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ABSTRACT 

Microstrip patch antennas (MPAs) 

are favored for their compactness and ease 

of integration, especially in wireless 

communication. Incorporating nickel zinc 

ferrites (NZF) as the radiating patch 

enhances the MPA performance by 

improving both bandwidth and return loss. 

However, optimizing the NZF properties is 

challenging, particularly through the 

introduction of Mg dopants, which can 

further enhance the performance of MPAs. 

Mg-NZF with Mg = 0.0 to 0.6 

concentrations were synthesized using the 

mechanochemical technique. The effect of 

Mg variations on the NZF was 

characterized by their structural, 

microstructural and magnetic properties. 

The performance of the Mg-NZF as a 

radiating patch in MPA was evaluated 

through return loss and bandwidth 

measurement in the X-band frequency. 

XRD analysis confirms a single-phase 

spinel structure regardless of Mg 

concentrations, with a slight lattice 

parameter ranging from 8.3818 to 8.4010 Å 

attributed to Mg incorporation. Two main 

bands near 569.42 cm-1 and 425.66 cm⁻¹ 

correspond to intrinsic vibrations of 

tetrahedral and octahedral Fe³⁺–O²⁻ 

complexes. EM measurements show that 

MPA with Mg = 0.4 achieved the highest 

negative return loss of -37.98 dB at a 

resonant frequency of 7.95 GHz and a 

bandwidth of 1.12 GHz. Mg substitution 

improved the saturation magnetization 

(62.07 emu/g at x = 0.4), which enhanced 

impedance matching and radiation 

efficiency, leading to the highest return loss 

(-37.98 dB) and bandwidth (BW) (1.12 

GHz) at 7.95 GHz. This increase in Ms 

correlates with improved superexchange 

interactions between magnetic moments. 

The combination of NZF and Mg leads to 

significant improvements in the 

microstructure and magnetic properties, 

facilitating better tuning and efficiency in 

the MPA performance. 

Keywords— microstrip patch antenna, 

nickel zinc ferrites, magnesium dopant, 

magnetic properties, return loss 

optimization 
(empty line) 

1.0 INTRODUCTION  

Undoubtedly, one of the most 

significant technologies nowadays is 

wireless communication technology 

because it enables communication without 

physical cables, allowing people to connect 

regardless of location. In addition, it also 

offers lower infrastructure costs and 

integrates a broad range of services and 

applications to meet the needs of users [1]. 

The rapid development of wireless 

communication technologies in the last 

decade has led to a new age of connectivity, 

driven largely by the advancements in 5G 

network. Antenna plays a central role as a 

critical interface between radar and 

wireless communication systems and the 

external environment. It transmits and 

receives radio frequency signals across 
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diverse applications without noticeable 

interruptions or disruptions [2]. In order to 

accommodate the latest and most advanced 

technology, several electrical and 

microwave equipment are being updated 

daily in terms of both model and features. 

The evolution of wireless device models 

and trends, as well as the modifications of 

antennas, are all comparatively significant. 

The effectiveness of these systems is 

heavily influenced by the design and 

placement of antennas, as improper 

installation or positioning often leads to 

poor performance [3].  

In modern microwave and wireless 

engineering, the growing demand for 

compact antenna systems has made antenna 

miniaturization become a significant 

research focus. Among the various antenna 

structures, microstrip patch antennas 

(MPAs) have gained a lot of attention 

because of their compact profile. In fact, 

MPA also considered as the modest form of 

the antenna arrangement which used the 

microstrip technique for fabrication 

purpose to keep the antenna size small and 

can be simply mounted on a circuit board 

[4]. Despite its compact size, MPA also 

offered distinct characteristics such as, low 

cost, light weight, low profile and patching 

in various geometric shapes.[5]. 

The strong and growing demand for 

antennas that can operate efficiently at high 

frequencies is driven by the need for higher 

data rates, wider bandwidth, and improved 

resolution in modern systems, and this 

demand has been increasing across several 

fields, including satellite systems, radar 

systems and Internet of Things (IoT). 

