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Abstract—This paper introduces a compact ultra-wideband 

MIMO antenna featuring an integrated notch-band response. 

Wideband operation is achieved through the combined use of 

meandered feed lines, a modified Y-shaped radiating element, 

and a defected ground structure. The antenna occupies a compact 

volume of 12 x 8 x 1.6 mm³ and operates over the 30–42.5 GHz 

frequency range, while  notch band from 35 to 38.5 GHz is 

effectively suppressed using a split-ring resonator positioned 

parallel to the feed line. Implemented on an RT/Duroid 5880 

substrate, the antenna delivers a peak realized gain of 6.51 dB 

and maintains radiation efficiency above 88%. High inter-element 

isolation exceeding 22 dB is obtained through a dedicated 

decoupling structure. Moreover, the proposed MIMO system 

demonstrates strong diversity performance, with envelope 

correlation coefficient below 0.02, diversity gain greater than 9.97 

dB. These characteristics confirm the suitability of the proposed 

antenna for compact 5G, satellite, and millimeter-wave 

communication platforms. 

 

Keywords—UWB; MIMO; SRR; Meandered feed line; 

mmWave 

I. INTRODUCTION 

HE rapid advancement of wireless communication toward 

fifth-generation (5G) and beyond has increased the 

demand for high data rates, low latency, and enhanced 

connectivity. Millimeter-wave (mmWave) communication, 

operating from 30 to 300 GHz, provides substantially wider 

bandwidth and enables multi-gigabit data transmission, making 

it a key technology for future broadband systems. Owing to 

spectrum congestion in sub-6 GHz bands, mmWave 

frequencies have become essential for 5G deployment. In 

India, spectrum allocations at 3.3–3.67 GHz and 26.5–29.5 

GHz further motivate the development of compact, low-

profile, and high-efficiency antennas for next-generation 

wireless applications [1]. 

Numerous antenna design techniques have been reported to 

enhance impedance matching, bandwidth, and gain at 

millimeter-wave (mmWave) frequencies. Methods such as 

substrate integrated waveguide (SIW) cavities, stacked 

parasitic elements, and optimized microstrip-to-coplanar 

waveguide (CPW) transitions have demonstrated improved 
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impedance matching and reduced surface-wave effects [2]–[4]. 

In addition, modified radiator geometries incorporating slots, 

notches, and parasitic features have been shown to excite 

multiple resonant modes, enabling wideband or multiband 

operation [5]–[7]. 

Multiple-input multiple-output (MIMO) technology plays 

a critical role in mmWave 5G systems by enhancing link 

reliability through spatial diversity and beamforming [8]. To 

achieve adequate isolation in compact MIMO configurations, 

several techniques—including neutralization lines, defected 

ground structures, and resonant decoupling elements—have 

been widely employed [9]–[12]. Bandwidth and radiation 

efficiency improvements have also been realized using partial 

ground planes, open-ended stubs, and slot-based structures, 

while optimization algorithms have been applied to fine-tune 

antenna parameters for enhanced performance [13]–[17]. 

Furthermore, various compact radiator geometries have 

demonstrated stable wideband performance around the 28 GHz 

and 38 GHz bands [18]–[22]. 

Despite the advantages of wideband operation, performance 

degradation may arise due to interference from overlapping 

frequency bands. Consequently, band-rejection mechanisms 

have been integrated using resonant structures such as split-

ring resonators and frequency-selective elements to achieve 

sharp notch characteristics while preserving stable radiation 

behavior [23]–[25]. Alternative techniques employing 

embedded resonant slots and stubs have also been reported to 

suppress unwanted bands  [26]–[28]. 

Recent studies emphasize the importance of millimeter-

wave (mmWave) antennas for high-data-rate 5G and emerging 

6G systems. However, mmWave antenna design is challenged 

by compact form factors, tight fabrication tolerances, and 

limited space for implementing conventional notch-generation 

techniques. In addition, wideband MIMO configurations, while 

essential for improving gain and diversity, often suffer from 

strong mutual coupling and in-band interference, making 

effective notch control increasingly critical. Conventional 

methods such as slots or parasitic resonators become less 

feasible at mmWave frequencies due to size constraints and 

structural complexity. 

