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This study details the design, optimization, and experimental validation of an innovative 

dual slot Substrate Integrated Waveguide (SIW) bandpass filter intended for 5G Ka-band 

applications. The proposed filter is implemented on a cost-effective Rogers 

RO5880substrate and exhibits a second-order quasi elliptic response achieved by etching a 

novel transverse dual-slot topology within the SIW cavity. The filter was fabricated using 

standard PCB procedures. The measured results show strong agreement with simulations, 

confirming the robustness of the design. The small device measures14.15×27.86 mm² and 

functions effectively inside the 27-29 GHz range, attaining a fractional bandwidth of 

8.81%,a return loss of -42 dB, and an insertion loss of -3.16 dB. These results demonstrate 

that the proposed dual-slot SIW filter provides a highly selective, miniaturized, and low-

cost solution, making it a promising candidate for integration in next-generation 5G 

millimeter-wave front-end systems. 
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I. INTRODUCTION 

Fifth-generation (5G) wireless technology has revolutionized mobile communications, establishing a new paradigm of ultra-low 
latency, massive machine-type communications, and multi-gigabit data throughput [1], [2]. This enhanced capability is the key enabler 

for transformative new applications, ranging from autonomous vehicles and intelligent smart cities to immersive augmented and virtual 

reality experiences [3]. To achieve its promise of high-capacity and multi-gigabit speeds, 5G leverages a wide spectrum, including 

millimeter-wave (mmWave) frequencies [4]. Within this range, the Ka-band (26.5–29.5 GHz), standardized as bands n257 and n258 in 

the 3GPP specifications, is particularly critical due to the availability of large contiguous bandwidth blocks, a stark contrast to the more 

fragmented spectrum below 6 GHz [5], [6]. This abundant bandwidth is the fundamental enabler for the rich user experiences and high-

throughput applications envisioned for 5G. However, the deployment of Ka-band relies on dense networks of high frequency small cells, 

which are ideal for capacity boosting in densely populated urban areas [7], [8]. 

This architecture is necessary to overcome the significant technical challenges of Ka-band propagation, which is highly 

susceptible to path loss, atmospheric absorption, and blockage by physical obstacles [9]. Consequently, the development of 

sophisticated network architectures and supporting technologies is crucial to realizing the potential of Ka-band 5G. The performance of 

5G systems in the Ka-band is critically dependent on passive components, particularly filters, which are tasked with signal isolation and 
interference suppression [10]. A primary design challenge at these high frequencies is minimizing insertion loss to preserve signal 

integrity, as inherent conductor and dielectric losses become substantial [10]. Furthermore, the architectural shift towards dense small-

cell networks and the space constraints within user equipment impose a strict requirement for miniaturization [11]. Consequently, the 

development of compact filters is not merely an optimization goal but a necessity for enabling the dense and flexible radio designs 

required for comprehensive 5G coverage. 
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The drive for widespread adoption also places a premium on economic factors; specifically, 5G requires components that are not 

only high-performing but also affordable and easy to deploy in large volumes [11]. In this context, low-loss filters provide a dual 

benefit: they directly improve system efficiency by reducing wasted power and thermal load, and they contribute to the overall cost-

effectiveness that is essential for the economic viability of 5G networks [10]. The design of filters for the Ka-band presents a 

fundamental engineering trade-off. On one hand, traditional waveguide filters are valued for their inherently high-quality factor (Q) and 

excellent performance at millimeter-wave frequencies [12]. However, their bulky, three dimensional structures render them 

incompatible with modern planar circuit technologies, severely restricting their integration into compact 5G base stations and user 

equipment [12]. On the other hand, planar solutions like microstrip filters offer a compact, low-profile form factor that is ideal for 

integration with standard printed circuit boards (PCBs). Yet, at Ka-band frequencies, these structures suffer from prohibitive conductor 

losses and significant radiation, which drastically degrades overall system efficiency and performance [13]. This dichotomy creates a 

critical technological gap. Consequently, there is a pressing need for a filter technology that successfully bridges this divide, merging 
the low-loss performance of classical waveguides with the compact, planar, and integrable nature of microstrip circuits. 