However, there are still a great deal of 

problems and limitations that must be dealt 

with; the narrow bandwidth and the 

efficiency of the radiation will be poor due 

to the small size of the antenna, leading to 

degradation in antenna performance. In the 

early development of antennas, metal was 

chosen as a radiating element because of its 

high conductivity and to maximise the 

radiation efficiency. While traditional 

materials offer stability, they may face 

limitations. Their inherently narrow 

frequency bandwidth makes them only 

effectively operate within a limited range of 

frequencies [6]. Besides, due to the intrinsic 

characteristics of metal, the traditional 

metal-based antennas are corroded easily, 

causing economic losses and degrading 

performance and lifespan. Several methods 

have been employed such as radome, 

sacrificial anodes protection and alloys 

with corrosion-resistance in order to reduce 

the corrosion of antenna. However, these 

approaches are often costly to 

implement and reduce metal conductivity, 

hence negatively impacting radiation 

efficiency [7]. 

Thus,it was necessary to investigate 

radiating patch materials with improved 

performance characteristics. To address 

these limitations, ferrite-based MPA is 

proposed as an alternative to the 

conventional metallic layer in the antenna 

patch. The study analyzes how Mg 

substitution in nickel zinc ferrite modifies 

the structural and magnetic properties of the 

material and evaluates the resulting impact 

on impedance matching and bandwidth 

enhancement in MPAs. The MPA design 

was developed for X-band applications due 

to this frequency range is relevant 

especially for satellite communication, 

Internet of Things (IoT) systems, and 

defense radar, where compact size, stable 

radiation characteristics, and reliable high-

frequency performance are essential. 

(empty line) 

2.0 THEORY/LITERATURE 

REVIEW 

Ferrite-based materials provide a 

low cost and stable alternative for patch 

fabrication [8].Spinel-type ferrite has 

increased tremendous interest among 

researchers due to its excellent magnetic 

and dielectric performance, along with its 

physical and chemical stability. Within the 

subclass of ferrites, Ni–Zn ferrites are 

considered the most adaptable ferrites as a 

result of their novel characteristics that 

make them ideal for high-frequency 

applications [9]. Ni-Zn ferrites are widely 
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utilized as core materials in numerous 

electromagnetic devices and extensive 

industrial applications, including inductors, 

microwave components, power supplies, 

transformers for both high and low 

frequencies and antenna rods [10]. These 

wide range of applications are owing to 

their high saturation magnetization, high 

magnetic permeability, good chemical 

stability, exceptional mechanical strength, 

high curie temperature (570 °C) and low 

losses [11]. Moreover, the high resistivity 

(106 Ω cm) of Ni-Zn ferrite make them a 

good candidate to be used in high frequency 

antennas in order to minimal the eddy 

current losses [12]. Beyond its excellent 

properties, Ni-Zn ferrites also offer great 

potential for enhancement due to their 

adaptable valence state, distinctive 

electronic configuration, and flexible 

structure, hence providing numerous 

opportunities for improvement [13]. Zhang 

[14] reported the MgZnFe2O4 have large

magnetization values compared to

ZnFe2O4, which basically approaches zero.

Navneet et al. [15] discussed the magnetic

moment measurements due to the

incorporation of  Mg in Ni–Zn spinel

ferrites. The saturation magnetization first

increases and then decreases with an

increase in the concentration of Mg2+ ions.

The values of coercivity decrease with an

increase in Mg2+ concentration. With this

motivation, it is expected that an

appropriate amount of Mg2+ substitution

can modify the overall ferrite structure,

enhancing the permeability and

magnetization of the sample, thereby

achieving better impedance matching.

Improved impedance matching will lead to

superior antenna performance by reducing

return loss, allowing the antenna to transmit

signals more efficiently and at maximum

strength.

3.0 MATERIALS 

For the synthesis; Iron (III) oxide 

(Fe2O3) (96 %), Nickel (II) oxide (NiO) (99 

%), Zinc oxide (ZnO) (99 %), Magnesium 

oxide (MgO) (99 %), α-terpineol (90 %), 

m-xylene (99 %) and linseed oil were

procured from Sigma-Aldrich. All the

chemicals and materials were used without

further purification.
pty line)

4.0 EXPERIMENTAL 
(empty line) 

4.1 Synthesis of Mg-NZF 

Ferrite powders Mg-NZF, with the 

general formula Ni0.3Zn0.7-xMgxFe2O4 

(x = 0.0, 0.2, 0.4 and 0.6) were synthesized 

using the mechanochemical technique [16].  