 

To address these challenges, a compact meandered line-fed 

patch antenna integrated with an externally coupled split-ring 

resonator (SRR) is proposed. The antenna employs a modified 

Y-shaped radiator and SRR-induced LC resonance to achieve 

controlled notch-band suppression without degrading the 
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primary radiation performance. The SRR provides strong 

inductive–capacitive coupling for precise rejection within the 

35–38.5 GHz range, while the meandered feed enables 

wideband impedance matching within a compact footprint. 

This integrated approach achieves wide operational bandwidth 

with effective interference suppression, making it suitable for 

mmWave communication systems. 

 

The rest of this paper is organized as follows. Section II 

presents the detailed design methodology of the single 

radiating element. Section III discusses the development of the 

proposed MIMO configuration along with the influence of 

isolation structure on mutual coupling performance. Section IV 

provides the simulated and measured results followed by 

a comprehensive discussion. Finally, Section V concludes the 

paper with key findings and potential directions for future 

work. 

II. BASIC ANTENNA 

A.  Antenna Design 

The designed antenna is realized using an RT/Duroid-5880 (εr 

= 2.2, loss tangent=0.0009) with dimensions of 6 x 4 mm2 and 

a thickness of 1.6 mm is shown in Fig.1, associated dimensions 

are listed in Table I.  It is comprised of modified Y-shaped 

radiating patch integrated with horizontal branch to the left 

arm and central branch connected with right arm of Y shaped 

Radiating patch, integrated with a meandered feed line and 

a defected ground plane. 

 

   
         (a)                                 (b) 

Fig. 1. Geometry of the Single Patch Antenna 

(a) Radiating Patch (b) Ground  

 
TABLE I  

ANTENNA  GEOMETRICAL SPECIFICATIONS 

Parameter V  H V1 V2 V3 

Value (mm) 4 6 2.5 0.35 0.65 

Parameter V4 V5 V6 H1 H2 

Value (mm) 0.45 0.2 0.4 0.7 0.35 

Parameter H3 H4 H5 H6 D1 

Value (mm) 0.2 0.65 1.65 0.5 2 

Parameter D2 D3 D4 C1 R1 

Value (mm) 1 0.8 0.5 0.14 0.25 

Parameter R2 R3 R4 G1 G2 

Value (mm) 0.45 0.55 0.75 3.6 2.5 

Parameter G3 G4 G5 G6 G7 

Value (mm) 1.45 0.7 1 0.3 0.5 

B. Antenna Modeling : Step by step approach  

The antenna design evolution into three distinct steps are 

mentioned in Fig. 2. and its associated return loss parameter 

represented in Fig. 3.  

 
(a)                     (b)                    (c) 

Fig. 2. (a) Stage1 (b) Stage2 (c) Stage3 

 
 

 

Fig. 3. S11 parameters for each stage 

 

Stage 1: The initial stage configuration.  

 

It comprises the modified Y-shaped radiator acts as an 

inductive–capacitive resonator, where the diagonal arms 

provide inductive loading and the horizontal branches with 

both arms introduces capacitive coupling with the adjacent 

arms. This interaction can be modeled as LC resonant circuit, 

it shows  a resonance at the mentioned operating band in Fig 3. 

The narrow stem connecting the radiator to the feed further 

contributes to impedance transformation, enhancing bandwidth 

while maintaining proper matching. Thus, the proposed 

radiator achieves wideband operation with LC resonance 

effects.  

 

Stage2: Analyze with meandered feed line structure  

 

Ant-1 fails to exhibit strong resonance within the desired 

operating bandwidth. The meandered structure in the feed line 

increased its electrical length without enlarging the antenna's 

footprint, resulting good impedance matching in Ant-2, 

illustrated in Fig. 2(b). Ant-2 successfully achieves an 

operating bandwidth spanning 30 to 43 GHz. 