To satisfy the requirement for compact, high-performance filters in 5G and Ka-band applications, SIW technology has emerged 

as a viable alternative, merging the low-loss and high-Q attributes of traditional waveguides with the benefits of planar integration. SIW 

structures, often implemented with arrays of metallized vias within a dielectric substrate, provide effective confinement of 

electromagnetic energy while minimizing radiation losses. By incorporating resonant slots, dual-mode cavities, or defected ground 

structures (DGS), SIW filters achieve miniaturization and precise frequency selectivity, enabling wide-band, dual band, or quasi-elliptic 

responses in a compact footprint. Recent designs demonstrate that these techniques allow the realization of high-performance filters 

with controllable transmission zeros, robust pass-bands, and fabrication compatibility with standard PCB processes, making them 

highly suitable for 5G base stations and next-generation millimeter-wave consumer devices [14-23]. The primary contribution of this 

work lies in the design, fabrication, and experimental validation of a novel miniaturized dual-slot SIW bandpass filter specifically 

optimized for 5G Ka-band applications. The proposed topology innovatively combines inductive metallic posts and precisely 
engineered transverse dual slots within the SIW cavity, effectively enhancing coupling, generating additional transmission zeros, and 

improving both selectivity and bandwidth without increasing size. 

Implemented on a thin, low-loss Rogers RO5880 substrate, the fabricated filter achieves a compact footprint of 14.15×27.86 

mm2, featuring a low insertion loss of −3.16 dB, FBW of 8.81% at 28 GHz, and an outstanding return loss exceeding −42 dB. These 

results surpass several recently reported SIW-based filters and confirm the efficiency of the proposed dual-slot configuration. Overall, 

this work provides a cost-effective, PCB compatible, and high-performance filtering solution that bridges the gap between compact 

planar integration and waveguide-level quality, making it highly suitable for next-generation millimeter-wave 5G front-end modules. 

The rest of this paper is structured as follows. A thorough literature overview of recent developments in SIW bandpass filters is given in 

Section 2, emphasizing their evolution, design techniques, and performance for 5G Ka-band applications. Section 3 introduces the 

fundamentals of SIW technology, detailing its guiding mechanisms and advantages for millimeter-wave integration. Section 4 describes 

the materials and methodological approach used in this work, including the design, optimization, and implementation of the proposed 

slotted SIW BP filter. Section 5 presents and discusses the simulation and experimental results, including the primary SIW waveguide 
structure, inductive post filter configurations, dual-slot filter design, and experimental validation. The paper is finally concluded in 

Section 6, which summarizes the key findings and highlighting the practical significance and integration potential of the proposed filter 

for 5G systems. 

II. LITERATURE REVIEW 

To meet the size constraints of 5G equipment, researchers have explored miniaturization techniques. Recent studies have 

demonstrated continuous progress in the development of SIW-based filters to achieve the demanding specifications of 5G and 

millimeter-wave communication systems. Liao et al. [15] introduced an advanced class of millimeter-wave filters based on a hybrid 

SIW–spoof surface plasmon polariton (SSPP) and meta structure concepts. Their approach achieved high miniaturization, broad 

bandwidth, and reduced insertion loss, demonstrating the potential of hybridized SIW platforms for beyond-5G applications. Huang et 

al. [16] designed a cost-effective substrate-integrated waveguide bandpass filter specifically optimized for 5G bands, providing 

excellent return loss and high frequency selectivity while maintaining compactness and ease of fabrication. Similarly, Wong et al. [17] 

proposed a quasi-elliptic SIW filter employing microstrip line cross-coupled resonators and slot-coupled to enhance stopband 

attenuation and achieve steep skirt selectivity. Moreover, Wang et al. [18] developed a dual-mode bandpass filter based on a slot line 

resonator structure, offering a compact configuration and wideband response suitable for millimeter-wave frontend integration. 

Bendahmane et al. [19] proposed a dual-band star-shaped slotted microstrip patch antenna miniaturized using a combination of a high-
permittivity substrate and the Defected Ground Structure (DGS) technique. 

By replacing the conventional substrate with a high-ε material and introducing carefully designed slots in both the patch and the 

ground plane, the authors were able to retain dual-band functioning at 2.4 GHz and 5 GHz while significantly reducing the size of the 

antenna. Sotoodeh et al. (2008) proposed a metallic inductive post-based filter utilizing SIW technology. The filter was designed on the 

commercial substrate RT/Duroid 5880 with a center frequency of 18.3 GHz. In the passband, the filter response produced less than 2 dB 

of insertion loss [20]. Additionally, a novel SIW bandpass filter integrating a Defective Microstrip Structure (DMS) and Defective 

Ground Structure (DGS) and was also proposed [21]. This filter was fabricated on a dielectric material that is 0.5 mm thick and has a 

dielectric constant of 3.5. It exhibits a stopband attenuation of 28 dB from 26 GHz to 28 GHz and a low insertion loss of 0.5 dB and. 

