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Abstract ─ This paper presents a new compact, high gain 

and multiband planar bowtie slot antenna. The antenna 

structure comprises of dielectric substrate, copper 

conducting sheet, fillet triangular-shaped slots, and a 

chamfered metallic ground plane. The proposed antenna 

model is fed with the 50 Ω standard grounded coplanar 

waveguide (GCPW) feedline. The designed antenna is low 

profile with compact dimensions of 0.379λ×0.186λ×0.012λ 

at 2.39 GHz frequency. Stable multi-resonant behavior 

of frequencies is obtained with the material selection, 

slots dimensions and position. Moreover, the parametric 

study has been carried out in order to validate the 

frequency tuning mechanism and impedance matching 

control. The novelty of designed antenna lies in high 

performance features which have been achieved with 

ultra-compact (0.039λ×0.022λ) modified triangular shaped 

metallic ground plane. The proposed antenna is fabricated 

and experimentally verified. The antenna key features in 

terms of return loss, surface current distribution, peak 

gain, radiation efficiency and radiation patterns have 

been analyzed and discussed. The designed radiator 

exhibits the excellent performance including strong 

current density, peak realized gain of 6.3 dBi, 95% 

radiation efficiency, wide fractional bandwidth of 39.5% 

and good radiation characteristics at in-band frequencies. 

The simulation and measured results are in good 

agreement and hence make the proposed antenna a 

favorable candidate for the advanced heterogeneous 

wireless communication applications. 

 
Index Terms ─ Advanced Heterogeneous Wireless 

Communication Applications, Bow-tie Slot Antenna, 

Compact, High Gain, Triangular shaped Ground Plane. 

I. INTRODUCTION 
In past few decades, the demand to integrate 

multiple communication standards into a single device  

is increasing rapidly [1]. At present, different modern 

communication services are offered seamlessly by one 

device at the same time. Besides, there are multiple 

standards which can supports wireless local area  

network (WLAN), wireless fidelity (WIFI), world-wide 

interoperability over microwave access (WiMAX), global 

positioning systems (GPS), radio detection and ranging 

(RADAR) and satellite communication applications. It is 

important to design a system which can support multiple 

service standards and covers advanced heterogeneous 

applications including the civil and military regime [2]. 

Therefore, it is still a challenging task for active 

researchers to design a compact, multiband and high gain 

antenna with miniaturized triangular shaped metallic 

ground plane (MGP) specific for advanced heterogeneous 

wireless communication applications.  

In the last five years, the researchers proposed 

several approaches and modified designs of slot antennas 

to achieve the multiband features. These approaches 

mainly focused on the different feeding networks 

[3],[4],[5], etching out slots from the radiating patch 

[6],[7],[8], defected ground structure (DGS) [9]–[11], 

artificial magnetic conductor (AMC) loaded lattice [12], 

complementary split ring resonator (CSRR) loaded 

metamaterial cell geometry [13],[14],[15] and fractal 

structures [16]. A dual-band antenna with cavity backed 

substrate integrated waveguide (SIW) approach has been 

reported [17]. The authors proposed annular ring slot 

antenna, which exhibited narrowband features [18]. A 

reconfigurable slot antenna with gamma shaped slots and 
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PIN diodes for different applications has been suggested 

[19]. A tapered slot antenna (TSA) array reported the 

optimal performance with increased the number of 

radiating elements [20]. These antennas have the complex 

geometries and operated at a given range. 

Furthermore, the planar antennas with different 

configurations including U shaped slots and butter-fly 

shaped parasitic elements [21], omega shaped strips cut 

out from rectangular slot [22], slotted inverted omega 

shaped MGP [23] and the single layer multi-element 

approach planar antennas have been reported [24]. The 

antennas achieved the different functions and cover 

multiple wireless communication applications. In the 

literature, antennas exhibited the dual-band triple-band 

and quad-band response [25],[26],[27] with reasonable 

performance. However, the suggested methods were 

complex and time consuming.    