 

Stage3: Notch band with Split ring resonator  

 

Split-ring resonators (SRRs) are commonly used in printed 

antennas to realize functions such as circular polarization, 

bandwidth enhancement, and suppression of unwanted 

frequency bands by exploiting their resonant behavior. An 

SRR is a subwavelength resonant structure that can be 

modeled using an equivalent RLC circuit, where the metallic 
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ring provides inductance and the split gap introduces 

capacitance. 

As reported in the literature [29]–[31], the resonant behavior 

of SRRs depends strongly on their placement. When 

positioned near the feed line, an SRR couples efficiently to the 

incident magnetic field and exhibits low impedance at 

resonance, acting as a shunt resonator. This interaction leads to 

impedance mismatch and produces a well-defined notched 

band in the return-loss response, allowing selective rejection of 

unwanted signals while preserving the antenna’s wideband 

performance. 

This  RLC branch accurately models the SRR-induced energy 

confinement and stopband behavior, consistent with 

established SRR coupling theory and metamaterial antenna 

models [32]–[35]. Hence, the circuit effectively explains the 

measured and simulated notch characteristics in the proposed 

antenna. 

To generate a notch band in the range of 35–38 GHz with 

a center frequency of 36 GHz, the dimensions of the SRR were 

optimized so that it resonates precisely at the desired frequency 

of 36 GHz. 

The proposed antenna employs an effective patch width 

Wp=1.65 , length Lp=2 mm, and a substrate height of 

h=1.6 mm using RT/Duroid 5880. The effective dielectric 

constant is evaluated from Eq. (1). 

𝜀𝑒𝑓𝑓 =  
𝜀𝑟+1

2
+

𝜀𝑟−1

2
 

1

√1+12(
ℎ

𝑤
)

 ≈ 1.7688               (1) 

Using Eq. (2), the fringing field extension is predicted. 

∆𝐿 = 0.412ℎ
(𝜀𝑒𝑓𝑓+0.3)(

𝑤𝑝

ℎ
+0.264)

(𝜀𝑒𝑓𝑓−0.258)(
𝑤𝑝

ℎ
+0.8)

 ≈ 0.6386 mm          (2) 

Hence, the effective resonant length becomes                

  𝐿𝑒𝑓𝑓 = 𝐿𝑝 + 2∆𝐿 = 3.27 mm, The resonant frequency, 

determined by Leff and εeff , is evaluated using Eq. (3) 

𝑓𝑟 =
𝑐

𝐿𝑒𝑓𝑓√𝜀𝑒𝑓𝑓
 ≈ 34.4GHz                      (3) 

For 
𝑊𝑝

ℎ
> 1, the characteristic impedance is estimated with 

Eq.(4). 

𝑍0 =
120𝜋

√𝜀𝑒𝑓𝑓(
𝑤𝑝

ℎ
+1.393+0.667 ln(

𝑤𝑝

ℎ
+1.444))

≈93.6𝝮                 (4) 

The lumped equivalent parameters corresponding to the 

radiating patch are obtained using Eqs. (5) and (6). 

𝐿𝑟𝑎𝑑 =
𝑍0

𝜔0
≈ 0.433𝑛𝐻                (5) 

𝐶𝑟𝑎𝑑 =
1

𝑍0𝜔0
≈ 0.0494𝑝𝐹                       (6) 

The approximate radiation resistance can be calculated with 

Eq.(7). 

𝑅𝑟𝑎𝑑 =
90

𝜀𝑒𝑓𝑓
2 (

𝐿𝑝

𝑤𝑝
)

2

≈ 42.3Ω                     (7) 

indicating efficient radiation performance, as it closely matches 

the 50 Ω feed line. 