For 5G applications, a fractional bandwidth of 7.2% at −3 dB and a center frequency of 27.4 GHz are attained. Zhang et al. (2016) 

presented a fourth-order Ka-band filter incorporating a negative cross-coupling structure. A coplanar waveguide (CPW) line was used 

to improve the stopband performance. The proposed design demonstrated greater stopband rejection than a similar fourth-order filter 
without the CPW line. 
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The SIW filter was centered at 28 GHz with a bandwidth of 2 GHz [22]. The integration of planar circuits enables the 

construction of large scale, low-cost microwave and millimeter-wave systems. Designed for 5G millimeter-wave applications, Salehian 

and Tayarani (2023) presented a dual-pole bandpass filter using a three layer Substrate Integrated Gap Waveguide (SIGGW). The 

results show that the proposed filter has a single transmission zero close to the passband and an FBW of 5% [23]. 

III. SIW FUNDAMENTALS 

The SIW structure is defined by the upper and lower metal layers of the substrate connected by two parallel rows of metallic via-

holes (see Figure 1). The fundamental TE10 mode, which is the dominant mode in rectangular waveguides, may propagate because the 
substrate is essentially sandwiched between these two metal plates [24]. 

 
Figure 1: SIW-based structure. 

Source: Authors, (2026). 

SIW fundamental mode propagation is analogous to that of a rectangular waveguide filled with dielectric and having an 

equivalent width aeff. The crucial design parameter, the effective width aeff, is obtained from the physical SIW width a, via diameter d, 

and via pitch p as follows:  

𝑎𝑒𝑓𝑓 = 𝑎 −
𝑑2

0.95𝑝
 (1) 

This empirical formula ensures that the SIW cutoff frequency is accurately determined, which is paramount for filter design. The 

TE10 mode's cutoff frequency is:  

𝑓𝑐 =
𝑐

2𝑎𝑒𝑓𝑓√𝜀𝑟

 (2) 

Where 𝜀𝑟represents the substrate's relative permittivity, and c denotes the speed of light in vacuum. 

The diameter of vias d and the distance between two adjacentpare calculated using the following formulas: 

𝑑 ≤
𝜆𝑔

5
 

(3) 

𝑝 ≤ 2𝑑 (4) 

𝜆𝑔is the wavelength of the waveguide. In the SIW filter for the TE10 mode, dimension b is less important because it has no effect 

on the cut-off frequency of the waveguide. Waveguide bandpass filters can be designed using several methods, including E-planes, H-

planes, irises, and metallized cylindrical inductive posts. For SIW technology, metalized cylindrical inductive post filters are 

particularly advantageous due to their simple implementation [25]. Two approaches are typically used for designing basic inductive 

post filters: off-centered posts with identical via diameters and centered posts with varying via diameters. Using two symmetrically 

positioned posts offers distinct advantages over a single post configuration, inherently leading to a smaller spread of higher-order fields 

for the same susceptance. This is primarily because the symmetrical setup prevents the excitation of the second-order mode. 

Consequently, this topology allows for optimizing load impedance matching without affecting the susceptance. The susceptance is 

calculated for the dominant TE10 mode, where the electric field vector is directed parallel to the posts, as shown in Figure 2. Deslandes 

and Wu incorporated the formulas suggested by Gruenberg in their research [24]. The fundamental formulas for this susceptance were 

derived by analyzing a uniform current in the column and modeling the concentrated currents along its axis to assess the induced fields. 

Furthermore, it is a standard practice in modern filter synthesis to transform this equivalent network into a K-inverter, as defined by 

Equation (5), to facilitate a systematic design process. 

K=Z0 |tan (
ϕ

2
+ tan-1

Xa

Z0

)| (5) 
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ϕ= tan-1 (
2Xb

Z0

+
Xa

Z0

) - tan-1
Xa

Z0

 (6) 

 
Figure 2: Topology of the centered post-filter model showing various post diameters. 

Source: Authors, (2026). 

Where: 𝑑1and𝑑2are the diameters of the centered posts, 𝑔1and 𝑔2are the distances between them, as shown in Figure 2. Adding 

slots to SIW structures provides significant design flexibility, enabling the tailoring of the millimeter-wave device's performance for 

various applications, including 5G communication systems and radar systems. 

