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This study proposes a radiation pattern reconfigurable antenna 
operating at 38 GHz and 55 GHz for 5G, 6G, and radar 
applications. The antenna employs a single BAR64-02V RF 
switch to achieve pattern and frequency reconfigurability, 
enabling efficient beam steering without complex feed systems. 
At 38 GHz, significant beam shifts occur in Phi = 90° (180° to 
50°) and Theta = 90° (–50° to –131°), while at 55 GHz, a notable 
shift from –120° to –108° is observed at Phi = 0°. The ON-state 
supports triple-band functionality, and the OFF-state provides a 
dual-band response. High radiation efficiencies of 93% and 
90.6% are achieved at 38 GHz and 55 GHz, respectively. 
Simulated VSWR and S11 results confirm impedance matching. 
The design demonstrates potential for mm-Wave applications, 
offering beamforming, interference control, and enhanced signal 
quality in next-generation wireless and radar systems. 
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Bu çalışmada, 5G, 6G ve radar uygulamaları için 38 GHz ve 55 
GHz frekanslarında çalışan ışıma örüntüsü yeniden 
yapılandırılabilir bir anten önerilmektedir. Anten, ışıma örüntüsü
ve frekans yeniden yapılandırılabilirliğini sağlamak için tek bir 
BAR64-02V RF anahtarı kullanmakta olup, karmaşık besleme 
sistemlerine ihtiyaç duymadan etkin hüzme yönlendirmesi 
sunmaktadır. 38 GHz frekansında, Phi = 90° (180°’den 50°’ye) 
ve Theta = 90° (–50°’den –131°’ye) açılarında belirgin hüzme 
kaymaları gözlemlenmiştir. 55 GHz’de ise Phi = 0° yönünde –
120°’den –108°’e bir kayma meydana gelmiştir. ON durumunda 
anten üç bantlı, OFF durumunda ise çift bantlı çalışma 
sergilemektedir. 38 GHz’de %93, 55 GHz’de %90,6 radyasyon 
verimi elde edilmiştir. Simülasyon sonuçları, VSWR ve S11

parametrelerinin tüm durumlarda empedans uyumu sağladığını 
göstermektedir. Tasarım, mm-Dalga uygulamaları için bir aday 
olup, hüzme şekillendirme, girişim azaltma ve sinyal kalitesini 
artırma gibi avantajlar sunarak yeni nesil kablosuz ve radar 
sistemleri için önemli bir potansiyel göstermektedir. 
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1. INTRODUCTION 
 
The ability of radiation pattern reconfigurable antennas to adjust to different operational settings and 
requirements has drawn a lot of interest in recent years. In complicated situations like urban settings or 
mobile applications where multipath fading is common, these antennas' ability to dynamically alter their 
radiation patterns is essential for improving communication performance [1-3]. Several methods, such as 
mechanical modifications, electronic switching, and the application of cutting-edge materials like liquid 
crystals and metamaterials, can accomplish the reconfigurability [4-6]. By focusing the radiation pattern's 
main lobe toward the intended communication direction and blocking unwanted signals from other 
directions, radiation pattern reconfigurable antennas can reduce interference and enhance signal quality, 
which is one of their main benefits [7-9]. To sustain high data rates and dependable connections in crowded 
metropolitan locations, for example, antennas built for 5G applications frequently include reconfigurable 
features to improve beam steering and shaping [10,11]. These antennas' capacity to alternate between 
several radiation patterns enables them to adjust to shifting environmental conditions and maximize 
performance [12,13]. Recent developments in the sector have resulted in the creation of a variety of 
reconfigurable antenna types, such as those that enable pattern reconfiguration by using varactor diodes, 
PIN diodes, and MEMS switches [14-16]. For instance, by modifying the current distribution, which 
directly influences the radiation characteristics, antennas using MEMS technology may transition between 
various radiation patterns [14,17]. In order to maximize the design and functionality of reconfigurable 
antennas and enable more intelligent adaptation to environmental changes, the integration of machine 
learning techniques has also been investigated [18,19]. 
 