To ensure proper impedance transformation between the feed 

resistance (Rs = 50 Ω) and the antenna input resistance (Rrad ≈ 

42.3 Ω), the matching network components (Lmatch and 

Cmatch) are obtained using Eqs(8),(9) 

𝐿𝑚𝑎𝑡𝑐ℎ =
𝑋𝑠𝑒𝑟𝑖𝑒𝑠

𝜔0
 ≈ 0.10𝑛𝐻                (8) 

and 𝐶𝑚𝑎𝑡𝑐ℎ =
𝐵𝑆ℎ𝑢𝑛𝑡

𝜔0
 ≈ 47𝑓𝐹               (9) 

here  

𝑄𝑚 = √
𝑅𝑠

𝑅𝐿
− 1      

 𝑋𝑠𝑒𝑟𝑖𝑒𝑠 =  𝑅𝑠 𝑄𝑚  

 𝐵𝑠ℎ𝑢𝑛𝑡 =  
𝑄𝑚

𝑅𝐿
    

which minimize reflection and maximize power transfer at 

resonance. 

The SRR resonance is expressed using Eq. (10). 

FSRR = 
1

2𝜋√𝐿𝑆𝑅𝑅𝐶𝑆𝑅𝑅
                 (10) 

Where LSRR is the effective ring inductance and CSRR is the gap 

capacitance, determined by the split width and inter-ring 

spacing. 

Following [35], the inductance of a conducting ring 

characterized by mean radius “a” and width “w” is 

approximated by Eq. (11).  

𝐿(𝑤) = 𝜇0[  ln (
8𝑎

𝑤
) −  2  ]              (11) 

For the present design with mean radius a=0.55 mm and 

conductor width w=0.2 mm , the inductance is computed as   

L≈0.754 nH . 

The required capacitance to achieve resonance is calculated 

using Eq. (12). fr=36 GHz is 

Creq = 
1

(2𝜋𝑓𝑟)2𝐿
  = 26.1fF                                                        (12) 

As reported in [32], the split-gap capacitance corresponding to 

a gap width “d” is approximated through Eq. (13). 

𝐶𝑔𝑎𝑝(𝑑, 𝑤) =
4𝜀0𝜀𝑒𝑓𝑓

𝜋
ln (

4𝑤

𝑑
) ℎ                                           (13) 

where h=1.6 mm is the substrate thickness and εeff  is the 

effective dielectric constant was 1.62 

For εr=2.2(RT/Duroid 5880 substrate), h=1.6 mm, and 

w=0.20mm, the required capacitance of 26.1 fF is obtained 

when the split width is d(G1) ≈ 0.131 mm . 

Equation (14) is used to determine the resistance of the split-ring 

resonator. 

𝑅𝑆𝑅𝑅 = 𝑄𝑋𝐿(𝜔0) = 2033 Ω                (14) 

That resistance  represent the equivalent damping or loss of the 

SRR resonance , where the high resistance value (≈ 2033 Ω) 

represents the weak damping of the resonant current rather 

than a direct conduction path. At resonance, the SRR stores 

electromagnetic energy and behaves as a high-impedance trap, 

thereby suppressing signal transmission at that frequency. 

C. Equivalent Circuit Modeling 

 

 

Fig. 4. RLC equivalent circuit for the proposed design 

The equivalent circuit of the proposed antenna, which 

comprises a meandered feed line, a modified Y-shaped 

radiating patch, and an associated split-ring resonator (SRR), is 

shown in the Fig.4 The final dimensions and corresponding 
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equivalent circuit parameters were derived using the 

transmission line model and related analytical concepts based 

on the proposed design and represented in table II. 