Stoichiometric quantities of iron oxide, 

nickel oxide, zinc oxide and magnesium 

oxide that have been calculated with mol 

percentages were milled for 6 hours using a 

Cole-Palmer BM-450 SPEX equipped with 

a hardened steel vials and balls. The steel 

vial and grinding balls were used, and the 

ball-to-powder weights ratio of (BPR) 10:1. 

The milling was performed at 1450 rotation 

per minute (rpm) at room temperature in a 

deionized water medium. The obtained 

mixture was dried in the oven at 80 °C for 

12 hours and then calcined at 800 °C for 

2 hours in an air atmosphere. The calcined 

powders were milled again at 1450 rpm 

rotation speed for a milling time of 1 hour. 

The dry powders were granulated with 

2 wt% PVA (Polyvinyl Alcohol) binder and 

pressed into toroidal shaped at a pressure of 

5 tonnes. Subsequently, samples in powder 

and toroidal forms were underwent the 

conventional final-stage sintering process 

at 1200 °C for a duration of 8 hours in air, 

with a heating rate of 4 °C per minute. 
 line) 

4.2 Fabrication of Mg-NZF based 

patch antenna 

The basic configuration of MPA 

generally consist of ground plane, dielectric 

substrate, radiating patch and feeding part. 

The ground plane is the lowest layer is often 

made of material that conducts electricity, 

whereas the substrate which is intermediate 

layer is most commonly from the material 

which has dielectric constant εr in the range 

of 2.2 to 12. The radiating patch is 

positioned on the top layer in antenna 

configuration and a microstrip feedline is 

Proceeding of the 9th International Symposium on Advanced Materials and Nanotechnology 
(iSAMN2025), October 29-30, 2025

82



positioned centrally along the width of the 

rectangular patch and etched on the same 

substrate layer. The patch antenna is wider 

than the feed line. The feed dimensions are 

selected to provide an impedance close to 

50 ohms, which enables impedance 

matching between the feed and the patch 

antenna. [17]. With proper matching, 

energy is coupled more efficiently to the 

patch, resulting in better antenna 

performance. MPA was fabricated using a 

screen-printing technique. The screen 

printing technique was chosen over 3D 

printing because it is low cost, high material 

utilization and suitability for large area 

mass production [18]. This technique offers 

ease of operation and provides superior 

compatibility that can be used for large 

scale production on different substrates, 

including fabrics and polymers [19]. The 

organic binder was firstly prepared by 

mixing 85.0 wt% linseed oil with 12.5 wt% 

m-xylene using magnetic stirrer at 250 rpm

for 3 hours. Then, 2.5 wt% α-terpineol was

added to the mix and then continued stirring

for another 2 hours [20]. The prepared

binder was added to the sample powder

with different powder to binder weight

ratios and mixed using a vortex mixer for

30 minutes to obtain a homogenous paste

for thick film printing. The FR4 substrate

was selected due to its low cost [21] and

high mechanical strength [22]. The

prepared thick film paste was printed screen

printed onto the FR4 substrate using a silk-

screen frame and squeegee, then underwent

dried and fired at 200 °C for 30 minutes to

ensure adhesion of the thick film paste onto

the substrate. A subMiniature connector is

then adhered to the patch antenna by using

silver paste and copper tape for further

measurement. The schematic diagram of

the fabricated MPA and its specifications

are given in Fig. 1 and Table 1,

respectively.
mp

4.3 Characterization 

The structure of the sintered sample 

was measured by using Rigaku Miniflex II 

X-ray Diffractometer. Images of their

microstructure were obtained using a 

scanning electron microscope (SEM, JEOL 

JSM-IT200). The Fourier transmission 

infrared (FTIR) measurements in the 

studied samples were carried out (contained 

within a KBr matrix) by Perkin Elmer 

Spectrum 100 Spectrometer in a region of  

wave number from 400–4000 cm-1 to 

determine the functional groups and bonds 

in all materials. Magnetic hysteresis loops 

were measured by using a vibrating sample 

magnetometer (VSM, Lake Shore 7410). 

The performances of the microstrip patch 

antenna were measured with return loss 

analysis using PNA N5227A Vector 

Network Analyzer. 
(empty line) 

Fig. 1 Configuration of a rectangular MPA. 

