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Enhanced Performance of Al/Nb2O5/Pt/Nb2O5/Ag Microwave Resonators Designed as 
Bandstop Filters and Negative Capacitance Sources
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Herein stacked layers of Nb2O5 coated onto Al substrates are fabricated as microwave resonators. 
Structural and morphological analyses on these stacked layers have shown the amorphous nature of 
growth of the stacked layers. Electrically, the resonators showed negative capacitance effect accompanied 
with series and parallel resonance at three well -distinguished notch frequencies. Additionally, the 
resonators exhibited bandstop filter characteristics with notch frequency ( nf ) centered at 1.05 GHz, 
return loss ( LR ) value of 9.0 dB and voltage standing wave ratios (VSWR) of 2.12. To enhance the 
performance of the Nb2O5 microwave resonators, platinum nanosheets of thicknesses of 50 nm were 
inserted between layers of Nb2O5. Platinum nanosheets successfully decreased the surface roughness and 
increase the electrical conductivity by five orders of magnitude. Pt nanosheets additionally improved 
the values of nf , 11S , LR  and VSWR to 1.16 GHz, 0.039, 30.3 dB and 1.12, respectively. The features 
of the microwave resonators comprising Pt nanosheets in its structure are promising for using them 
in communication technology.
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1. Introduction
Niobium pentoxide is one of the oxide materials that 

have recently captured attention due to its important role 
in electronics. This material has successfully improved the 
performance of multi-qubit superconducting processors1. 
These processors experienced microwave loss, which was 
reduced by the fabrication of niobium pentoxide-based 
superconducting circuits under a high vacuum pressure1. 
Nb2O5 is also employed for the fabrication of three-dimensional 
superconducting resonators. The superconducting resonators 
have shown three resonant frequencies centered at 1.30, 
2.60, and 5.0 GHz operating at 10 mK2. This feature of the 
resonators allowed for extending the photon lifetime up to 
2.0 seconds2. In addition, due to the high thermodynamic 
stability of the niobium–oxygen system, Nb2O5 fabricated by 
the electron beam technique was used as a low-loss coplanar 
waveguide resonator3. For a coplanar resonator with a gap 
of 2.0 μm, a loss tangent of 1.5×10-7 was achieved in the 
single-photon regime3. Moreover, Nb2O5 has been used 
in thin film transistor technology, functioning as resistive 
memory devices4. These devices were fabricated with two 
different electrodes made of Au and Cu as top and bottom 
electrodes, respectively. The device displayed resistive 
switching performance with an “on/off” ratio of 105 at an 
ultra-low operating voltage down to 2 mV4.

Because of the smart features of electronic devices 
achieved by using niobium pentoxide, in this work, we are 
motivated to fabricate a new class of microwave resonators 

to perform as bandstop filters suitable for communication 
technology. The resonators are made of two stacked layers 
of Nb2O5 deposited onto aluminum thin film substrates 
serving as bottom electrodes and top-contacted with a 
silver point contact. Aluminum is selected as a substrate 
to deposit Nb2O5 because of the strong interaction between 
these two layers, forming Al2O3-Nb2O5 interacting regions 
at the nanoscale level5. These interfaced layers are employed 
as tunnel rectifiers suitable for infrared energy harvesting6.

This structure has shown rectification performance adequate 
for inclusion in rectenna arrays. These arrays are used for 
infrared energy harvesting, showing a current responsivity 
of 4.3 A/W at 0.35 V6. The novelty of the current work lies 
in fabricating microwave resonators that operate at room 
temperature and exhibit bandstop filter characteristics in 
addition to the series-parallel resonance switching property. 
Another novelty of the current work lies in enhancing the 
performance of the niobium pentoxide microwave resonators 
through the insertion of Pt nanosheets between the stacked 
layers of Nb2O5. The work will provide information about the 
notch frequencies, the magnitude of the reflection coefficient, 
the return loss values, and the voltage standing wave ratios 
of the resonators.