TABLE II 

EQUIVALENT LUMPED ELEMENTS OF THE PROPOSED ANTENNA 

Parameter 𝜀𝑒𝑓𝑓 ∆𝐿 𝑍0 𝐿𝑚𝑎𝑡𝑐ℎ 

Value(approx) 1.76 0.6mm 93.6 Ω 0.1nH 

Parameter 𝐿𝑟𝑎𝑑 𝐶𝑟𝑎𝑑 𝑅𝑟𝑎𝑑 𝐿𝑒𝑓𝑓 

Value(approx) 0.43nH 0.04pF 42.3 Ω 3.2mm 

Parameter 𝐿𝑆𝑅𝑅 𝐶𝑆𝑅𝑅  𝑅𝑆𝑅𝑅 𝐶𝑚𝑎𝑡𝑐ℎ 

Value(approx) 0.75nH 26.1fF 2k Ω 46fF 

Parameter Mean 

radius(a) 

Ring 

width(w) 

Spit gap (d) 

Value(approx) 0.55mm 0.2mm 0.13mm 

D. Verification of Stopband Formation 

Full-wave simulations confirmed that the SRR resonates near 

36 GHz, as shown in Fig. 3. The surface current distribution in 

Fig.5(a),5(b) indicates strong energy confinement around the 

SRR, causing a suppression band from 34.3 GHz to 37.7 GHz, 

while the patch maintains a wideband response outside this 

range. 

 
(a)                                         (b)  

 

 
          (c) 

Fig. 5 . Surface current distribution at (a) 36GHz, (b) 33GHz, (c) ADS 

impedance verification (smith-chart) 

The Smith chart obtained from the ADS equivalent circuit 

Fig.5(c), based on transmission line model parameters, shows 

a similar impedance trend to the HFSS results with minor 

deviations at lower frequencies due to modeling 

simplifications. The impedance locus shifts outward near 36 

GHz, confirming strong reflection at the stopband, and remains 

close to the center elsewhere, validating the SRR-induced 

stopband and the reliability of the equivalent model. 
 

III. MULTI INPUT MULTI OUTPUT ANTENNA 

The ability of multiple-output (MIMO) antenna systems to 

improve data speeds, spectrum efficiency, and link 

dependability has made them indispensable in contemporary 

wireless communication.  

A. Four Port MIMO Antenna 

The geometry of the proposed four-port MIMO configuration 

is shown in Fig. 6. Figs. 6(a) and 6(b) illustrate the top and 

bottom views of the MIMO design. The detailed dimensions of 

MIMO antenna listed in table. 

 
                                          (a) 

 
   (b)  

Parameter I1 I2 I3 I4 I5 

Value (mm) 5 1 0.4 2.6 1.5 

Parameter I6 I7 I8 I9  

Value (mm) 0.6 1.2 2.2 0.4  

Fig. 6. MIMO antenna geometry (a) Radiating Patch (b) Ground 

 

B. Analysis of the isolation structure  

Inter-element isolation is a key factor governing MIMO 

antenna performance. In the proposed design, conventional 

diagonal and orthogonal element arrangements reported in the 

literature were found to be ineffective, as the close proximity 

between one radiator and the split-ring resonator of an adjacent 

element disturbed impedance transformation and degraded 
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isolation. To address this issue, the element layout and 

decoupling strategy were systematically optimized. 

Surface current analysis (Fig. 7) shows that at lower 

frequencies the current is mainly concentrated along the feed 

line and radiator neck, while at the notched band it is strongly 

confined within the split-ring resonators. At higher 

frequencies, the current spreads over the radiator surface. 

Based on these observations, multiple isolation measures were 

implemented: the feed lines were repositioned to opposite 

substrate edges, arc-shaped parasitic structures were placed 

near the SRRs to confine radiated energy, and the isolation 

structure was extended toward the substrate center to suppress 

inter-element coupling. In addition, a circular decoupling slot 

with auxiliary gaps was etched at the substrate center to 

interrupt residual coupling paths. As a result, the proposed 

MIMO antenna achieves consistently high isolation exceeding 

−22 dB across the operating band, as illustrated in the 

corresponding Fig.7(g). 

