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Enhanced Performance of Al/Al2O3/CdSe/Bi2O3/Pt Structures Designed as High Conductance Channels, 
Negative Capacitance Sources and 5G/6G Technology Antennas
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CdSe deposited onto Al/Al2O3 substrates and partially recoated with Bi2O3 nanosheets are designed as 
multifunctional electronic devices. The device contains two channels: one formed from Al/Al2O3/CdSe/Pt 
(ACP) and the other covered with an additional Bi2O3 layer (ACBP). Band diagram analyses of the 
channels indicate that the conduction bands of CdSe and Bi2O3 are well aligned. Additionally, structural 
investigations reveal enhanced crystallinity of CdSe on Al/Al2O3 substrates. Both ACP and ACBP channels 
exhibit resonance-antiresonance (RA) and negative capacitance (NC) effects in the microwave frequency 
domain. The presence of Bi2O3 nanosheets enhances the RA phenomena and increases the NC effect by 
more than eightfolds. While ACP channels display low conductance values, ACBP channels demonstrate 
enhanced conductance by 167 times at 1.26 GHz. Furthermore, when evaluated as microwave antennas 
in the frequency range of 0.009–6.0 GHz, ACBP channels show that Bi2O3 nanosheets enhance the 
power reflection of the antennas by more than three orders of magnitude. The antennas exhibit improved 
transmission and reflection coefficients, increasing from 86.4% to 99.5% and decreasing from 13.6% 
to 0.5%, respectively, at a carrier frequency of 3.10 GHz. The smart features of the devices make them 
promising candidates for advanced electronic applications, including 5G/6G technologies.
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1. Introduction
CdSe as a light sensitive dielectric material has captured 

wide interest owing to their applications in photonic and 
millimeter antenna technology. CdSe/CdS/ZnSe tri-layers 
designed as multiple core-shell nanopillar array structure 
designed to perform as a light-trapping efficient antenna 
for broad band photo-detection applications exhibited 
photo-responsivity of 0.43 A/W and external quantum 
efficiency of 0.981. The features of these nanopillar arrays 
were mentioned promising for next-generation photodetectors 
applications1. CdSe/CdS and CdSe/CdS/ZnSe were also 
employed in the design of a room temperature terahertz 
camera. The design was based on the terahertz-visible 
photon up- conversion induced by charge transfer between 
luminescent quantum dots2. CdSe quantum dots are accounted 
as promising devices employable as dipole antenna arrays 
adequate for 5G/6G and terahertz technology3.

Although CdSe based structures showed promising 
features in antenna and photo-detection technology, they 
suffer from humidity and poor electrical conductivity4. 
Low electrical conductivity in antenna technology causes 
more energy dissipation, high loses reducing their gain 
and poor impedance matching leading to increased voltage 
standing wave ratios and narrow bandwidths5. Literature data 
mentioned that interfacing CdSe with Al2O3 is an effective 
tool to fabricate CdSe quantum dots and thin film transistors6. 

CdSe quantum dots enabled enhanced photoluminescence 
in Al2O3

6. Earlier works on this interface have shown their 
suitability for liquid crystal displays7. Because this kind of 
interfacing improved the performance of CdSe and Al2O3, 
they will be employed in this work to form a heterojunction 
device suitable for antenna and microwave technologies. 
These devices are important for mobile technology8, integrated 
sensing and communication9,10 and antenna arrays designed 
for defense technology11,12. In antenna technology attenuation 
of the dielectric permeability is necessary to control the cutoff 
frequency of the resonator. For this purpose Bi2O3 nanosheets 
are used to lower the dielectric loss in the designed cavity13. 
The nonmagnetic property of Bi2O3 caused much reduction in 
the permeability of the magnetodielectric Ni ferrite ceramics 
allowing for the fabrication of miniaturized antenna14.