IV. METHOD AND MATERIALS 

The proposed bandpass filter (BPF) presented in Figure 3 is implemented on a Rogers Duroid RO5880 substrate. This material is 

ideal for high-frequency, broadband applications due to its loss tangent (𝑡𝑎𝑛 𝛿=0.0009), and relative permittivity𝜀𝑟=2.2.The suggested 

filter has a frequency of 28 GHz. The recommended filter operates at 28 GHz. To systematically develop the proposed dual-slot BPF, 

we analyzed the performance of three distinct SIW structures in simulation. First, we began with the SIW Primary Waveguide presented 

in Figure 3 (a), which serves as the fundamental foundation of the design and exhibits a cutoff frequency near 28 GHz. Next, we 

investigated the effect of inserting metallic posts to create the SIW Inductive Post Filter (see Figure 3 (b)). This step confirmed the 

structure's potential as a filter and allowed for initial optimization of the reflection coefficient and insertion loss. Finally, the novel 

contribution was realized by incorporating a transverse double-slot layout to create the SIW Dual-Slot Filter (see Figure 3 (c)). 

 
Figure 3: The structures of the proposed 5G filter: a) Basic SIW bandpass filter; b) SIW bandpass inductive post filter; 

c) SIW bandpass slotted post filter. 

Source: Authors, (2026). 

(A) 

(B) 

(C) 
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To create the micro-strip component, a quarter-wave tapered transformer is connected in series with a 50 Ω microstrip line [26]. 

The width, WT, of the tapered line is determined by solving Equation (7), while its length, LT, is given by Equation (8). 

1

4.38h
WT

h
+1.393+0.667 ln (

WT

h
=1.444)

=
e

-0.627εr
εr+1

2
+

εr-1

2√1+
12h
WT

a
 

(7) 

LT=
λg

4
 

(8) 

The wavelength λg is given by : 

λg=
c

fc√εr
 (9) 

First, we used the computationally obtained dimensions to simulate the proposed filter. We then improved it to achieve efficient 

transmission. The dimensions of the filter, operating at 28 GHz, are mentioned in Table 1. 

Table 1: SIW banpass slotted filter parameters. 

Parameters Description Values (mm) 

aeff SIW width 5,562 

p Space length between adjacent vias 1,8 

d Metal via diameter 0,9 

g1 Post centered diameter 4,62 

g2 Post diameter 5,11 

d1 Distance between two post adjacent 0,22 

d2 Distance between two post adjacent 0,77 

Wf Tapered micro-strip width 0,762 

Lf Tapered micro-strip length 3,92 

WT Transition width 1,99 

LT Transition length 1,93 

b SIW length 20 

SL The length of slots 20 

SW The width of slots 1,5 

Source: Authors, (2026). 

V. RESULTS AND DISCUSSION 

We used the HFSS simulator to simulate each of the suggested structures. The frequency range is chosen between 26 and 32 

GHz. It was found that both the transmission coefficient S12 and the reflection coefficient S11 were measured. 

V.1 SIW PRIMARY WAVEGUIDE 

We initiated the simulation process with the SIW Primary Waveguide to establish the foundation for the filter design. The 

electric field distribution shown in Figure 4 validates the fundamental TE10 mode's propagation inside the structure. The observed field 

patterns, characterized by a dominant electric field component perpendicular to the substrate and confined by the metallic via arrays, 

validate the proper synthesis of the equivalent rectangular waveguide.  

 
Figure 4: Electric field distribution for the SIW primary waveguide. 

Source: Authors, (2026). 

Figure 5 illustrates the matching S-parameters of the basic SIW filter. The transmission coefficient S12 is high across the Ka-

band, confirming the structure's role as a low-loss transmission medium. More critically, the reflection coefficient S11 exhibits three 
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distinct resonance minima. These dips occur due to standing wave effects along the length of the waveguide, which contribute to 

improved impedance matching at those specific frequencies. We note a particularly strong return loss of −46.45 dB at 28.4 GHz, which 

is vital, as it demonstrates that the basic waveguide structure is already optimally matched at the desired center frequency, providing an 

excellent starting point for the subsequent filter stages.  

 
Figure 5: S parameter for the SIW primary waveguide. 

Source: Authors, (2026). 