Recently, modified designs of multiband antennas 

have also been found in the literature. The authors 

designed the simple antennas with embedded slots on the 

radiator and obtained the penta-band and hexa-band 

response [28]. A comb-shaped slot antenna with simple 

configuration for penta-band applications was reported 

[29]. A simple antenna with cut slots was fabricated on 

Taconic material and obtained the penta-band response 

[30]. A multiband antenna for wireless handset covered 

lowest 6 GHz sub-band of fifth generation (5G) spectrum 

[31]. A crossed line based rectangular ring shaped 

multiband antenna fabricated on the flexible Roggers 

substrate material [32]. A modified design of slot antenna 

achieved the penta-band response with 2.3 dBi peak  

gain [33]. The authors proposed a bowtie slot antenna 

(BTSA) over 2-16 GHz frequency range and intended 

radiator occupied 1800 mm2 ample space [34]. Another 

multiband antenna resonated within 1-7 GHz exhibited 

the peak gain of 5.45 dBi [35]. A magneto-electric dipole 

antenna achieved the multiband response with 6.6 dBi 

gain operated within 1.5-7.5 GHz [36]. A planar antenna 

with the multi-circular shaped slotted substrate exhibited 

multiband response [37]. The antenna has larger size and 

the peak gain and radiation efficiency is not reported. It 

is worthy to note that the recent reported works on 

compact multiband radiators have complex geometries, 

larger dimensions and most of the designed antennas 

achieved optimal results over short frequency range. 

Also, it is well known fact that there is always a tradeoff 

between antenna performance charactestics with compact 

size, computational load and expensive material. Hence, 

it is hard to achieve optimal results with simple and 

compact geometry of radiators keeping in view with the 

tradeoff among the multiple features of the intended 

radiator.  

The key contribution of this manuscript is explained 

as: 

❖ The proposed structure validates a new 

geometrical structure of BTSA with compact 

electrical size 0.379λ×0.186λ×0.012λ, which 

constructs the more efficient model that not 

only accelerates the optimization process but 

also consumes less computational load.  
❖ The defined variables have increased the 

flexibility in terms of frequency tuning and 

impedance matching controllability. 
❖ The designed antenna operates over a broad 

frequency span of 2-18 GHz in contrast to most 

of the reported works which resonated at the 

short frequency range.  
❖ For the first time, the modified ultra-compact 

triangular shaped metallic ground plane has 

been designed with the advantages of antenna 

miniaturized dimensions. 
❖ The proposed antenna has the simple geometry 

and covers advanced heterogeneous wireless 

communication applications. 
❖ Finally, antenna performance is examined and 

analyzed with recently published state-of-the-

art existing works. The antenna exhibits broad 

fractional BW at required frequencies, peak 

realized gain of 6.3 dBi and excellent radiation 

efficiency performance of 95% which is higher 

than most of the previous investigated antenna 

designs.  
In this paper, a new compact multiband BTSA 

structure with ultra-compact triangular shaped MGP and 

GCPW feedline is presented. The proposed antenna is 

realized on low cost FR4 epoxy thick substrate. The 

designed radiator exhibits penta-band response at 10 dB 

return loss. The antenna has achieved high-performance 

features including good fractional bandwidth (BW), high 

realized gain, excellent radiation efficiency, strong 

surface current distribution and stable far-field co-

polarization and cross-polarization patterns across the 

standard planes. The design and simulation of the 

prototype have been carried out with high frequency 

structure simulator (HFSS) full wave electromagnetic 

solver based on the finite element method (FEM). The 

proposed antenna covers 5G spectrum, WLAN (2.3 - 3.4 

GHz), H-band (6-7.35 GHz), X-band (8.4 - 12.5 GHz), 

military airborne, naval and land RADAR (9.8 - 10.8 

GHz), Ku-band (14.9 - 5.59 GHz) and satellite (17.17 - 

17.37 GHz) frequency standard bands. Results reveal that 

the proposed antenna is well suitable for advanced latest 

heterogeneous wireless communication applications. 
 

II. PROPOSED RADIATOR 

METHODOLOGY 
The antenna development stages are shown in Figs. 