TABLE 1: Specifications of patch antenna 

Parameter Value 

Dielectric constant, εr 4.3 

Substrate thickness, h 1.6 mm 

Patch width, wp 15 mm 

Patch length, lp 11 mm 

5.0 RESULTS AND DISCUSSION 
(empty line) 

5.1 XRD Analysis 

Fig.2 shows the multi-plot of 

X-ray diffraction spectra of the sintered

Ni0.3Zn0.7-xMgxFe2O4 (x = 0.0, 0.2, 0.4 and

0.6) samples at 1200 °C. The diffraction

patterns are listed to (220), (311), (222),

(400), (422), (333), (440), (620), (533) and

(622) reflection planes, accordingly at 2θ

values of 30.06°, 35.40°, 37.03°, 43.022°,

53.37°, 56.97°, 62.56°, 70.98°, 74.01° and

75.02°. The diffraction peaks found are
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notable because they closely corresponding 

to the standard crystallographic phase as 

mentioned in reference code 98-006-8765 

and also to those found in earlier research 

on spinel ferrites [21, 22]. The most intense 

(311) plane confirms the formation of a

single-phase face centred cubic spinel.

The samples do not exhibit any significant

changes in peak position or additional

impurity phase, which suggests that the

Mg2+ is completely incorporated in the host

nickel zinc ferrite lattice [25]. The d

spacing, lattice constant and unit cell

volume were calculated using the most

prominent peaks (311) in each sample, as

shown in Table 2. The lattice constant, a

was determined via the following formula

[26]:

2 2 2a d h k l= + +      (1) 

where d is the interplanar spacing and hkl 

are the Miller indices of the lattice planes. 

The lattice constant for the (311) peaks of 

Mg-substituted NiZn ferrites as shown in 

Table 1, initially increased from 8.3891 Å 

to 8.3950 Å at (x = 0.2), then decrease in 

value of lattice parameters 8.3818 Å at 

(x = 0.4) and later increased to 8.4010 at 

(x =0.6) with increased concentration of 

Mg. The resultant variation in lattice 

parameter does not appear to be a simple 

linear function. Based on the fact that the 

radius of Mg2+ ions (0.72 Å) has a smaller 

ionic radius compared to that of Zn2+ ions 

(0.74 Å). The lattice parameter was 

expected to decrease with increasing 

magnesium substitution, following 

Vegard’s law However, deviations from 

Vegard’s law may occur due to the 

preferential occupation of Mg2+ ions at both 

tetrahedral and octahedral sites, which 

modifies the local lattice strain [27]. 

Fig.2: X-ray diffraction patterns for Ni0.3Zn0.7-xMgxFe2O4 (x = 0.0 to 0.6). 
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TABLE 2: Structural parameters based on XRD spectra for Mg substituted NZF 

Mg 

concentration, x 

Peak 

position (°) 

Most intense 

phase 

Space 

group 
(hkl) d-spacing a (Å) 

0.0 35.4915 NiZnFe2O4 Fd3m 311 2.52938 8.3891 

0.2 35.4658 MgNiZnFe2O4 Fd3m 311 2.53115 8.3950 

0.4 35.5228 MgNiZnFe2O4 Fd3m 311 2.52722 8.3818 

0.6 35.4388 MgNiZnFe2O4 Fd3m 311 2.53302 8.4010 

Vegard’s law However, deviations from 

Vegard’s law may occur due to the 

preferential occupation of Mg2+ ions at both 

tetrahedral and octahedral sites, which 

modifies the local lattice strain [27].  

5.2 SEM Analysis 

      Scanning electron microscopy 

(SEM) was utilized to examine the 

microstructure and morphology of ferrites. 

Fig. 3 shows SEM image captured at 7000 

x magnification with a 2 µm observation 

range, alongside histograms illustrating the 

particle size distribution. The magnesium 

concentration in Ni-Zn ferrites was found to 

significantly affect the particle size and 

structural shape. From the micrographs, it 

is obvious that the samples exhibit 

mostly polygonal shapes with flat and 

faceted faces. There are no obvious large 

pores or necks between grains, indicating 

sintering has progressed beyond initial neck 

formation and particle rearrangement. The 

microstructure seems uniform and dense, 

typical of a material after high temperature 

sintering where grain growth and 

densification are dominant. Moreover, the 

randomly selected 200 particles from the 

SEM images were represented as whole 

particles to measure the particle size 

distributions by using a J-image software. 