2. Experimental Details
The fabrication of the Al/Nb2O5/Pt/Nb2O5/Ag microwave 

resonators was initiated by depositing a thin film of aluminum 
with a thickness of 1.0 μm onto ultrasonically cleaned glass 
substrates using the thermal evaporation technique under *e-mail: atef.qasrawi@aaup.edu
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a vacuum pressure of 10-5 mbar. Next, stacked layers of 
Nb2O5 with thicknesses of 350 nm (each layer) were coated 
onto the Al substrates. These layers were deposited using 
SPT-2 type sputtering machine using high purity (99.95%, 
Alfa Aeser) Nb2O5 sputtering target. The ion coating technique 
is preferred here because it allow for producing Nb2O5 in 
a relatively shorter period of time compared to the thermal 
evaporation technique. For some of the samples, the coating 
process started by depositing the first Nb2O5 first layer and then 
coating this layer with platinum nanosheets of thicknesses of 
50 nm before stacking with the second layer. In this part of 
experiment, a high purity (99.99%, Alfa Aeser) Pt sputtering 
target was used. The top Nb2O5 layer was coated with high 
purity (99.9%) point contact Ag paste. The structural and 
morphological analyses were conducted with the help of a 
Miniflex- 600 X-ray diffraction unit and a scanning electron 
microscope (COXEM-200). The roughness and thickness of 
the films were investigated using a SOLID IN II profilometer. 
The conductivity type was determined using the standard hot 
probe technique. The room temperature electrical conductivity 
of the Hall bar shaped samples was measured with the help 
of an automated Keithley –IV-system. The impedance spectra 
were recorded using an Agilent 4291B impedance analyzer.

3. Results and Discussion
In this work, we focus on the design and characterization 

of a new class of microwave resonators (bandstop filters) 
made of niobium pentoxide thin layers. The geometrical 
design of the bandstop filters is shown as an inset in Figure 1a. 

The study here includes two types of filters: one is composed 
of two stacked layers of Nb2O5 grown onto Al substrates 
(abbreviated as ANPN-00) and the other is composed of 
two stacked layers of Nb2O5 sandwiched with platinum 
nanosheets with thicknesses of 50 nm (abbreviated as ANPN-
50). The X-ray diffraction patterns collected from these two 
devices reveal no sharp peaks except for those centered at 
diffraction angles of 2θ = 38.8° which are well known as the 
maximum reflection of face-centered cubic aluminum along 
the (111) plane direction (PDF card number 01-089-2837). 
In accordance with the XRD patterns, the grown stacked 
layers of Nb2O5 exhibit an amorphous nature of structure. 
The amorphous nature of growth is also confirmed by the 
scanning electron microscopy (SEM) technique. SEM images 
shown in Figure 1b and 1c for ANPN-00 and ANPN-50, 
respectively, display no grains even at magnifications of 
30000-40000 of the tested surface. The films are amorphous 
because they were deposited at low temperature7. Amorphous 
niobium pentoxide is reported to be preferable for use 
as electrodes in supercapacitors to store energy8. As also 
seen from Figure 1a and 1c, the insertion of Pt nanosheets 
between stacked layers of niobium pentoxide did not alter 
the structural properties and surface morphology of the films.

The absence of grains from the films indicates that the 
surface is homogeneous9. Such a phenomenon was previously 
observed by Mo doping into Ti(C, N)-based materials9. 
Smaller grains actually lead to smaller surface rugosity and 
less roughness10. This expectation is confirmed by measuring 
the roughness parameters for the devices before and after 
the insertion of Pt nanosheets. The average ( aR ) and mean 

Figure 1. (a) The X-ray diffraction patterns and the scanning electron microscopy images for (b) ANPN-00 and (c) ANPN-50 films. Inset 
of (a) showing the geometrical design of the device under study.
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root square roughness ( qR ) value of ANPN-00 devices 
decreased from aR =21 nm = 21 and aR =41 nm to aR =13 nm 
and ( qR )=38  nm, respectively, after the insertion of Pt 
nanosheets. Lower roughness values are reported to result 
from modification of the film morphology by doping10. Lower 
roughness values achieved by doping also result in higher 
electrical conductivity values11,12. Experimentally, we observed 
that stacked layers of Nb2O5 coated onto glass substrates (non-
conducting media of poor thermal conductivity) exhibited 
p-type conductivity with room temperature conductivity 
values of 7.4×10−7(Ωcm)−1. The conductivity remarkably 
increased to 1.8×10−1(Ωcm)−1 and was converted to n-type 
after the insertion of Pt layers with a thickness of 50 nm. 
The conductivity increased by five orders of magnitude. 
These achievements, which resulted in a smoother surface 
and enhanced electrical conductivity, can be ascribed to the 
ionic substitution of Pt+4 in vacant sites of Nb5+. The p-type 
conductivity usually results from the availability of excess 
anions (excess oxygen) in Nb2O5. The n-type conductivity 
indicates the existence of excess cations in the compound. 
Since the ionic radius of Nb+5 is 64 pm13 and is larger than 
that of Pt4+ (62.5 pm14), Pt4+ ions can be substituted in vacant 
sites of Nb. The bond length of Nb-O in Nb2O5 is 213 pm15, 
which is larger than that of Pt-O, reported as 202-206 pm16. 
Thus, the shorter bond lengths of Pt-O compared to Nb-O 
cause a stronger covalent structure and a more stable 
system17. The stability of the structure is also accompanied 
by a higher degree of orbital overlapping between the 
orbital states of Pt (4f145d96s1) and Nb2O5 because they are 
at higher orbital energies compared to Nb (5s24d4)18. Strong 
orbital overlapping results in the formation of orbital states 
close to the conduction band edge, thereby increasing the 
electrical conductivity of the materials. Such phenomena 
were previously observed in Pb/FeSe2 interface devices19.