Based on the above infromation one possible approach to 
enhance the antenna performance and increase the electrical 
conductivity is to isolate the semiconducting layer from 
atmosphere by coating it with a conductive oxide layer 
having cations of lower ionic radius than that of Cd+2 so that 
broken bonds existing on the surface of CdSe is reacted and 
reduced15. One of these oxide layers is Bismuth oxide. Bi2O3 
nanosheets of thicknesses of 100 nm which were deposited 
onto n-Si substrates increased the performance of Si antennas 
forcing excellent performance as quad band 5G/6G antennas16. 
The improved performance of Si antenna by Bi2O3 coating 
presented a motivation for designing a multifunction electronic 
device benefiting from the features of CdSe as dielectric 
material. The current devices are designed to perform as 
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negative capacitance sources, microwave resonators and high 
frequency antennas. The performance of the device which 
will be tested in the frequency domains of 0.01-1.80 GHz 
as negative capacitance and high conductance source, will 
also be evaluated as 5G/6G antennas in the carrier frequency 
domain of 0.009-6.0 GHz.

2. Experimental Details
Thin films of Al, CdSe and Bi2O3 are fabricated by the 

thermal evaporation technique under a vacuum pressure 
of ~10-5 mbar. All the source materials were ordered from 
Alpha Aesar firm and were of high purity (99.995%). 
The fabrication procedure was initiated by depositing Al 
films of thicknesses of (500 11± ) nm onto ultrasonically 
cleaned glass substrates. Al films were then exposed to 
air for sufficiently long period (couple of weeks) of time 
to obtain Al2O3 layer onto its surface. The thickness of the 
Al2O3 layer was measured by interferometry techniques 
(Evolution 350 spectrophotometer equipped with PIKE VEE 
MAX-II refelctometer) which measured films of thickness 
of (140 11± ) nm . The process is based on the difference 
between the thickness of the monitored film (500 11± ) nm 
and the one determined by the interferometer (640 11± ) nm. 
All films thicknesses were monitored during the evaporation 
cycles with the help of an Inficon- type STM-2 thickness 
monitor installed in the thermal evaporator (NORM-600). 
The correctness of the thicknesses was also confirmed by 
a profilometer (SOLID-IN II) capable of measuring down 
to 5.0 nm. CdSe layer thickness was (1000 10)±  nm whilst 
Bi2O3 was (100 5± ) nm. The top contacts were deposited 
onto the films by an ion coating of Pt targets of high purity 
(99.999%). A special mask designed antenna and waveguide 
arrays. The X-ray diffraction patterns were collected with 
a Rigaku Miniflex 600 XRD unit. The −p  and −n   types 
conductivities of CdSe and Bi2O3, respectively, were learned 
by the hot probe technique The impedance spectroscopy was 
measured using Agilent 4291B 0.01-1.80 GHz, equipped 
with 16453A dielectric material test fixture. The microwave 
reflection and transmission spectra were measured using 
ROHDE&SCHWARZ ZVL network analyzer 9k-6 GHz.

3. Results and Discussion

3.1. Design considerations
In this work we consider the design and fabrication of 

a class of microwave resonators used for high frequency 
applications. The device is composed of two stacked layers of 
p-CdSe (1.0 µm) and n-Bi2O3 (100 nm) deposited onto oxidized 
Al thin films (640 nm) and top contacted with platinum point 
contact of area of 0.0314 cm2. Because both of the CdSe and 
Bi2O3 exhibited similar electron affinities (qχ) of values of 
4.95 eV17,18 and 4.94 eV19, respectively, the conduction bands 
of these two layers are well aligned resulting in free electron 
transport from one layer to another. No conduction band 
offset ( 2 3 0.0 ∆ = − ≈c CdSe Bi OE q qχ χ eV) existed between the 
two layers. However, because as measured in our laboratory 
by spectrophotometry techniques, the energy band gaps 
of CdSe and Bi2O3 are 1.97 eV and 3.52 eV, respectively, 
the valence band offset ( )∆ = ∆ −∆v g cE E E  is 1.55 eV. 

This value of valence band offset is large enough to result 
in single carrier transport and wide depletion region in the 
n-side20. On the other hand, at the Al2O3/CdSe interface, 
as the electron affinity of Al2O3 is 2.38 eV and the energy 
band gap is 6.65 eV21, the conduction and valence band 
offsets are 2.57 eV and 2.11 eV, respectively. In addition, 
the work function of Al is 4.30 eV22 and that of Al2O3 is 
4.70 eV23 leading to an ohmic nature of contact. Because 
the work function ( qφ ) of n-Bi2O3 is 4.99 eV24, at the 
Pt ( Ptqφ =5.65 eV)/Bi2O3 a none ohmic (Schottky) nature 
of contact prevails at that interface. The hybrid structure 
made of Al/Al2O3/CdSe/Bi2O3/Pt (abbreviated as ACBP) 
exhibit large barrier height of 2 3= − =Pt Bi Oq q qϕ φ χ 0.71 eV 
at the Pt/Bi2O3 sides whilst no barrier exists at the Al/Al2O3 
interface exists. The energy band diagram of the hybrid 
structure is shown in Figure 1.