Reconfigurable antennas are also essential to the development of 5G and other wireless communication 
technologies, especially in the millimeter-wave (mm-wave) band. By constantly changing their emission 
patterns, frequencies, and polarizations, these antennas improve communication effectiveness and 
versatility across a range of applications. 5G wireless communication is one of the most important uses for 
millimeter-wave reconfigurable antennas. For 5G, the FCC has allotted mm-wave channels, which provide 
broad bandwidths that can accommodate increased data rates and enhanced throughput [20,21]. In this 
spectrum, reconfigurable antennas have the ability to transition between several operating modes, which 
enables them to adjust to changing communication requirements and conditions. For example, in urban 
environments where line-of-sight conditions may vary quickly, antennas that can direct their radiation 
patterns to certain angles, such +45° and -45°, are very helpful [22,23].  Furthermore, the use of 
reconfigurable antennas with multiple-input multiple-output (MIMO) systems is essential for improving 
capacity and reliability in millimeter-wave communications. These antennas may be engineered to function 
over various frequency bands while preserving effective radiation patterns, hence alleviating problems 
associated with multipath fading and interference [24,25]. The capacity to modify the radiation pattern 
allows these antennas to concentrate energy in certain directions, enhancing signal quality and minimizing 
the risk of signal deterioration caused by obstructions or environmental influences [26,27]. 
 
The design of these antennas often incorporates novel shapes and combinations that optimize performance 
while reducing size, a vital factor for mm-wave applications where space is constrained. The research 
conducted by Jiang et al. on a beam-switchable low-profile antenna underscores the significance of compact 
designs that can efficiently function at millimeter-wave frequencies while offering essential beam steering 
capabilities [27]. The advancement of frequency reconfigurable antennas capable of functioning across 
different bands, as highlighted by Parchin et al., emphasizes the adaptability necessary in contemporary 
wireless systems [28]. Moreover, the capacity to modify both frequency and radiation pattern is very 
beneficial in cognitive radio networks, where antennas need to adjust to fluctuating spectrum availability 
and user requirements. This flexibility is essential for maximizing resource use and guaranteeing 
dependable communication in changing contexts [29,30]. Current research in this domain investigates 
innovative methods to improve the reconfigurability and efficiency of mm-wave antennas, facilitating the 
development of more resilient and adaptable communication systems. In a nutshell, pattern reconfigurable 
antennas are set to significantly contribute to the progression of mm-wave technology, especially for 5G 
and future developments. Their capacity to dynamically modify radiation patterns not only improves 
communication efficacy but also accommodates the varied and advancing requirements of contemporary 
wireless applications. 
 
This study presents an antenna structure engineered for reconfigurability in radiation pattern parameters for 
two specific high-frequency bands: 38 GHz and 55 GHz. These two frequencies are essential for 
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applications necessitating directional flexibility in 5G and 6G communication systems and radar. Creating 
an antenna that functions consistently throughout an extensive frequency spectrum (1 GHz to 60 GHz) 
while preserving reconfigurable capabilities at two designated high-frequency bands presents significant 
challenges and is little discussed in contemporary research. The implementation of an RF switch for 
attaining reconfigurability in radiation patterns exemplifies a practical and compact solution in contrast to 
more intricate systems such as numerous feeding networks or supplementary antenna components. 
 
The organization of this paper is structured to provide a comprehensive analysis of the proposed radiation 
pattern reconfigurable antenna for mm-wave applications. Section 1 introduces the importance of radiation 
pattern reconfigurability in next-generation wireless communication systems, particularly for 5G, 6G, and 
radar applications, highlighting recent advancements and research gaps. Section 2 details the antenna 
design, including substrate selection, structural parameters, and the integration of the RF switch for 
achieving pattern reconfigurability. Additionally, the RF switch's equivalent circuit and biasing network 
are discussed to provide insight into its operational mechanism. Section 3 presents simulation results, 
including reflection coefficient characteristics, VSWR, radiation efficiency, and detailed radiation pattern 
analysis for both 38 GHz and 55 GHz frequencies, comparing the ON and OFF states. The performance 
evaluation is supported by graphical representations and tabulated data for clarity. Section 4 summarizes 
the key findings, emphasizing the antenna’s effectiveness in achieving dynamic beam steering with high 
radiation efficiency. Finally, Section 5 provides references to relevant literature, supporting the study's 
theoretical and practical contributions to the field of reconfigurable antennas.  
 
2. ANTENNA DESIGN  
 
The proposed novel antenna structure is illustrated in Figure 1. It is clear from Figure 1 that the proposed 
antenna structure has only one RF switch namely BAR64-02V to alter and navigate the antenna 
performance parameter configurations. The overall dimension of the proposed antenna is 20.3×15.2×1.6 
mm3. The substrate material is Arlon AD 250C with the permittivity of 2.5, the copper thickness of 0.035 
mm, and the thickness of 1.512 mm, respectively [31]. The main purpose is to select substrate material such 
as Arlon AD 250C, which has low dielectric loss for higher frequency applications, stable dielectric 
constant across wider frequency range, low moisture absorption, and compatibility with printed circuit 
board (PCB) antenna design [31-33]. Thus, the commonly used technique, which is PCB, is preferred for 
the implementation of the proposed antenna design [34-36].  Initially, the triangular monopole antenna 
design with respect to the dimensions given in Table 1. Then, the slotted radiating part is integrated into 
the proposed antenna design to provide the desired antenna performance parameters along with the radiation 
pattern reconfigurability and operating frequency alteration. 
 

