna prototypes on fiberglass substrate, namely FR-4, 

with relative permittivity, εr, 4.4, loss tangent, tan, 0.02, and height, h, 1.57 mm. The first prototype, 

shown in Fig. 6(a), is fabricated using a typical copper clad laminate, the second one, shown in Fig. 
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6(b), is painted with carbon ink of the CHIPsce brand, commonly used in electronics circuits for 

conductive traces’ repairs, and the third one, shown in Fig. 6(c), is painted with the fabricated silver 

ink, which is synthesized from nitrocellulose. 

                                                  

     

                       (a)                                                 (b)                                              (c) 

Fig. 6. Photographs of the microstrip patch antenna prototypes on fiberglass (FR-4) substrate (a) using a typical copper clad 

laminate, (b) painted with commercial carbon ink and (c) painted with the fabricated silver ink. 

 

The main structural parameters (Fig. 5) of the patch antenna prototypes on fiberglass substrate shown 

in Fig. 6, are given in Table II. These dimensions values were defined using (1) to (5) and then adjusted 

with Ansoft HFSS, for Wi-Fi operation at 2.45 GHz. A very thin conducting patch made out of copper 

is considered. For comparison purpose, the conducting patches and feeding microstrip lines of the 

antenna prototypes shown in Fig. 6 were fabricated with the same dimensions, being composed of a 

metallic thin plate, Fig. 6(a), painted with carbon ink, Fig. 6(b), and painted with silver ink Fig. 6(c). 

 

TABLE II. DIMENSIONS OF THE FABRICATED PATCH ANTENNAS ON FIBERGLASS SUBSTRATE. 

Parameters Values 

W 37.26 mm 

L 28.84 mm 

W0 3.0 mm 

L0 17.7 mm 

x0 1.0 mm 

y0 6.9 mm 

h 1.57 mm 

 

The patch antenna prototypes (Fig. 6) were measured for the operating range from 1.0 GHz to 4.5 

GHz. Measurements were performed using an R&S ZVB14 vector network analyzer. 

The measured results for the reflection coefficient of the antenna prototypes (Fig. 6) are shown in 

Fig. 7, along with simulated results using Ansoft Designer software, for comparison purpose. 
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Fig. 7. Simulation and measurement results for the reflection coefficient of the antenna prototypes on the fiberglass (FR-

4) substrate using a copper clad laminate, Fig. 6(a), painted with carbon ink, Fig. 6(b), and painted with the fabricated silver 

ink Fig. 6(c). 

 

The impedance measurement results are presented in Fig. 8 for the antenna prototypes shown in Fig. 

6(a), where the patch is made out of copper, and Fig. 6(c), where the patch is painted with silver ink.  

 

                                    (a) 

 

                                          (b) 

Fig. 8. Impedance measured results for the antenna prototypes (a) painted with silver ink and (b) on a typical copper clad 

laminate. 

 

 

 

The simulated and measured results for the antenna prototypes with silver ink painted and copper 

patch elements are summarized and compared in Table III.  
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TABLE III. SIMULATION AND MEASUREMENT RESULTS FOR THE CONSIDERED PATCH ANTENNAS ON THE 

FIBERGLASS SUBSTRATE 

Parameters Silver patch element Copper patch element 

  Simulated1 Measured2 Simulated1 Measured1 

1rst resonance 

fr (GHz) 

 

2.43 

 

2.42 

 

2.45 

 

2.50 

S11 (dB) -16.46 -27.28 -15.08 -16.29 

BW (MHz) 90 110 90 70 

BW (%) 3.70 4.64 3.67 2.8 

R + jX (Ω) 36.95 - j0.77 52.46 + j3.16 34.71 + j2.89 40.70 + j8.48 

2nd resonance 

fr (GHz) 

 

3.82 

 

3.77 

 

3.82 

 

3.85 

S11 (dB) -21.54 -18.35 -24.09 -29.31 

BW (MHz) 90 120 90 105 

BW (%) 2.36 3.18 2.36 2.72 

R + jX (Ω) 45.47 - j6.62 50.08 - j12.18 46.28 - j4.73 51.45 - j3.57 

1Metallic very thin plate. 
2Metallic ink-based. 

 

The simulated and measured results for the patch antennas on fiberglass substrate using copper clad 

laminate and painted with silver ink are in good agreement, as shown in Table III. The observed 

agreement confirms that the manufactured silver ink exhibits a good potential to be used in the 

fabrication of painted microstrip patch antennas on a fiberglass substrate, which is a simple and efficient 

alternative to conventional techniques. 