The features of the ANPN-50 device structure presented 
by lower roughness and enhanced electrical conductivity 

achieved by insertion of Pt nanosheets make the device 
structure promising for use in microwave technology19,20. As a 
confirming tool, the device was top contacted with Ag point 
contact. The optical image of the device comprising three 
contact points is shown in the inset of Figure 2a. Keeping 
in mind that Pt nanosheets are not in contact with outer side 
of Nb2O5, Ag contact is preferred to establish a different 
built- in potential ( 2 5    bi Nb O Ag or AlqV q qφ φ= − ) at the Ag/
Nb2O5 interface compared to that of Al/Nb2O5. The difference 
between the potential barriers of Ag ( 4.74 Agqφ =  eV) and Al 
( 4.30 eVAlqφ =  21) is 0.44 eV. Different built in potentials cause 
the formation of an internal electric field that in turn leads 
to asymmetric electrical characteristics in hybrid structured 
devices22. This method is also known for the formation of 
microwave resonators that exhibit more than one resonance 
frequency23. It was shown that second harmonic microwave 
generation can be achieved with different built-in potentials 
of diodes23. In addition, due to the different built-in potential 
values, anti-domain structures performing as nanocapacitors 
are formed. These capacitors exhibit different resonance 
frequencies based on their internal dielectric responses24. 
For our case the strong interaction between Al and Nb2O5 leads 
to the formation of Al2O3-Nb2O5 nano- dielectric layers 
(capacitors) which satisfy these additional conditions5.

The ANPN-xx device fabricated here are connected 
between the terminals of an impedance analyzer, the measured 
conductance (G) and capacitance (C) spectra are shown 
in Figure 2a and 2b, respectively. The ac signal amplitude 
was kept at a minimum and the frequency was varied in 
the range of 0.01-1.8 GHz. It is clear from Figure 2a that 
the conductance of ANPN-00 devices shows one broaden 
and one sharp maxima centered at critical frequency values 
of 0.075 GHz and 1.685 GHz, respectively. As seen from 
Figure  2b and its inset the devices exhibit “resonance- 
antiresonance” capacitive mode at 0.055 GHz and at 
1.685 GHz. The insertion of Pt nanosheets increased the 

Figure 2. (a) The conductance and (b) the capacitance spectra for ANPN-xx microwave band filters. The inset of (a) showing the optical 
image of the sample. The inset of (b) showing the high capacitance series and parallel resonance in the high frequency domain.
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conductance value and enhanced the resonance peaks. 
A shift in the peaks positions from 0.075 to 0.172 GHz and 
from 1.685 GHz to 1.483 GHz is observed upon insertion 
of Pt nanosheets (ANPN-50) devices. The resonant peaks 
observed in the capacitance spectra are also shifted to 
0.162 GHz and to 1.467 GHz. The amplitude of the peaks 
also increased. When the device is in the anti-resonance 
mode the capacitance go negative. Negative capacitance 
(NC) effect is also a desirable feature of electronic devices 
as they cancel out parasitic effects and reduce noise from 
signals25 It can also serve as signal amplifiers21,25. NC effect 
appears when there is an imbalance between the amount of 
polarization switching and the amount of charge supplied 
to compensate for25.Variations in the NC value and in 
the position of the resonance peaks can be explained by 
analyses of the dielectric ( rε = /Cd A; d  distance between 
electrodes (film thickness) and A is the area of the electrode) 
dispersion using Lorentz approach26. The dielectric constant 
dispersion relation provides information about the free 
carrier concentration (n) in the active dielectric region. 
The dielectric dispersion in accordance with this model 
are given by the relation26,
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Here ow  is the dielectric oscillator frequency, γ  is 
electronic friction coefficient and is equal to the inverse of 
the relaxation time constant (τ ). *m  is the reduced effective 
mass of electrons and/or holes in the oscillatory system. 
ε∞ is the high frequency dielectric constant and N  represent 
the number of possible oscillators with frequencies .oiw  
The series in Equation 1 represent the dynamical part of 
capacitance or dielectric spectra. In accordance with the 
equation, NC effect will dominate under conditions which 
make this part negative and larger than .ε∞  It is clear from 
the equation that values of radial frequency (w) larger than 