The effect of Mg2+ ion towards the particle 

size distribution can be observed in 

histograms in Fig 3. The average particle 

sizes of samples of obtained have ranges 

between 2.33 µm to 3.33 µm as Mg content 

increased from x = 0.0 to 0.4. As reported 

by [28], Mg acts as a sintering aid by 

promoting grain growth and enhancing 

densification. This aligns with the observed 

increase in particle size with higher Mg 

content and the microstructural evolution in 

the samples. 

Fig.3: Continued 

(a) x = 0.0
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Fig.3: SEM micrographs under magnification of 7000× with corresponding histograms of particle size 

distribution of Ni0.3Zn0.7-xMgxFe2O4 samples sintered at 1200 °C. 

(b) x = 0.2

(c) x = 0.4

(d) x = 0.6
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5.3 FTIR Analysis 

      The analysis of chemical 

bonding of the sintered Ni0.3Zn0.7-

xMgxFe2O4  samples has been carried out by 

using Fourier transform infrared 

spectroscopy (FTIR) [29]. Fig 4. shows the 

spectrum measured in the region of 4000-

400 cm-1. The FTIR spectra of all examined 

powder series exhibit two prominent 

absorption bands, v1 (about 570 cm-1) and 

v2 (about 429 cm-1) in the range of 400-600 

cm-1. These two absorption bands are

defined as [23]:

1

2

k
v

c 
= (2) 

where v is the wavenumber, c is the 

speed of light, k is the force constant and 

µ represents the reduced mass of ions. The 

observed absorption band reveals the 

formation of a single phase spinel structure 

[30]. The absorption band at 569.42 cm-1 

and 425.66 cm-1 is attributed to the intrinsic 

stretching vibration of Fe3+–O2- in 

tetrahedral and octahedral site respectively  

[31]. The v2 band shifts shifts towards 

higher wavenumber side with increasing 

Mg2+ content, indicating reduced Fe-O 

bond length due to site substitution. This 

can be attributed to the fact that Mg2+ ions 

might be occupying the octahedral sites. As 

Mg2+ ions (0.72Å) have a larger ionic 

radius than Fe3+ ions (0.55Å), they push the 

Fe3+ ions towards oxygen ion resulting in 

decreased Fe3+-O2- bond length. Hence, the 

shorter the bond length corresponds to the 

stronger bond (larger k) which in turn may 

be responsible for the increase the 

fundamental frequency of vibration of the 

tetrahedral site [15]. In addition, an increase 

in force constants (k), reflects the stronger 

of bonding within the crystal lattice, 

particularly between the cations and 

oxygen ions [31]. The peaks present at 

1380.53 cm-1 and 1622.66 cm-1 are 

attributed to carboxyl group (COO-) and 

stretching of C-H bonds respectively. 

While the broad peaks at 3413.61 cm-1 were 

linked with stretching vibration of the O-H 

group in the samples [32]. 

Fig 4: FTIR spectra of Ni0.3Zn0.7-xMgxFe2O4 (x = 0.0, 0.2, 0.4 and 0.6) 
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5.4 Magnetic Properties 

      The magnetic nature of the 

prepared Mg-NZF samples was analyzed 

using vibrating sample magnetometer 

(VSM) by applying a  maximum magnetic 

field (±12 kOe) which indicates that the 

samples exhibited magnetic behavior. 

The room temperature of magnetization 

(M) versus magnetic field (H) curves

(hysteresis loop) of prepared samples are

displayed in Fig 5. The narrow breadth

(S-shaped) of the hysteresis curve and small

Hc values signify that this sample is a type

of soft ferrite, which can be easily

magnetized and demagnetized under low

applied magnetic field [33]. Table 3 shows

the quantitative results of saturation

magnetization (Ms) and coercivity (Hc),

which were determined to be in the range of

(47.46–62.07) emu/g and (34.51–38.37) Oe

respectively. Generally, magnetization

increases as the applied magnetic field is

raised, until it reaches a saturation point at

higher fields where all magnetic moments

are fully aligned. Beyond this saturation,

increasing the magnetic field does not

significantly increase the magnetization, as 

the material attains its maximum magnetic 

response. It was found that the saturation 

magnetization (Ms) increases up to 62.07 

emu/g at a Mg concentration of x = 0.4. As 

the concentration is increased further to 

x = 0.6, the saturation magnetization value 

decreases to 54.32 emu/g. In Ni-Zn ferrites 

system, Zn2+ ions strongly prefer to occupy 

the tetrahedral (A) sites, while Ni2+ and 

Mg2+ ions mainly occupy the octahedral (B) 

sites. Fe3+ ions have an equal tendency to be 

distributed between both A and B sites. The 

saturation magnetization is influenced by 

the distribution of Fe3+ ions among the 

tetrahedral (A) and octahedral sites (B) 

[23]. By increasing the concentration of 

Mg2+ (0 µB) ions displace the Fe3+ (5 µB) 

ions from the A site to B site, eventually 

will enhances A-B super exchange effect 

and results in an increased value of Ms. 