1 (a)-(e). The proposed antenna model comprises of 

dielectric substrate, copper conducting sheet (CCS), 

triangular shaped slots, MGP and 50 Ω GCPW feeding 

structure. These elements are engraved on the top and 

bottom side of the low cost FR4 epoxy printed circuit 
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board (PCB) laminate material with the constant values 

of relative permittivity εr = 4.4 and dielectric loss tangent 

δ = 0.02. The structure of proposed radiator from the top, 

bottom and lateral view perspective is shown in Figs. 1 

(e)-(g). The methodology of intended radiator is mainly 

based on designing of triangular shaped slots and CPW 

feedline above the thick substrate. CCS is embedded on 

top of the substrate. The standard thickness value of the 

copper material is chosen as 0.035 mm. 

  

 
 

Fig. 1. Development stages of antenna and proposed 

radiator structure.  

 

The triangular and rectangular slots are etched out 

from the upper CCS and form a left-side bowtie arm  

slot as depicted in Fig. 1 (a). Likewise, the right side 

triangular and rectangular slots are etched out from the 

upper CCS, which are exactly the mirror image of the 

left side bowtie arm slot and form right side bowtie arm 

slot as shown in Fig. 1 (b). The purpose of designing 

rectangular shaped slots is to realize the CPW feed line 

as given in Fig. 1 (c). The dimensions of the feeding 

structure are carefully optimized to achieve the 50 Ω 

input impedance. Fillet operation is performed at top and 

bottom edges of the left and right (LArc1,2 = RArc1,2 = 

0.0079λ) triangular shaped bowtie arms. These two 

bowtie arm slots have fulfilled the symmetry property as 

illustrated in Fig. 1 (d). The miniaturized rectangular 

MGP with compact size of 0.039λ × 0.022λ is engraved 

on the bottom side of the dielectric substrate and right 

below the CPW feedline. The chamfered operation of 

0.0183λ is performed at the edges of MGP and thus 

forms ultra-compact triangular shaped MGP as shown in 

Fig. 1 (f). The proposed antenna possesses overall size 

of 0.379λ×0.186λ×0.012λ (where λ denote free space 

wavelength at lowest resonant frequency of 2.39 GHz). 

An approximated equations extracted from transmission 

line model are used to compute the dimensions of the 

triangular shaped bowtie arms and CPW feedline [38].  

The return loss performance of developed antenna 

prototypes is elucidated in Fig. 2. It can be analyzed that 

designed antenna structure obtained the fractional BW of 

39.5%, 36.7%, 19.35%, 4.25% and 1.16% at third, first, 

second, fourth and fifth frequency bands. Likewise, good 

matching performance and stable penta-band resonances 

at targeted frequencies are observed.  
 

 
 

Fig. 2. Developed antenna model’s return loss over 

specified frequency range.  
 

Table 1: Antenna optimized values, unit: (mm) 

Variable 

Symbol 

Optimized 

Value 

Variable 

Symbol 

Optimized 

Value 

LDS 47.6 LCCS 47.6 

WDS 23.4 WCCS 23.4 

HDS  X 5 

XL  Y 2.3 

YL  Z 2.3 

XR  YR 20 

WRS  LRS 11.1 
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Further, the rectangular slots, dielectric substrate, 

CCS and MGP size (length and width) affects the 

proposed radiator performance. The chamfered and fillet 

operations are performed on the bowtie arm slots and 

MGP. This modification has the great impact on the 

multi-resonant performance and impedance matching 

control of the radiator. The proposed antenna exhibits 

overall optimum performance by carefully selecting 

defined variables values. The geometrical dimensions of 

the proposed antenna are listed in Table 1.  
 

III. SIMULATION RESULTS ANALYSIS 
This section explains and analyzes the multi-

resonant frequency tuning, matching performance, and 

surface current distribution of the proposed antenna. 

 

A. Influence of LRS, WDS and WCCS 

Tuning of three bands is observed with the variation 

of three important variables as shown in Fig. 3. The 

multiple resonant bands centered at 2.86 GHz, 15.5 GHz 

and 17.5 GHz (first, fourth and fifth resonances) are 

tuned with the rectangular slot (LRS), dielectric substrate 

(WDS) and copper conducting sheet (WCCS) dimensions.  