Thereafter, the manufactured silver ink was used in the fabrication of a microstrip patch antenna on 

a glass substrate, to explore the simplicity and flexibility provided by this manufacturing technique. 

Fig. 9 shows a photograph of the rectangular microstrip patch antenna prototype fabricated on a glass 

substrate with relative permittivity εr = 5.5 and height h = 1.4 mm. The structural parameters (Fig. 5) 

are given in Table IV. The patch element was painted by simple air spraying using a pressurized 

reservoir which is the same technique previously used. 

 

 

Fig. 9. Photograph of the microstrip patch antenna prototype on the glass substrate painted with the fabricated silver ink. 
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TABLE IV. DIMENSIONS OF THE FABRICATED PATCH ANTENNA ON THE GLASS SUBSTRATE. 

Parameters Values 

W 34.00 mm 

L 25.9 mm 

W0 2.26 mm 

L0 15.26 mm 

x0 1.4 mm 

y0 9.0 mm 

h 1.4 mm 

 

The microstrip patch antenna shown in Fig. 9 was measured for the operating range from 1.0 GHz to 

4.5 GHz. Measurements were performed using an R&S ZVB14 vector network analyzer. 

The measured results for the reflection coefficient of the antenna prototype shown in Fig. 9, along 

with simulated results using Ansoft Designer software, are shown in Fig. 10, for comparison purpose. 

The impedance measurement results are shown in Fig. 11. 

 

 

Fig. 10. The simulated and measured results for the reflection coefficient frequency response for the antenna on the 

glass substrate painted with silver ink (Fig. 9). 
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Fig. 11. Impedance measured results for the antenna prototype on the glass substrate painted with silver ink. 

 

The simulated and measured results for the antenna prototype on glass substrate with patch elements 

painted with silver ink are summarized and compared in Table V showing a very good agreement in all 

cases.  

TABLE V. SIMULATION AND MEASUREMENT RESULTS FOR THE CONSIDERED PATCH ANTENNA ON GLASS 

SUBSTRATE 

Parameters Silver patch element 

  Simulated1 Measured2 

1rst resonance 

fr (GHz) 

 

2.44 

 

2.44 

S11 (dB) -10.8 -10.6 

BW (MHz) 20 22 

BW (%) 0.8 0.9 

R + jX (Ω) 30.4 – j 12.9 33.98 – j 23.0.3 

2nd resonance 

fr (GHz) 

 

3.80 

 

3.77 

S11 (dB) -23.3 -23.8  

BW (MHz) 88 87  

BW (%) 2.3 2.3  

R + jX (Ω) 45 – j 4.05 51.10 – j 4.02 

1Metallic thin plate. 
2Metallic ink-based. 

 

As expected, similar results were obtained for the parameters of the silver ink painted microstrip 

patch antenna on a fiberglass substrate (Table III) and on a glass substrate (Table V). This happens 

because the design values of the dimensions of these antennas (substrate height and patches’ widths and 
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lengths) and the relative permittivity values of glass and fiberglass substrates are close. 

IV. Bioinspired Frequency Selective Surfaces Design, Fabrication and Results 

Frequency selective surfaces (FSSs) are spatial electromagnetic filters which typically are composed 

of bidimensional periodic arrays on dielectric substrates. Therefore, depending on the element type 

(aperture or conductive patch) used in the unit cell; the FSS will behave like a bandpass filter (aperture 

elements) or a band-reject filter (conductive patch elements). The FSS filtering properties depends on 

the chosen substrate material, cell size, patch or aperture dimensions and format, and array periodicity 

[15], [16].  

Typical FSS patch elements are shown in Fig. 12 and can be printed on one or multiple dielectric 

layers, depending on the desired frequency performance. Similarly, thin metal sheets with aperture 

elements with the shapes shown in Fig. 12 can be used in the development of frequency selective 

surfaces (FSS). 

 

     

(a) (b) (c) (d) (e) 

Fig. 12.  Typical array elements of FSS structures are: (a) rectangular patch, (b) circular patch, (c) Jerusalem cross, (d) cross 

dipole, and (d) thin dipole. 

 

Recently, new geometries have been used as elements of FSS arrays, including slotted patches [17], 

fractals [18], combination of similar and dissimilar parallel coupled [19] and broadside-coupled 

elements [20], [21], split ring patches [22], and paper-based substrate [23]. 

The geometry of a bioinspired-shaped patch element is proposed for the development of an innovative 

FSS structure. The proposed geometry is inspired on the leaf of the Oxalis triangularis plant, showing 

that bio-inspired patch elements are suitable for FSS designs. 

In addition, the choice of the shape of leaves to define new FSS patch element geometries is related 

to the fact that in nature their shapes were optimized over years to better absorb light energy from the 

sun. In addition, some of them present self-similar structures, looking like fractal geometries. 