The experimental design also included a channel 
composed of A/Al2O3/CdSe/Pt (abbreviated ACP). The 
property of this channel is the lack of Bi2O3 nanosheets and 
as −<Pt p CdSeq qφ φ , a Schottky arm is present. This channel 
will allow visualization of the role of Bi2O3 nanosheets on 
the performance of the device.

The working principle of this device is highly complex 
and affected by the Schottky barrier. It is mostly governed by 
thermionic emission at the Pt/Bi2O3 interface and by charge 
carrier diffusion at the −p CdSe/ −n Bi2O3 interface. The 
back side of the device allows electron transport by tunneling 
due to the ohmic nature of contact. Under forward biasing 
conditions all device components contribute to the current 
follow. The relation between the values of the forward to 
the reverse currents are mainly identified by the effective 
barrier heights and donor/acceptor concentrations. Such 
features of devices are reported suitable for high-frequency, 
optoelectronic, or memory applications20,22,24.

3.2. Device fabrication
The schematic and the optical images for the ACBP and 

ACP channels are presented as inset-1 and inset-2 of Figure 2, 
respectively. The three point contacts at each side represent 
three distinct channels of similar characteristics whilst the 
two bars are designed to perform as waveguides. The distance 
between the two bars is 2.0 mm. One millimeter is on ACBP 
and another one on the ACP channel. Figure 1 also show 
the X-ray diffraction (XRD) patterns for the samples under 
study. The Al substrate displayed peaks corresponding to 
cubic Al ( 4.04 = = =a b c Å , space group 3−Fm m) and 
hexagonalAl2O3. The lattice parameters for this unit cell 
are 4.844 = =a b Å , 13.27 =c Å  and space group 3−R c) 
(Crystallography Open Database (COD: 9007635)). Al2O3 is 
formed on the surface of Al because of the purposely exposure 
of the aluminum surface to ambient air for long period of 
time. In addition, the XRD patterns of Bi2O3 nanosheets 
which are shown in Figure  1, displayed no sharp peaks 
indicating the amorphous nature of the Bi2O3 nanosheets.

On the other hand, sharp patterns of CdSe coated onto 
glass (for comparison) and onto Al substrates indicated the 
crystalline nature of the grown films. Particularly, the CdSe 
films coated onto glass and onto Al/Al2O3 substrates exhibited 
polycrystalline nature. The sharp diffraction patterns corresponded 
to hexagonal CdSe of lattice parameters of 4.30 = =a b Å, 
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7.02 =c Å, 63P mc, (PDF card no: 00-002-0330). Depositing 
the films onto oxidized aluminum substrates showed the 
same structure with slight peak shifts and intensity variations 

resulting from Al/CdSe interactions. Actually as presented 
in Table 1, the sharpest peak observed at diffraction angle of 
2 25.75= oθ  shifted to 2 25.85= oθ  and the intensity of the 

Figure 1. The energy band diagram for the Al/Al2O3/CdSe/Bi2O3/Pt devices.

Figure 2. The X-ray diffraction patterns for the device layers. Inset-1, inset-2 and inset-3 showing the schematic, the optical image and 
the enlargement of the maximum peak, respectively.
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peak increased by 9.4%). Determining the strain   
4 
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peak broadening at full wave half maximum ( β ), allowed 
gaining information about possible structural modifications. 
The structural parameters are listed in Table 1. As seen from 
the table Al substrates enhanced the crystallinity of CdSe 
by increasing the crystallite sizes from 26 nm to 32 nm, 
decreasing the strain by 19.2% and decreasing the stacking 
faults percentages from 0.30% to 0.25%. The line defects 
concentration also decreased by 34.2%. The latter result are 
worth of consideration because less defect concentration 
necessarily means improved carrier confinement within the 
active region of the device25. Such confinement increases the 
efficiency of electron transport, resulting in higher electron 
mobility and more effective device performance. In addition, 
the decreased strain values are mentioned playing a role in 
modifying the band alignment at hetero-interfaces, which 
in turn affects tunneling probabilities and barrier heights25.