0w  will be the main factor for negative values of dynamical 
part. The value itself will depend on the damping coefficient 
or electronic damping coefficient ( 1/γ τ= ). The good fitting 
of Equation 1 to the experimental data is shown by black 
colored circles in Figure 2b. It is achieved by the parameters 
shown in Table 1. The calculations shown in Table 1 are 
obtained by substituting the reduced effective mass of the 
ANPN-xx system as
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Here 2 5 0.959h Nb O om m− = 27 is the hole effective mass of 
the p −type Nb2O5, e Ptm − = om  and e Al om m− =  are the electron 
effective masses of the Pt and Al thin films, respectively. 
Aluminum is included because it represents the substrate of 
the oxide layer and is probably reacted with the Nb2O5 layer as 
previously predicted. The tabulated data provide information 
about the existence of three notch frequencies ( ow ) of values 
of 0.057 GHz, 1.05 GHz and 1.68 GHz. The most significant 
one is the one displaying highest “resonance-antiresonance” 
peak which is centered near 0.057 GHz. For this peak the 
free carrier concentration 10 38.5 10  cmn −= ×  is the highest and 
the electronic friction coefficient ( 1

iγ τ −= =(200 ns)-1) is the 
least meaning an efficient free carrier oscillation between 
resonance (series resonance) and antiresonance (parallel 
resonance) operation modes28. Basically series resonance 
dominates when the capacitive reactance is equal to the 
inductive reactance but opposite in phase. Cancelation of 
these reactances leads to a purely resistive mode of operation 
with resistive impedance (Z). In this mode of operation a 
maximum current flows in the device because the impedance 
is minimum. Such mode of operation is used for tuning 
circuits and frequency filters. In contrast to this mode of 
operation parallel resonance is associated with maximum 
impedance and minimum current flow. This condition of 
operation is used in applications such as bandstop filters 
and impedance matching networks28,29.

It is clear from Table 1 that insertion of Pt nanosheets 
between layers of Nb2O5 has shifted the notch frequency values 
(0.057 GHz and 1.05 GHz) to a higher microwave frequency 
values (0.165 GHz and 1.13 GHz) and decreased both of 
the relaxation time constants and free carrier concentration. 
The notch frequency centered at 1.68 GHz is shifted to a 
lower value of 1.47 GHz. While the scattering time constant 
decreased, the free carrier concentration associated with this 
resonance mode increased. For the series resonance mode, 
the decrease in the time constant means an increase in the 
damping coefficient or electronic friction. Electronic friction 
is referred to the dissipation of energy due to the resistance. 
As the resistance convert lost energy to heat the amplitude of 
oscillation decreases. This is also clear from the maximum 
values of the resonance peaks shown in Figure 2b. As for 

Table 1. Microwave oscillator parameters for Al/Nb2O5/Pt/Nb2O5/Ag microwave resonators.

Parameter i=
1 2 3 1 2 3

ANPN-00 ANPN-50

d(nm) 700 750

0/*m m 0.33 0.25

wo (GHz) 0.057 1.05 1.68 0.165 1.13 1.47

n ( 1010×  cm-3) 8.5 0.6 2.0 1.2 0.50 3.0

τ (ns) 200 30 62 160 42 42

C∞=10 nF, 0.0314 A = cm2.
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examples the peak centered at 0.057 GHz exhibited an 
amplitude of 136 nF and decreased to 50 nF (at 0.165 GHz) 
after insertion of Pt nanosheets. On the other hand damping 
in parallel resonance causes a decrease in the peak amplitude 
and a widening of the resonance bandwidth28,30.

Figure 3a illustrates the impedance spectra being calculated 
from the measured capacitance and conductance spectra 

( ( )22 1( )Z G wL wC− −= + −  ; L is inductance of the devices)28. 