In this work, two 3.5 GHz ink-based bioinspired frequency selective surfaces (FSSs) are simulated, 

designed and fabricated on FR-4 fiberglass substrate. The first one is fabricated using a typical copper 

clad laminate and the second one is painted with the manufactured silver ink.  

Simulation and design are carried out using Ansoft Designer software that implements a full-wave 

electromagnetic formulation based on the method of moments (MoM), to ensure accurate analyses. The 
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chosen shape of the FSS array element is based on the Oxalis triangularis plant’s leaf which has three symmetry 

axes with leaves that looks like triangles, as shown in Fig. 13(a). The bioinspired FSS cell is designed using the 

Ansoft Designer software with the unit cell illustrated in Fig. 13(b). 

The fabrication of the ink-based FSS prototype is performed using simple spray with micro paint 

equipment on a dielectric layer, while a conventional technique for microwave integrated circuits (MIC) 

is used to fabricate the FSS on copper clad laminate.  

 

                                 

   (a)  (b) 

Fig. 13. The Oxalis triangularis plant’s leaf shape. (a) Photograph and (b) unit cell. 

Fig. 14 shows photographs of two FSSs prototypes on FR-4 fiberglass substrate with relative 

permittivity, εr = 4.4, loss tangent, tan = 0.02, and height, h = 1.57 mm. The first prototype, shown in 

Fig. 14(a), is fabricated using a typical copper clad laminate and the second one, shown in Fig. 14(b), 

is painted with the fabricated silver ink, which is synthesized from nitrocellulose.  
 

       

 

 

 

 

 

 

 

 

        (a)  (b)  

Fig. 14. Photographs of FSS prototypes with Triangularis leaf patch elements: (a) using copper clad laminate and (b) 

painted with silver ink. 

To evaluate the effectiveness of using the manufactured silver ink, a comparison is performed 

between the simulated and measured results of the transmission coefficient of the FSS prototypes shown 

in Fig. 14.  

For measurement purpose, the FSS is placed between two horn antennas connected to a network 
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analyzer, for microwave transmission (Tx) and reception (Rx), so that the FSS frequency response is 

verified through the transmission coefficient (S21) between them, as shown in Fig. 15. 

 

 

Fig. 15. Illustration of the measurement setup for experimental characterization of the bioinspired FSS. 

 

The simulated and measured results for the FSSs transmission coefficient S21(dB) frequency 

responses are shown in Fig. 16, for normal incident waves. Measurements were performed for the FSS 

placed at  = 0º, for transverse electric (TE) polarization and at  = 90º, for transverse magnetic (TM) 

polarization, where  is the rotation angle indicated in Fig. 14. The simulated and measured results are 

summarized in Table VI. A good agreement is observed between simulation and measurements results. 

 

 

Fig. 16. Simulation and measurement results of the transmission coefficient, S21 (dB), for the ink-based FSSs on fiberglass 

substrate (a) using a copper clad laminate, Fig. 14(a), and painted with silver ink, Fig. 14(b).  Rotation angles are  = 0º, for 

TE polarization, and  = 90º, for TM polarization.  
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TABLE VI. SIMULATION AND MEASUREMENT FOR THE FSS MANUFACTURED WITH COPPER CLAD AND SILVER INK. 

 

Parameters Simulated Copper clad Silver ink 

TE Polarization (θ = 0°) 

fr (GHz) 3.45 3.64 3.45 

S21 (dB) -28.54 -29.5 -30.51 

BW (MHz) 500 660 500 

BW (%) 14.49 18.13 14.49 

TM Polarization (θ = 90°) 

fr (GHz) 3.43 3.45 3.48 

S21 (dB) -33.10 -24.18 -41.6 

BW (MHz) 860 840 510 

BW (%) 25.07 24.35 14.66 

1Metallic thin plate 
2Metallic ink-based 

V. RESULTS AND DISCUSSION 

The frequency response results are presented in Fig. 7, for the patch antennas on fiberglass substrate, 

and in Fig. 9, for the patch antenna on the glass substrate, enabling a comparison between the simulated 

and measured results for the resonant frequency, reflection coefficient and input impedance, for 

example.  