It is clear that Al/Al2O3 substrates induced the crystallinity 
of CdSe. Metal induced crystallization resulted from the 
diffusion of some of the Al+3 ions into the lattice of CdSe26. 
Because the ionic radius of Al+3 being 54 pm is less than that 
of Cd+2 (97 pm), Al+3 can fill vacant sites of Cd+2 inducing 
the crystallinity of CdSe by reducing the number of broken 
bonds27. The formation of a eutectic layer between CdSe and 
Al/Al2O3 substrates can also lead to the enhanced crystallinity 
of the CdSe layer28. The eutectic layers are formed because 
of bond length of Al-Se being 325 pm29 is smaller than that 
of Cd-Se (262 pm30) which makes Se atoms having tendency 
to complete bonds with Al rather than Cd.

It can also be observed in Figure  1 that coating of 
Al/Al2O3/CdSe films with Bi2O3 nanosheets suppressed the 
sharp peaks of Al2O3 due to their weak reflections which 
became invisible with increased thicknesses of the stacked 
layers. The amorphous nature of Bi2O3 nanosheets strongly 
affect the observed XRD patterns. It can be seen from inset-3 of 
Figure 1 that the major peak of hexagonal CdSe is shifted 
toward lower diffraction angles and the intensity of the peak 
decreased (Table 1). The peak of ACBP films is broader. The 
shift in the major peak is ascribed to the lattice expansion of 
(002) planes caused by ionic substitutions and enhancement 
of lattice distortions31. The calculated structural parameters 
of these films are also presented in Table 1. The table shows 
that the crystallite size decreased from 32 nm to 25 nm, 
the microstrain, stacking faults and defect concentration 
remarkably increased. Numerically, the defect concentration 

increased from 3.46 1110×  lines/cm2 to 6.34 1110×  lines/cm2 
upon coating Al/Al2O3/CdSe films with Bi2O3 nanosheets. 
The increase in the defect concentration reaches 83.23%. 
The decreased crystallite sizes and increased microstrain and 
stacking faults percentage results from amorphization that 
starts from the amorphous surface of the stacked layers32. 
The higher dislocation density (Table  1) and high strain 
resulting from interstitial substation of some Bi+3 (103 pm) 
ions in the lattice of CdSe also accounts for the decreased 
crystallite sizes33.

The surface roughness measurements which were 
held on the samples using a profilometer have shown that 
Al/Al2O3 and CdSe films exhibited average surface roughness 
( aR ) values of 47 nm and of 13 nm, respectively. Bi2O3 
nanosheets displayed  aR values of 11 nm. Coating CdSe 
films with Bi2O3 increased the average surface roughness to 
25 nm. Literature data mentioned that increased roughness 
may result in signal attenuation at high frequencies34. The 
structural and surface roughness investigations ended with 
the result that ACP channel is of enhanced crystallinity, 
reduced roughness, decreased defect concentration and 
narrower crystallite boundaries owed to increased crystallite 
sizes. The ACBP channel exhibited higher roughness values, 
weaker crystallinity, larger crystallite boundaries and larger 
defect concentrations.

3.3. Negative capacitance and high conductance sources
To explore the possible applications of the device under 

study, the ACBP and ACP channels were sequentially imposed 
between the terminals of an impedance (Z) analyzer connected 
to material/dielectric fixture. An ac signal of low amplitude 
( ~ 0.01oV  V) of wave forms and varying frequency in the 
frequency ( f ) domain of 0.01-1.80 GHz was applied. The 
propagating signal is of the form, ±= i t

oV V e ω  with 2= fω π  
being the radial frequency. The measured admittance 
( 1/=Y Z) allows determining the capacitance (C) of the 
device through the relation35,

= =r

o

A YC
d i
ε

ωε
 	 (1)