The impedance of ANPN-00 microwave resonators increases 
with increasing signal frequency, displaying a maximum of 
108  Ω at 1.05 GHz. It then decreases with increasing signal 
frequency. Insertion of Pt nanosheets shifted the maximum 
peak to 1.16 GHz and decreased the impedance value to 
46  Ω. This value is very close to the ideal impedance value 
(50  Ω) of signal generators. The value of Z being 46  Ω 
matches the impedance of the feed. Such property solves 
the problem in feeding and extracting signals efficiently31. 
Impedance matched band filters are very necessary electronic 
components used in broadband power- line communications 
as they play vital role in noise reduction32.

Practically band filters are defined by their reflection 
coefficient spectra which are known as 11S  parameter. 

11S  parameter is calculated from the relation between the 
impedance of the load (ANPN-xx) and the source ( oZ ) using 
the equation, 11

11

1
1 o

SZ Z
S

+
=

−
 28. 11S  values of 1.0 and 0.0 means 

total rejection or transmission of ac signals through the 
device28. The data of 11 spectra are illustrated in Figure 3b. 

11S  spectra for ANPN-00 microwave resonators reach 
minimum of 11S =0.36 at a notch frequency of 1.05 GHz. 
It exhibits a near zero value ( 11 0.038 S = ) at a notch frequency 
of 1.16 GHz after the insertion of Pt nanosheets between 
layers of Nb2O5. The features of ANPN-50 devices are very 
close to the ideal bandstop filters performing with perfect 
return loss ( ( )1120logLR S= − ) and voltage standing wave 

ratios ( 11

11

1
1

SVSWR
S

+
=

−
). The return loss and  VSWR spectra are 

illustrated in Figure 4a and 4b, respectively. From practical 
point of viewing the higher the rL  value is the better the 
match the more efficient the transmission28. The return loss 
is a measure of the power that is not absorbed by the load 
and is therefore returned to the source. Hence good match 
requires  LR  values larger than 20 dB. In the same context 
VSWR spectra give information about the peak voltage 
that can be found on a power line under imperfect match 
conditions28. It is a measure of the “goodness” of a match. 

1.0VSWR =  values stands for perfect matches while open loops 
are associated with VSWR = ∞28. As seen from Figure 4a and 4b 
ideal parameters are found for ANPN-50 bandstop filters. 
Numerically 30.5 LR =  dB and 1.15 VSWR =  are reached at 
1.16 GHz. Hence ANPN-50 band filters with the notch 
frequency being 1.16 GHz and 30.5 LR =  dB and 1.15VSWR =  
are promising for using the device as microwave resonators 
exhibiting band-stop filter characteristics.

Literature data reported possibility of fabrication of 
microwave resonators to perform as antenna from Al2O3-
Nb2O5 composites33. The microwave antenna showed bandstop 
filters characteristics with 11S  parameter spectra exhibiting 
resonance at 5.5 GHz33. For composites comprising Nb 
content of 2.5 Wt% the return loss values and resistance 
values are found to be 30.12 dB and 53.27  Ω, respectively. 
Increasing Nb content to 7.5 wt % changed these parameters 
to 38.91 dB and 48.94  Ω, respectively33. Further increase 
in Nb content decreased the value of rL  and increased the 
resistance slightly33. That work predicts that filling of Al 
vacant sites by Nb and bringing these two oxidized metals 
together is an ideal process to fabricate microwave antennas. 
However the preparation procedure of these antennas was 
hard as it required large size samples. The resonators are 
achieved by milling powders for one hour, pressing at 
220 Pa for 5 minutes and sintering at 1350 oC for 5 hours33. 

Figure 3. (a) The impedance and (b) the magnitude of the reflection coefficient spectra for Al/Nb2O5/Pt/Nb2O5/Ag microwave resonators.
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The work here requested ~10 minutes to deposit Al thin 
films and ~12 min. to coat Al with Nb2O5 and Pt. in an area 
of 1.0 cm2 one may produce a resonator array of at least 
25 resonators within the area of one powder pellet. Hence 
we believe using the low dimensional technology to produce 
these resonators may be more attractive as they are of low 
cost and prepared in a shorter period of time compared to 
ceramic samples.