For the copper clad patch antenna on fiberglass substrate, shown in Fig. 6(a), the measured results 

indicate resonant frequencies at 2.50 GHz (with a deviation of 2.04 % relative to the simulated value of 

2.45 GHz) and 3.85 GHz (with a deviation of 0.78 % relative to the simulated value of 3.82 GHz). 

For the silver ink patch antenna on fiberglass substrate, shown in Fig. 6(c), the measured results 

indicate resonant frequencies at 2.42 GHz (with a deviation of 0.41 % relative to the simulated value of 

2.43 GHz) and 3.77 GHz (with a deviation of 1.31 % relative to the simulated value of 3.82 GHz). 

In the investigation, the structural parameters of the antennas’ prototypes are the same, except for the 

fabrication processes, one painting with silver ink and the other one using chemistry to remove the 

copper plating (or by corrosion with iron chloride/perchlorate) of the copper clad laminate. 

The obtained measured results for the resonant frequencies of the patch antenna painted with silver 

ink and the patch antenna using the commercial copper clad laminate, are compared and deviations of 

3.2% (at the first resonance band) and 2.08% (at the second band) are obtained. Therefore, a good 

agreement is observed despite the differences between the physical nature of the compared patch 

antennas, one manufactured using a copper thin plate and the other one a metallic silver ink film. 

For the silver ink painted patch antenna on glass substrate, shown in Fig. 9, the measured results 

indicate resonant frequencies at 2.44 GHz (without deviation relative to the simulated value of 2.44 

GHz) and 3.77 GHz (with a deviation of 0,79% relative to the simulated value of 3.80 GHz). In addition, 

a very good agreement is observed between simulated and measured results for the antenna parameters 

as shown in Table VI. 
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The observed agreement indicates that the manufactured silver ink proved to be suitable for the 

development of microstrip antennas on glass and fiberglass substrates with some intrinsic advantages 

related to the ease manufacturing process, application on various dielectric substrates (including planar 

and curved structures), and printing of conductive patches with complex shapes. 

Fig. 16 presents the measured and simulated results for the prototypes of the bioinspired FSSs (with 

bioinspired Oxalis triangularis type elements) fabricated using copper clad laminate, shown in Fig. 

14(a), and painted with silver ink, shown in Fig. 14(b).  

For TE polarization, the FSS simulated results indicate a resonant frequency at 3.45 GHz while the 

measured results for the FSS fabricated using a copper clad laminate the resonance occurs at 3.64 GHz 

(with a deviation of 5.51% relative to the simulated value). For the FSS with patch elements painted 

with silver ink, resonance happens at 3.45 GHz (without deviation relative to the simulated value), 

indicating agreement with the obtained results for the FSS fabricated using copper clad laminate. 

For TM polarization, the simulated result indicates a resonant frequency at 3.43 GHz while the 

measured results for the FSS fabricated using a copper clad laminate the resonance occurs at 3.45 GHz 

(with a deviation of 0.58% relative to the simulated value). For the FSS with patch elements painted 

with silver ink, resonance happens at 3.48 GHz (with a deviation of 1.46% relative to the simulated 

value), indicating good agreement with the obtained results for the FSS fabricated using copper clad 

laminate. 

In addition, Fig. 16 and Table VI show that the manufactured bioinspired FSSs exhibit good angular 

stability, proving to be suitable for wireless communication systems. 

VI. CONCLUSION 

Two conductive inks, one sold commercially, based on carbon, which did not prove to be appropriate 

to the microstrip antennas manufacture, and the other one based on nitrocellulose and metallic silver 

powder, manufactured in this work, were used in the fabrication of microstrip antennas on fiberglass 

and glass substrates. It has been observed that the simulated and measured results obtained for the 

prototype antenna painted with silver ink are in good agreement, even when compared to the prototype 

fabricated using copper clad laminate results. The antennas’ prototypes painted with silver ink (on glass 

and fiberglass substrates) were tested to determine their performances related to the measurement of the 

input reflection coefficient (s11), dealing mainly with the impedance matching results. To prove the 

versatility of the manufactured silver ink, a bioinspired FSS was fabricated to investigate the silver ink 

and fabrication technique performances in the development of a larger and complex printed circuit 

geometry. Once again, it has been observed that the simulated and measured results obtained for the 

FSS painted with silver ink are in good agreement. The FSS prototype painted with silver ink (on glass 

substrates) was tested to determine its performance related to the measurement of the transmission 

coefficient (s21), dealing directly with the wave filtering results. Therefore, the proposed prototypes 

painted with the manufactured silver ink were tested for both equivalent circuit and wave scattering 
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parameters, showing consistent performances when compared to prototypes fabricated with thin 

metallic plates using copper clad laminates and the conventional technique based on perchloride of iron 

corrosion. Simulations and analyses were performed using Ansoft Designer and HFSS softwares. 

Another important issue is that nitrocellulose can be combined with other resins to give, among other 

qualities, greater flexibility and adhesion to the films, demonstrating potential for use on flexible 

substrates in conductive film formation. 
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