 
  (a)                            (b) 

Figure 1. a) Front and b) Back views of the proposed antenna structure with one RF switch 
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Table 1. The proposed triangular monopole antenna dimensions 
Physical dimensions Value Unit 
Taper angle 36 Degree(o) 
Substrate height 1.524 mm 
Slot width 0.30 mm 
Slot offset 4.26 mm 
Slot length side 2.40 mm 
Slot length bottom 6.08 mm 
Relative permittivity 2.5 -- 
Guide width outer 1.27 mm 
Guide width inner 1.05 mm 
Ground plane width 15.20 mm 
Ground plane length 12.67 mm 
Feed gap 0.03 mm 
Element width 7.6 mm 
Element length 7.6 mm 
Dielectric extension length Element length + feed gap mm 

 
2.1. RF Switch Equivalent Circuit and Biasing Network 
 
RF switch, which is BAR64-02V [37], has equivalent circuits with respect to the ON and OFF states. Figure 
2a and Figure 2b are detailed the equivalent circuits and their corresponding values [38]. Figure 3 also 
details the bias circuitry of BAR64-02V for the further analysis and measurement procedure of the proposed 
antenna.  

 
a) 

 
b) 

Figure 2. The detailed equivalent circuits of RF switch namely BAR64-02V 
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Figure 3. The bias circuitry for BAR64-02V for the measurement setup 

	
3. RESULT AND DISCUSSIONS 
 
The reflection coefficients of the proposed antenna are simulated with respect to the switch condition and 
given in Figure 4, respectively. It is clear from Figure 4 that the proposed antenna with ON state has a triple 
band characteristic and with OFF state has dual-band characteristic. It can be deduced from reflection 
coefficient analysis that the proposed antenna has common operating frequency bands, which makes the 
reconfigurability analysis for the radiation pattern characteristic of the proposed antenna. Table 2 details 
the RF performance parameters of the proposed antenna structure as well. It is also clear from Table 2 that 
the operating frequency ranges and corresponding bandwidths are quite promising values for the desired 
application areas. Figure 5 depicts the visualization of the operating frequency bands for both OFF and ON 
states. The horizontal bars represent the frequency ranges, with the OFF state shown in blue and the ON 
state in green. 
 

 
Figure 4. The simulated reflection coefficients of the proposed antenna along with ON and OFF states 
 
Table 2. RF performance parameters of the proposed antenna along with ON and OFF states 

States Operating frequency band Bandwidth 

OFF 
12.13-27.22 GHz 

33.12-60 GHz 
15.09 GHz 
26.88 GHz 

ON 
4.74 – 8.16 GHz 
16.6-27.4 GHz 
33.86-60 GHz 

3.42 GHz 
10.8 GHz 

26.14 GHz 
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Figure 5. The visualization of proposed reconfigurable antenna frequency bands in OFF and ON states. 

 
The other proposed antenna performance parameters are depicted in Figures 6 and 7, respectively. The 
simulated VSWR parameters with ON and OFF states also comply with the reflection coefficient 
parameters. On the other hand, simulated radiation efficiencies are quite acceptable values for the desired 
frequency range.  
 

 
Figure 6. The simulated VSWR characteristic of the proposed antenna along with changing switch 

conditions 
 

 
Figure 7. The simulated radiation efficiency characteristic of the proposed antenna along with changing 

switch conditions 
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The radiation pattern characteristics of the proposed antenna along with two states are presented at the 
frequency of 38 GHz in Figure 8. It is clear from Figure 8a that the main lobe directions are 180o and 169o 
for OFF and ON states, respectively. Table 3 is detailed by the additional information of the radiation 
pattern characteristic namely main lobe direction, main lobe magnitude, and angular width (3 dB). It can 
be deduced from Figure 8 and Table 3 that the main lobe direction shift in each state suggests that the 
antenna successfully achieves radiation pattern reconfigurability. The changes in beamwidth and magnitude 
might indicate a trade-off between directivity and gain when switching states. The substantial beam 
direction shift confirms that the antenna can significantly steer beams based on the switch state. The 
observed behavior is ideal for beamforming applications in 5G mm-Wave (38 GHz) networks, where 
dynamic radiation pattern control is essential. The proposed antenna provides radiation efficiencies of 
92.8% (OFF state) and 93% (ON state), which is acceptable values.  
 