Here, rε  is the relative dielectric constant, A is the electrode 
and  d is the thickness of the device. The capacitance spectra 
are illustrated in Figure 3a. It is clear from the figure that 
the capacitance exhibit interesting features illustrated by the 
resonance and antiresonance (RA) effects in addition to the 
negative capacitance (NC) effect. The capacitance values and 
RA peaks positions are highly influenced by the Bi2O3 coating. 
The ACBP channel displayed larger capacitance values as 
compared to the capacitance of ACP channel which lacks 
of the second oxide layer. While ACP channels exhibited 
resonance at 1.37 GHz and antiresonance at 1.51 GHz, ACBP 
channel displayed the maximum resonance at 1.19 GHz and 

Table 1. Structural parameters of CdSe films coated onto glass and Al/Al2O3.

Samples 2θ max I (a.u.) D (nm) ∈ x 10-3 SF% δ (x1011 lines/cm2)

Glass/p-CdSe 25.75 3972 26 6.28 0.30 5.26

Al/n-Al2O3/p-CdSe 25.85 4346 32 5.08 0.25 3.46

Al/n-Al2O3/p-CdSe/n-Bi2O3 25.75 2835 25 6.41 0.31 6.34
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antiresonance at 1.33 GHz. The presence of oxide layer shifted 
the resonance and antiresonance critical frequencies to lower 
frequency values. It is also noted that the difference between 
maximum positive capacitance and negative capacitance 
at RA positions is much larger for ACBP channel than that 
of ACP channel. In other words, the presence of bismuth 
oxide nanosheets enhanced the negativity of the device 
capacitance making it more adequate as NC effect devices. 
RA and NC effects in electronic devices plays important role 
in canceling parasitic capacitance effect and reducing the 
noise in circuits. NC effect is also used to reduce the effective 
voltage drop across the gate dielectric in low power devices 
and ion sensitive field effect transistors36,37. NC effect reduces 
the power dissipation in electronic devices. In addition RA 
effect can be employed for the fabrication of permittivity 
sensors38. One of the possible reasons for NC effect is the 
traps presented in the crystallite boundaries39. Minority 
carrier injection could also account for this phenomena40.

However to explore the role of Bi2O3 on the experimentally 
observed RA and NC effects, the relation between the 
geometrical capacitance or high frequency dielectric constant 
( ∞ε ) and the dynamic part of the dielectric constant. The 
RA and NC phenomena can be described by Drude-Lorentz 
approach for dielectric dispersion in which41,
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oscillator frequency and 1−=γ τ  is coefficient of electronic friction 
and known as the inverse of the scattering time constant (τ ) of 
charge carriers. n and *m  are the number density of oscillators 
and the reduced effective mass of the ACBP dielectric layer, 

respectively. 
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 41-43. For ACP layer 

the effective mass is * 0.09= om m .
Equation 2 indicate that under conditions where 1C  

is larger than ∞ + oC C , the capacitance go negative. This 
condition is satisfied if  oω . In fact, the fitting of the 
capacitance spectra which are shown by black colored circles 
in Figure 3a in accordance with Equation 2 was possible by 
substituting the values listed in Table 2. In accordance with 
the tabulated data, with the addition of Bi2O3 oxide layer 
the high frequency capacitance and the oscillator number 
increased whilst the oscillator frequency decreased and the 
scattering time constant remained constant. The enhanced 
dielectric constant or high frequency capacitance values that 
resulted from the coating of Bi2O3 layer is ascribed to the high 
polarization given by the accumulation of charge carriers at 
the additional interfaces (CdSe/Bi2O3)

44. In addition, because 
oω  is shifted from 1.45 GHz to 1.26 GHz, the difference 

between oω  and ω  become more pronounced leading to the 
enhanced NC effect in the ACBP channels.

Figure 3. (a) the capacitance and (b) the conductance spectra for ACBP and ACP channels. Inset of (a) showing the ratio of the conductance 
of ACBP channel to that of ACP channel.
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Figure 3b show the conductance spectra for the device 
channels. Although both of the channels showed the same 
trend of variation which is presented by a conductance 
increase with increasing signal frequency reaching a maxima 
at 1.48 GHz and 1.26 GHz for ACP and ACBP channels, 
respectively. For all respective  f  values larger than 1.48 GHz 
and 1.26 GHz, the conductance decreases with increasing f . 
The role of Bi2O3 nanosheets on enhancing the conductance 
of the device is evident from the inset of Figure 3a. The 
inset illustrates the ratio of the conductance of the ACBP 
channel to the ACP channel. It is clear that the conductance 
has increased by more than 20 times at low frequencies and 
enhanced more and more reaching a value of 167 times at 
1.26 GHz. The conductance is improved because of the 
incorporation of more oxygen45 within CdSe structure 
because the ionic radius of O-2 being 138 pm22 is much less 
than that of Se-2 (198 pm)40.