 

 
(a)                        (b )                      (c) 

 
(d)                            (e)                         (f) 

 
(g) 

W.D : With Decoupling Structure       W.O.D: With out Decoupling Structure  

Fig. 7. Current Distribution: 
without Decoupling Structure at (a) 33GHz, (b) 36.5GHz, (c) 41GHz;  

with Decoupling Structure at (d) 33GHz, (e) 36.5GHz, (f) 41GHz, (g) Isolation 

Levels Comparison 
 

IV.RESULTS AND DISCUSSION 

A fabricated Prototype of the proposed antenna was show in 

figure 8(a) ,8(b). Because of the physical size constraints, the 

S-parameters had to be recorded in different stages. The 

associated antenna configurations for each stage are presented 

in Figures 9(a), 9(b), and 9(c). 

 
(a) 

 

 
(b) 

Fig. 8. Fabricated four port antenna (a) Radiating Patch, (b) Ground 

 

 
(a)                       (b)                                  (c)  

Fig. 9. Fabricated antenna to measure (a) S11 and S12 parameters, (b) S13 

Parameters, (c) S14 parameters. 

These antennas were tested using a vector network analyzer 

(Keysight N5224B PNA) and in an anechoic chamber, as 

shown in Figs. 10(a)–10(b). 

 

\ 
(a) 
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(b) 

Fig. 10. (a) S-parameters Measurement using Vector Network Analyzer, 
(b) Radiation Characteristics Measurement using Anechoic Chamber 

 

A. S-Parameter Verification  

The comparison between simulated and measured S-

parameters (S11, S12, S13, and S14) shown in Fig. 11(a) 

demonstrates excellent agreement. The measured reflection 

coefficient (S11) stays below –10 dB across the 30–42.5 GHz 

range, with a distinct notch band observed between 35 and 

38.5 GHz, confirming a wide impedance bandwidth along with 

the desired band rejection. 
 

 
 

 
 

                         (a) 

 

 
                          (b) 
 

Fig. 11. Comparison of simulated and measured S-parameter  (a) Return Loss,   (b) Isolation 

 

 

This behavior closely matches the simulated results. As 

illustrated in Fig. 11(b), the isolation between antenna 

elements exceeds 22 dB across the entire operating band, 

validating the effective suppression of mutual coupling. The 

minor deviations between simulated and measured responses 

are mainly attributed to connector losses, fabrication 

tolerances, and measurement setup constraints. 

B. Gain and radiation efficiency  

The MIMO antenna gain characteristics are depicted in Figure 

12(a), showing variations between 5 dB and 6.2 dBi, peak 

gain of 6.2dBi achieved at 42GHz. Antenna efficiency, a key 

metric for assessing performance, is presented in Figure 

12(b), with values ranging from 85% to 88% across the 

operating frequencies 

 
(a) 

 

 
                          (b) 

Fig. 12. (a) Peak Gain   (b) Radiation efficiency 
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C. Radiation Pattern  

Fig.13 presents the radiation pattern of the proposed antenna, 

illustrating the spatial distribution of radiated power and 

providing clear insight into its directional characteristics. 

 
           (a) 

(b) 

                 

Fig. 13. 2D pattern at (a) 33 GHz (b)at 41 GHz 

 

At the resonant frequencies, the measured radiation patterns 

show that the co-polarized field components dominate 

substantially over the cross-polarized components. This 

pronounced disparity indicates high polarization purity and 

minimal depolarization effects. Such behavior confirms that 

the antenna maintains stable and well-defined radiation 

characteristics across its operating bands, thereby  

demonstrating its excellent electromagnetic performance and 

suitability for practical wideband applications. 

D. Diversity Performance  

The diversity performance of the proposed antenna system 

was evaluated through key metrics, including the envelope 

correlation coefficient (ECC), diversity gain (DG). Envelope 

correlation coefficient (ECC) and Diversity gain (DG). 

The ECC, which indicates the similarity between radiation 

patterns of antenna elements, should ideally be below 0.5 for 

effective diversity operation. In this design, both simulated 

and measured ECC values remain below 0.02 across the entire 

band, as illustrated in Fig. 14(a), confirming excellent 

isolation and low correlation between elements. The DG, 

which reflects the reliability of communication links through 

independent fading paths, ideally approaches 10 dB. As 

shown in Fig. 14(b), the proposed antenna consistently 

achieves DG values exceeding 9.975 dB, demonstrating 

strong diversity performance and reliable MIMO operation. 