V.2 5G BANDPASS FILTER WITH INDUCTIVE POST FILTERS 

The next evolutionary step involves integrating inductive metallic posts within the SIW cavity to realize the necessary filtering 

characteristics. As illustrated in Fig. 6, the insertion of these posts alters the field distribution, effectively creating a series of coupled 

resonators, forcing the structure to function as a bandpass filter. The metallic posts act as lumped inductive elements, enabling the 

manipulation of the resonant modes and the establishment of an appropriate inter-resonator coupling mechanism to achieve the desired 

second-order response.  

 
Figure 6: Electric field distribution for the 5G bandpass filter with inductive post filters. 

Source: Authors, (2026). 

Figure 7 depicts the corresponding simulated S-parameters. The reflection coefficient S11 clearly exhibits a well-defined 

resonance at the target center frequency of 28 GHz, achieving an excellent impedance matching (return loss) of −31.12 dB. The 

transmission coefficient S12 confirms the filter functionality, defining a bandwidth that ranges from 27.5 GHz to 28.98 GHz. This 

results in a desirable fractional bandwidth (FBW) of 5.28%. Furthermore, the filter maintains efficient power transfer within the 

passband, showing a low insertion loss of −2.71 dB. These results confirm the efficacy of the inductive post topology in synthesizing a 

functional, low-loss Ka-band filter, providing the required selectivity and initial bandwidth before further enhancement. 

 
Figure 7: S parameter for the 5G bandpass filter with inductive post filters. 

Source: Authors, (2026). 
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V.3 5G SIW BANDPASS SLOTTED FILTER 

Figure 8 illustrates the simulated electric field distribution within the proposed 5G SIW bandpass slotted filter. The field pattern 

confirms the presence of strong electromagnetic confinement and resonance inside the SIW cavity, particularly around the slot regions, 

which validates the proposed filtering configuration. This concentrated field distribution demonstrates efficient energy coupling 

between the input and output ports, ensuring selective transmission at the designed resonant modes.  

 
Figure 8: Electric field distribution for the 5G SIW bandpass slotted filter. 

Source: Authors, (2026). 

As shown in Figure 9, the corresponding S-parameter response reveals the emergence of three distinct resonant frequencies, 

indicating the excitation of multiple propagation modes within the structure. Among these, the resonance at 28.28 GHz is of primary 

interest, corresponding to the target 5G Ka−band. At this frequency, the filter exhibits an improved insertion loss of −2.4 dB and a 

fractional bandwidth (FBW) of 9.04%, representing a clear enhancement compared to the initial configuration. These results confirm 

that the dual-slot modification significantly improves the bandwidth and transmission efficiency while maintaining compactness, thus 

validating the effectiveness of the proposed SIW topology for 5G millimeter-wave applications. 

 
Figure 9: S parameter for the 5G SIW bandpass slotted filter. 

V.4 EXPERIMENTAL VALIDATION 

As a final step, we put the simulated filter design into practice, and the finished prototype is constructed on a Rogers RO5880 

substrate. This substrate has a dielectric constant 𝜀𝑟 = 2.2 and a thickness ℎ = 0.787 𝑚𝑚. Figure 10 shows the 5G SIW bandpass 

filter's final prototype. 

 
(a)                                                (b) 

Figure 10: 5G bandpass SIW filter with double slots: (a) top view;(b) bottom view. 

Source: Authors, (2026). 
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Traditional industrial wave soldering techniques are often complicated and expensive. A simpler and cheaper alternative method 

is to use solder paste. While this method may affect system performance in some circumstances, we successfully connected the SMA 

connectors using solder paste. Since the filter is a passive component, the low temperature used during the soldering process did not 

affect its performance.  

The filter's performance was tested using an Agilent PNA-L N5230C network analyzer. The measured S-parameters for the 

implemented 5G SIW dual-slot filter are shown in Fig. 11, which shows how well it performs in the 25.5 GHz to 30.5 GHz frequency 

range. Both the transmission (S21) and reflection (S11) coefficients are evident in these results.  

 
Figure 11: S parameter for the realized 5G SIW bandpass slotted filter. 

Source: Authors, (2026). 

The transmission coefficient (S21) indicates the filter's minimal loss across its passband, achieving a peak transmission 

(minimum Insertion Loss) of approximately −3.17 dB at 28.27 GHz. Simultaneously, the reflection coefficient (S11) shows how well 

the filter is matched to the system impedance, exhibiting a deep minimum (maximum Return Loss) of about −42.34 dB at 27.81 GHz. 