Table 2 reports the comparison between different device 
structures which highlights the superior performance and 
versatility of the newly designed Al/Nb2O5/Pt/Nb2O5/Ag 
heterojunction. This device excels in multiple areas, functioning 
as a bandstop filter, NC source, and antenna, all while operating 

at a frequency of 1.16 GHz with a significant loss return value 
of 31 dB. In contrast, other devices, such as the Pb/FeSe2/
Ag19, operate at a much higher frequency of 100 GHz but lack 
compatibility with NC applications, limiting their versatility. 
The Al2O3-Nb2O5 composites33, although effective as antennas 
and bandstop filters at 5.5 GHz with a similar return loss value, 
do not offer the same range of applications as the current 
design. The MgO/GaSe0.5S0.5

29 heterojunction, used primarily 
as a microwave resonator, operates at 1.37 GHz but is less 
adaptable compared to the Al/Nb2O5/Pt/Nb2O5/Ag device. 
Additionally, while some devices34-40, like the Pb(Zr0.3Ti0.7)
O3-1 heterojunctions34 and piezoelectric transformers39, are 
specialized for specific applications such as wireless multiferroic 

Table 2. Comparison between different device designs and their potential applications.

Device structure NC nf RL(dB) Application Ref.

Al/Nb2O5/Pt/Nb2O5/Ag 
heterojunctions YES 1.16 GHz 31 Bandstop filter, NC source, antenna *

Pb/FeSe2/Ag NO 100 GHz 6G technology Alharbi et al.19

MgO/GaSe0.5S0.5 heterojunction YES 1.37 GHz Microwave resonator Qasrawi et al.29

Al2O3-Nb2O5 composites NO 5.5 GHz 30 Antenna, bandstop filter Oliveira et al.33

Pb(Zr0.3Ti0.7)O3-1 heterojunctions NO 30 kHz Wireless multiferroic memristor Wang et al.34

Spoof surface plasmon polaritons NO 600 GHz 50 Bandstop filters Wang et al.35

Parallel coupled lines NO 3.7 GHz 20 bandpass filters Wen et al.36

Adjustable resistor NO 2.21-4.65 GHz 19 Wideband pass filter Wen et al.37

Microwave resonators (polymer) 3.0 GHz 25 Detection of volatile organic compounds Ma et al.38

Piezoelectric transformer YES 37 kHz Magneto-electric antenna Xiao et al.39

Magnetic conductor NO 9.5 GHz 20 Reconfigurable Reflector Antenna Zha et al.40

Microstrep circular disk NO 5.82 GHz 10 bandpass filters Qin et al.41

*Current work

Figure 4. (a) The return loss and (b) the voltage standing wave ratios spectra for Al/Nb2O5/Pt/Nb2O5/Ag microwave resonators.
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memristors or magneto-electric antennas, they do not match 
the broad applicability and performance metrics of the current 
design. This makes the Al/Nb2O5/Pt/Nb2O5/Ag heterojunction 
not only superior in terms of its multifunctionality but also 
compatible with or surpassing other advanced devices across 
various technological applications.

It is worth mentioning that the bandwidth of the Ag/
Nb2O5/Pt/Nb2O5/Ag device can be controlled through several 
techniques. Adjusting the thickness of the Nb2O5 layers 
allows for tuning the resonant frequencies, with thicker layers 
broadening the bandwidth and thinner layers narrowing it. 
Modifying the material properties of the layers, such as their 
dielectric constant or refractive index, through doping or 
external electric fields, also impacts the bandwidth. Structural 
changes, like introducing periodic patterns or metasurfaces, 
further allow fine-tuning. Additionally, controlling the incident 
angle and polarization of incoming waves, along with applying 
temperature changes or external fields, can dynamically 
alter the bandwidth. Lastly, adjusting the interlayer coupling 
between the Nb2O5 and metal layers (Pt and Ag) can influence 
the resonance strength, thereby affecting the bandwidth. 
These methods together provide a comprehensive approach 
to optimizing the device’s bandwidth for specific applications.

4. Conclusions
In the current work, we have employed thin stacked layers 

of niobium pentoxide to fabricate resonators workable in 
the microwave frequency domain. The stacked layers were 
coated onto Al thin film substrates and subjected to structural 
and morphological analyses. Niobium pentoxide resonators 
are formed from amorphous layers. The resonators showed 
negative capacitance effect associated with series and parallel 
resonance in three frequency ranges. The performance of 
these resonators was enhanced by insertion of Pt nanosheets 
of thickness of 50 nm between layers of niobium pentoxide. 
Platinum nanosheets decreased the impedance of the 
resonators and improved the reflection coefficient ( 11S ), the 
return loss ( LR ) and the standing wave ratios (VSWR). Ideal 
bandstop filter characteristics with 11=0.039, 30.3 LR =  dB 
and VSWR=1.15 are achieved for bandstop filters composed 
of two stacked layers of Nb2O5 deposited onto Al films and 
comprising Pt nanosheets in its structures. The features of 
these filters are promising as they have potential uses as 
negative capacitance sources and bandstop filters.
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