Despite of cation distribution, the increased 

of grain size at x = 0.4 facilitated magnetic 

domain alignment, resulting in the highest 

magnetization (62.07 emu/g). 

Fig 5: Magnetic hysteresis loop of Ni0.3Zn0.7-xMgxFe2O4 (x = 0.0, 0.2, 0.4 and 0.6) 
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TABLE 3: Variation of magnetic parameters with different Mg concentrations 

Mg concentration, x 

Saturation 

Magnetization, 

Ms (emu/g) 

Remanence 

Magnetization, 

Mr (emu/g) 

Coercivity, 

Hc (Oe) 

0.0 47.46 2.43 34.51 

0.2 56.70 3.44 38.37 

0.4 62.07 3.73 38.06 

0.6 54.32 3.18 37.42 

5.5 Return Loss 

The performance of an antenna 

depends on several performance metrics 

such as S-parameter (S11) and bandwidth. 

The variations of return loss (RL) as a 

function of frequency of silver patch and 

Mg substituted NZF is depicted in Fig. 6. 

The values of RL at corresponding 

operating frequency and -10 dB bandwidth 

are tabulated in the Table 4. The RL 

indicates that how perform an antenna 

could transfer power from a source to the 

antenna [34]. From Fig. 6, it could be 

observed that, the silver sample exhibited a 

lowest negative return loss of -19.35 dB, 

indicating relatively poor impedance 

matching. Increasing concentration of 

magnesium from 0.0 to 0.4 significantly 

enhances the microwave absorption 

properties of the samples, which 

demonstrates a substantial increment of 

negative RL of the samples starting from 

-33.17 dB to -37.98 dB. It can be seen that

each material has a strong ability to absorb

microwaves. The antenna at x = 0.4 exhibits

the highest negative return loss (-37.98 dB),

which align with the output from SEM and

saturation magnetization. The magnesium

concentration in NZF was found to

significantly influence the particle size and

structural morphology. The increase in

particle size may enhance the relative

permeability, which in turn contributes to

an increase in the net magnetic moment and

consequently higher Ms. This improvement

facilitates better impedance matching

between the patch and the feed line. As a

result, more efficient power transfer is

achieved, leading to the observed higher

negative RL. The measured bandwidths  for

Fig 6: Return loss (S11) characteristics of Ni0.3Zn0.7-xMgxFe2O4 based MPAs; the –10 dB reference is shown 

by the dotted line 
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all samples are in the range of 0.49-1.12 

GHz. The bandwidth was defined as the 

difference between the highest and lowest 

frequencies in a continuous band of 

frequencies. The bandwidth of the of Mg 

substituted NZF based patch antenna was 

measured at -10 dB, which meets the 

accepted antenna design standard as it 

indicates that the antenna reflects only 10% 

of the power while radiating at least 90% 

effectively [35]. The overall observations 

about the return loss and -10 dB % 

bandwidth, it is inferred that the x = 0.4 

ferrite has potential to be used as a radiating 

patch for microstrip patch antenna. 

6.0 CONCLUSION 

This study concludes that 

magnesium substitute nickel zinc ferrite 

shows promising potential for developing 

microstrip patch antennas used in 

microwave antenna and wireless 

communication technologies. Conducting 

an in-depth investigation of Mg substituted 

NZF paste synthesized using the 

mechanochemical technique including 

examination of phase, functional groups, 

and morphology together with the magnetic 

nature of Mg substituted NZF shows the 

impact of substitution of magnesium in 

nickel zinc ferrite system. The optimal 

magnesium content at x = 0.4 resulted in 

a saturation magnetization of 62.07 emu/g, 

a return loss of –37.98 dB, and a bandwidth 

of 1.12 GHz, demonstrating a strong 

correlation between magnetic enhancement 

and antenna performance. These results 

highlight Mg substituted NZF as a potential 

ferrite material for improving patch antenna 

performance. 
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