This very low S11 value confirms an excellent impedance match within the passband. The filter's bandwidth, defined by the −10 dB 

cutoff points for S21, extends approximately from 26.8 GHz to 29.25 GHz, successfully demonstrating its functionality as a bandpass 

filter in the designated 5G frequency spectrum. The comparison of the simulated and measured results for the suggested filter is shown 

in Table 2.  

Table2: Simulated and measured results. 

/ Simulated Measured 

FBW(%) 9.04 8.81 

RL(dB) 32.7178 42.33 

IL(dB) 2.4011 3.16 

Source: Authors, (2026). 

The comparison between the suggested filter's measured and simulated performance shows an acceptable level of agreement 

between theory and experiment. The Fractional Bandwidth (FBW) measured at 8.81% is very close to the simulated value of 9.04%, 

confirming that the operational frequency range was accurately predicted. The filter exhibited an excellent Return Loss (RL), with the 

measured value of −42.33 dB being significantly better than the simulated −32.72 dB. This superior measured RL indicates an even 

better impedance match and less reflected power in the physical prototype than anticipated. Conversely, the Insertion Loss (IL) 

measured at 3.16 dB is higher than the simulated 2.40 dB. This increase in loss is commonly observed in realized prototypes due to 

real-world factors such as surface roughness, dielectric and conductor losses, and non-ideal SMA connections or soldering, which 

typically add extra dissipation not perfectly captured in the simulation model.  

V.5 COMPARATIVE STUDY  

In order to assess the performance of the proposed SIW Bandpass Filter against a number of other SIW BPFs that have been 

described in the literature employing different technologies, this section conducts a comparative analysis, which is summarized in 

Table3. 

Table3: Comparison between proposed and previously reported bandpass filters. 

Ref 𝑹𝑳(𝒅𝑩) 𝑰𝑳(𝒅𝑩) 𝑭𝑩𝑾(%) 𝒇𝒄 (𝑮𝑯𝒛) 
Measured in [21] 20 1.7 7.1 28 

Measured in [22] 17 1 3.57 28 

Simulated in [23] 60 1.8 5 28 

Simulated in [24] 20 0.5 7.2 27.4 

Measured in this work 42.33 3.16 8.81 28 

(*RL: return loss, *IL: insertion loss, *FBW: -3dB fractional bandwidth, *fC: center frequency) 

Source: Authors, (2026). 
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The comparative study, summarized in Table 3, highlights that the proposed SIW BPF shows good overall performance in the 

5G band, particularly excelling in two key criteria: Fractional Bandwidth (FBW) and Return Loss (RL). The filter achieves the highest 

measured FBW at 8.81%, making it desirable for high-throughput applications by offering the widest relative bandwidth among the 

compared filters. Furthermore, its measured RL of −42.33 dB is exceptional, being significantly better than all other measured and most 

simulated results, which confirms the filter's superior impedance matching quality. However, the filter's main drawback is its measured 

IL=3.16 dB, which is higher than the 0.5 dB to 1.8 dB range reported for the other filters, a difference likely attributable to real-world 

fabrication losses. 

VI. CONCLUSIONS 

This work successfully designed, fabricated, and experimentally validated a high performance SIW bandpass filter specifically 

tailored for operation within the 5G Ka−band. The design leveraged the inherent robustness of the SIW structure and incorporated novel 

features, including inductive posts and a slotted structure, all progressively optimized in simulation to enhance performance, 

particularly in terms of bandwidth and impedance matching. The final filter prototype, built on a Rogers RO5880 substrate, was 

rigorously characterized using an Agilent PNA-L N5230C network analyzer, yielding experimental results that demonstrated strong 

agreement with the simulations. With an outstanding Return Loss of −42.33 dB, a wide Fractional Bandwidth of 8.81%, and an 
Insertion Loss of −3.16 dB, the realized filter demonstrates competitive performance centered on 28 GHz. Critically, a comprehensive 

comparative study with recently published SIW filters confirmed that the proposed design offers superior performance in both its RL 

and FBW metrics. These strong characteristics position the proposed SIW filter as a highly promising candidate for direct integration 

into compact and high-performance 5G communication systems. Future work will focus on minimizing Insertion Loss through material 

optimization and advanced coupling techniques to further enhance the filter's potential for mass production and higher power 

applications. 
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