 
(a) 

 

 
(b) 

Fig. 14. Simulated Results (a) Effective Correlation Coefficient, (b) Diversity 

Gain 

Performance comparison: 

Table III compares the antenna in terms of overall size, 

bandwidth, isolation, ECC, and DG with previous designs. 
 

 
TABLE III 

COMPARISON OF  THE ANTENNA IN TERMS OF OVERALL SIZE, BANDWIDTH, ISOLATION, ECC, AND DG WITH PREVIOUS designs

Refs. Size  (mm3 ) Bandwidth 

(GHz) 

N.P Effi(%) Gain (dBi) ECC DG  Iso 

(dB) 

Year 

7 60 x 60 x 19.6 1.18–2.89  4 55-95 2.2-8.8 <0.01 ------ <-20 2023 

8 32.9x29.2x 0.254 20-40 2 ------- 9.5-13.1 <0.0002 >9.98 <-20 2022 

9 25x25x0.8 27.2-28.7 

36.2-42 

4 ------- 6.5-10.2 <0.002  <-20 2025 

10 27.6x12x0.274 26–30  36–
41.5  

2 -------- 5-6.1 <0.03 >9.9 <-22 2022 

11  43.6x43.6x0.4 27-29 

37-40 

4 96-99 3-6.1 <0.0002 >9.9 <-21 2022 

13 31x31x5.4 12.8–45 4  0.5-9.8 <0.005 >9.9 <-23 2024 

14 26x14x0.762 27.1-28.8 

35.2-38.9 

2  4.2-6.5 <0.0000

2 

>9.9 <-34.6 2023 

15 9.8x38.6x0.508 37-38.5 4 75-90 4.1-7.3 <3x10-5 >9.9 <-30 2024 
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17 58.2x58.2x0.76 26.5-29 3 ------ 4.71-5.9 <0.01 ----- <-30 2022 

18 23.85x23.85x0.254 19.6–22 
29.2–30.3  

4 >97 4.7-5.75 <0.19 >9.6 <-19 2022 

19 34x22.5x0.508 24-31 2 75-91 4-6.8 <0.01 >9.5 <-25 2023 

20 18x45.6x0.254 22-40 8 75-88 7-10.2 <0.0005 >9.99 <-18 2023 

21 17x20x0.508 26-30 
34-40 

4 60-91 5.5-6.7 ------- --------- <-19 2022 

22 15.3(radius) x1.16 26.1-27.5 3 ------ 4.9-5.2 <0.011 ----- <-19.3 2022 

P.W 12x8x1.6 30-35 

38.5-42.5 

4 85-88 5.1-6.2 <0.02 >9.97 <-22 --------- 

*Refs –References , N.P – Number of Ports , Effi - Efficiency , Iso-Isolation , P.W – Proposed Work 

 

 

CONCLUSION 

An ultra-compact four-port ultra-wideband MIMO antenna is 

presented for millimeter-wave applications. The design 

employs a meandered feedline and an adjacent split-ring 

resonator to introduce a controlled notch band, while a 

dedicated decoupling structure improves inter-element 

isolation. The antenna operates over a wide bandwidth of 30–

42.5 GHz with a rejection band from 35 to 38.5 GHz, within 

a compact size of 12 × 8 × 1.6 mm³. Strong MIMO 

performance is achieved, with low mutual coupling, envelope 

correlation coefficient below 0.02. The antenna also provides 

a peak realized gain of 6.51 dBi. The operating band covers 

important mmWave frequencies, including 5G n260/n261, 

Ka-band satellite links, and short-range radar systems, while 

the notched band effectively suppresses interference from 

point-to-point and Ka-band services. This makes the 

proposed antenna suitable for compact mmWave 

communication platforms. 
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