3.4. High frequency antennas
To explore the ability of the ACP and ACBP channels 

to perform as a network antennas suitable for 5G/6G 
communications, the channel contact points and bars were 
sequentially imposed between the terminals of a network 
analyzer generating signals in the frequency domain 
of 0.009-6.0 GHz. The experimental setup for one port 
measurement is shown as inset-1 in Figure 4a. The reference 
signal of the setup before insertion of the device under test 
was always kept near zero dB. The measured reflection 
( 11S ) and transition ( 12S ) coefficient parameters are shown in 
Figures 4a-d. Figure 4a illustrates the reflection coefficient 
parameter recorded from two point contacts (disk shaped 
antenna) each of area of 0.0314 cm2. For this type of antennas 
the signal collected from ACP channel displayed values 
larger than -10 dBs. At 1.05 GHz, at 1.47 GHz and in the 
range of 2.49-4.11 GHz it showed 11S  values of -13.3 dB, 
-17.2 dB and ~17.2 dB, respectively. ACBP channels disabled 

11 10 dB> −S  at the same frequencies with very close 11S  
values. However, a sharp reflection peak of 11 46 dB = −S
appeared at carrier frequency of 3.10 GHz. The absence of 
this peak from the spectra of the ACP channel indicates that 
the deposition of Bi2O3 nanosheets onto CdSe dielectric layer 
remarkably improved their signal collection characteristics. 
Converting the values of the reflection coefficient to a linear 
scale benefiting from the equation16,

Table 2. The parameters of the capacitance spectra for ACBP and 
ACP channels.

ACP channel ACBP channel
 C∞ (nF) 0.55 2.2

oω  (GHz) 1.45 1.26
n  (x1010 cm-3) 1.60 8.5

τ  (ns) 1.50 1.5

Figure 4. The reflection coefficients for (a) disk shaped antennas, (b) bar shaped antennas and the transmission spectra for two port 
(c) disk shaped antennas and (d) bar shaped antennas of ACP and ACBP channels. Inset-2, inset-1, inset-2 and inset-1 of (a), (b), (c), 
and (d), respectively, shows the measured contacts. Inset-1 of (a) and (c) showing the measuring probes for one-port two port antennas, 
respectively. Inset-2 of (d) showing an optical image for one of the collected signals.
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( )22 /2010dBΓ =  	 (3)

It is possible to determine the magnitude of power 
reflection (Ã). Ã showed values of for ACP and ACBP 
channels 0.136 and 5.0 310−× , respectively. An enhancement of 
the power reflection by more than three orders of magnitude 
is achieved via Bi2O3 coating. The numerical data here 
predicted a power rejection of 13.6% and transmission of 
86.4% is achieved at 3.10 GHz. Coating of the bismuth oxide 
as a second oxide layer decreased the reflection to 0.50% 
and increased the transmission to 99.5%. A highly efficient 
antenna for the ACBP channel.

Figure  4b show the output ( 11S ) achieved from bar 
shaped antennas. Bar shaped ACP channels as antennas 
exhibited 11S  values of -12.6 dB, -17.7 dB and -13.7 dB at 
carrier frequency of 1.05 GHz, 1.44 GHz and in the range of 
2.49-4.11 GHz, respectively. Once again Bi2O3 nanosheets 
enhanced the performance of the antennas allowing signal 
rejection of 7.1% and transmission of 92.9% at 3.24 GHz. 
ACBP channels are more efficient as 5G/6G antennas than 
ACP channels. For channels of similar characteristics disk 
shaped antennas are more efficient that bar shaped antennas.