 

a) 

 

b) 

 

c) 

Figure 8. The radiation pattern characteristics of the proposed antenna along with two states at the 
frequency of 38 GHz 

 
Table 3. The radiation characteristics for both states at 38 GHz 

States (at 38 GHz) 
Phi=0o Phi=90o Theta=90o 

OFF ON OFF ON OFF ON 

Main lobe direction 180o 169o 180o 50o -50o -131o 

Angular width (3 dB) 48.2o 61o 53.1o 37.1o 22.7o 22.4o 

Main lobe magnitude 2.28 1.38 2.28 1.7 3.26 3.02 
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The radiation pattern characteristics of the proposed antenna along with two states are presented at the 
frequency of 55 GHz in Figure 9. It is clear from Figure 9a that the main lobe directions are -120o and -
180o for OFF and ON states, respectively. Table 4 is detailed by the additional information of the radiation 
pattern characteristic namely main lobe direction, main lobe magnitude, and angular width (3 dB). It can 
be deduced from Figure 9 and Table 4 that the main lobe direction shift in each state suggests that the 
antenna successfully achieves radiation pattern reconfigurability. Especially, the most significant beam 
shift occurs in Phi = 0° (-120° to -108°), meaning the antenna can redirect signals effectively in this plane. 
Minimal beam shift in Phi = 90° and Theta = 90° suggests stability in those orientations. Phi = 90° has the 
narrowest beam, making it ideal for directional applications. Theta = 90° and Phi = 0° broaden when ON, 
indicating wider coverage potential. The observed behavior is ideal for beamforming applications, 
especially at Phi=0o due to the 12o shift for 5G mm-Wave (55 GHz) networks, 6G and V band applications. 
The substantial beam direction shift confirms that the antenna can significantly steer beams based on the 
switch state. The proposed antenna provides radiation efficiencies of 90.6% (OFF state) and 90.4% (ON 
state) at the frequency of 55 GHz.  
 

a) b) 

 

c) 

Figure 9. The radiation pattern characteristics of the proposed antenna along with two states at the 
frequency of 55 GHz 
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Table 4. The radiation characteristics for both states at 55 GHz 

States (at 55 GHz) 
Phi=0o Phi=90o Theta=90o 

OFF ON OFF ON OFF ON 
Main lobe direction -120o -108o 156o 157o 69o 70o 
Angular width (3 dB) 45.4o 50.7o 16.6o 17.5o 24.6o 27.9o 
Main lobe magnitude 1.42 1.51 5.34 5.11 4.76 4.22 

 
4. CONCLUSION 
 
This study presents the design and analysis of a novel radiation pattern reconfigurable antenna that operates 
efficiently at two key mm-wave frequencies, 38 GHz and 55 GHz. The proposed antenna incorporates a 
single RF switch (BAR64-02V) to dynamically alter its radiation pattern, making it an optimal choice for 
next-generation wireless communication systems, including 5G, 6G, and radar applications. The integration 
of reconfigurability enables the antenna to adapt to varying communication requirements, providing 
enhanced beam steering and interference reduction. Through detailed simulations, it is observed that the 
proposed antenna exhibits significant beam direction shifts and variations in angular width and gain, 
confirming its effectiveness in achieving reconfigurable radiation patterns. At 38 GHz, the main lobe 
direction shifts from 180° (OFF) to 169° (ON) in Phi = 0°, and at 55 GHz, the shift is observed from -120° 
to -108°, highlighting its capability for effective beam steering. Additionally, the antenna maintains high 
radiation efficiency across both frequencies, with values exceeding 90%, ensuring reliable performance in 
practical implementations. The frequency reconfigurability of the proposed antenna extends across a broad 
spectrum, from 1 GHz to 60 GHz, with distinct reconfigurable bands in both ON and OFF states. This 
flexibility allows the antenna to support various applications requiring dynamic frequency adaptation, such 
as cognitive radio networks and multi-band communication systems. The compact and efficient design of 
the antenna, with a low-loss Arlon AD 250C substrate, ensures stable performance at high frequencies 
while maintaining a simple structure. The practical realization of radiation pattern reconfigurability using 
a single RF switch, as opposed to complex multi-feed networks, demonstrates a cost-effective and scalable 
solution for mm-wave applications. The proposed radiation pattern reconfigurable antenna demonstrates 
significant potential for use in beamforming applications, 5G/6G wireless networks, V-band satellite 
communication, and advanced radar systems. Future work may focus on hardware validation, prototyping, 
and integration with MIMO systems to further explore its capabilities in real-world scenarios. 
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