Figures    4c  and 4d illustrate the power transmission 
parameters obtained for two port antennas. Here 12S  determines 
the reverse transmission power from port-2 (output) to 
port-1 (input). This type of measurement provides information 
about the level of output power that can pass from one port 
to another. The idea here is to treat the antennas as network 
antennas. Figure  4c show 12S  parameter collected on 
ACBP channel between two disk shaped antennas 4.0 mm 
apart. The experiment is displayed as inset-1 in Figure 4c. 
It is clear from the figure that efficient power transmission 
exceeding -20 dBs is possible for all carrier frequencies in 
the range of 0.009-2.46 GHz. The linear 12S  = ( )12 /2010  S dB

parameter cannot exceed 10% in that range whilst 36.3% 
pass from one port to another in the range of 3.75-6.0 GHz.

Figure  4d show the transmission parameter for bar 
shaped antennas one located on ACP and the other on 
ACBP channel. The optical image shown as inset-2 in the 
figure shows one of the collected signals. The two bars 
antennas are also shown in inset-1 of the same figure. For 
this network transmission signal remains below -20 dB in 
all the studied range except for a narrow peak detected at 
90 MHz. For most of the carrier frequencies 12S  parameter 

fluctuates between -10 dB and -20 dB. Indicating that the 
signal transmission from one port to another when they are 
2.0 mm apart varies in the range of 10%-36.3%. For carrier 
of frequency of 90 MHz, 12S  parameter reaches -36.9 dB. 
The transmission here can be as low as 1.4%. The numerical 
data for 12S  parameter indicate that even the disk shaped or 
bar shaped antennas is located on the same surface close to 
each other coupling between them is hardly possible and 
the ACBP devices can be used for the fabrication of 5G/6G 
antenna arrays.

It is interesting to compare the currency developed ACBP 
design with that of Ag/n-Si/n-Bi2O3/Pt (ASBP) quad band 
antennas16. These devices were also nominated for 5G/6G 
technology applications. ASBP devices exhibited 11S  and 

22S  parameters of values of -6 dB and -7 dB, respectively. 
The isolation between the two ports of this antenna reached 
28 dB16. ACBP devices showed more enhanced characteristics 
compared to ASBP devices. For examples, 11S  parameter 
reached 46 dB − at carrier frequency of 3.10 GHz. Signal 
transmission efficiency reached 99.5% at this frequency. 
Although the disk or bar shaped antennas are only 2.0 mm 
or 4.0 mm apart, the interference between the ports is weak 
indicating the possibility of using the ACBP antennas as 
arrays. These arrays are always employed for applications 
where enhanced signal strength, directivity, and interference 
mitigation are needed. Further comparison with other devices 
are listed in Table 3.

4. Conclusions
The study demonstrates that CdSe thin films deposited 

on Al/Al2O3 substrates and partially recoated with Bi2O3 
nanosheets exhibit multifunctional electronic properties. 
The well-aligned conduction bands and valence band offsets 
enhance charge transport, while structural investigations 
confirm improved crystallinity. The ACP and ACBP channels 
exhibit notable resonance-antiresonance (RA) and negative 
capacitance (NC) effects, with Bi2O3 nanosheets significantly 
amplifying these properties. Additionally, ACBP channels 
show substantial conductance enhancement and superior 
microwave antenna performance, with improved power 
reflection and transmission characteristics. These findings 
highlight the potential of ACBP channels for advanced 
electronic applications, particularly in high-frequency 
communication systems such as 5G/6G technologies.

Table 3. List of different antenna designs used in 5G/6G technology networks.

Antenna Type Frequency Band (GHz) S11 (dB) Additional functionality Reference

SrBi2Nb2O9 dielectric Antenna 2-4 (4G/5G) < -10 --- Abreu et al.46

Rectangular Microstrip 
Antenna Array 27.5 (5G) < -30 Didi et al.47

Cylindrical dielectric resonator 27-34 (5G/6G) < -31 RA Dutta et al.48

Quasi-Yagi antenna 27-30 (5G/6G) < -10 Lak49

Low Noise Amplifier 1-11 <-10 NC, amplifier Liu et al.50

ASBP antenna 20 (5G/6G) <-6 *MOS Alawneh et al.16

ACBP 5G/6G <-46 NC, RA Current work
*MOS: Metal-oxide-semiconductor capacitors, RA: resonance antiresonance, NC negative capacitance.
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