 

 
 

Fig. 3. Tuning and impedance matching control of 

multiple resonances across the operating frequency 

range. 

 

It can be analyzed from Fig. 3 that the LRS value 

varies from 8.5 mm to 11.1 mm with the step size of 0.5 

mm and WDS, WCCS values vary from 20.8 mm to 23.4 

mm to achieve perfect matching at the higher values. 

 

B. Influence of rectangular slot width (WRS) 

The influence of rectangular slot width (WRS) 

variation with step size of 0.2 mm across frequency is 

displayed in Fig. 4. One can observe shifting of the two 

bands centered at 6.72 GHz and 10.6 GHz (second and 

third) towards the lower and upper frequency range. As 

displayed in Fig. 4, optimum results are obtained at 1.2 

mm which shows stable and good impedance matching 

over specified frequency. 

 

 
 

Fig. 4. Tuning and impedance matching control of 

resonances across the operating frequency range. 

 

C. Influence of metallic ground plane (MGP)  

The impact of MGP on overall performance of the 

proposed antenna is portrayed in Fig. 5. This impact is 

analyzed by simple MGP, chamfered MGP and absence 

of embedded MGP scenarios. One can observe that the 

antenna achieves required stable multiband response 

with chamfered MGP.  

 

 
 

Fig. 5. Impact of chamfered MGP on the impedance 

matching across the frequency span. 

 

D. Influence of different substrate material  

In order to technically validate the stable multiband 

response, it is essential to verify the proposed radiator 

performance with different substrate material. The 

results of substrate materials are compared and depicted 

in Fig. 6. One can observe that the antenna achieves the 

perfect matching with stable desired resonances at 10 dB 

return loss by using the FR4 substrate material.  
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Fig. 6. Simulated results of different substrate material 

correspond to specified frequency. 

 

E. Surface current distribution (Jsurf) 

The concentration of current across the surface of 

radiator is analyzed and discussed in order to validate  

the effective working of proposed antenna. The current 

distributed density across the proposed antenna lattice at 

multiple resonant frequencies is depicted in Figs. 7 (a)-

(e). It can be seen that at lower resonances i.e. 2.86 GHz 

and 6.72 GHz, the strong current is concentrated along 

the structure of the radiator and 50 Ω GCPW feedline. 

However, a diminutive variation in circulation of current 

at higher resonances for example, 10.6 GHz, 15.5 GHz 

and 17.5 GHz, can be noticed on the upper and lower 

front edges of radiator. The above analysis concludes 

that the current is equally distributed across the proposed 

antenna structure which confirms the babinet’s optic 

principle for slot antennas.  

 

 
                                         (a) @ 2.86 GHz 

 
                                        (b) @ 6.72 GHz 

 
                                        (c) @10.66 GHz 

 
                                        (d) @ 15.5 GHz 

 
                                        (e) @ 17.5 GHz 
 

Fig. 7. Surface current distribution (Jsurf) across the 

proposed antenna lattice at multiple resonances. 
 

IV. EXPERIMENTALLY VALIDATED 

RESULTS 
This section mainly focuses on the experimental 

results of return loss, peak realized gain, radiation 

efficiency and co-polarization and cross-polarization  

far-field two dimensional (2D) radiation patterns. The 

fabricated antenna sample photograph along with top 

and bottom view is shown in Figs. 8 (a)-(b). The pin 

(inner conductor) of 50 Ω SMA connector is carefully 

soldered at middle of the GCPW feedline, which is 

engraved on top of the substrate. The outer conductor is 

connected to the chamfered ultra-compact triangular 

shaped MGP, which is embedded on the bottom of 

substrate as shown in Fig. 8 (b).  
 

  
(a) (b) 

 

Fig. 8. Fabricated sample of the proposed radiator: (a) 

top view and (b) bottom view. 
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A. Return loss performance 

The fabricated antenna model is tested to validate 

simulation results. The simulated (blue) and measured 

(dashed red) return loss results across the specified 

frequency range are compared in Fig. 9. The antenna 

model is connected to one port of calibrated keysight 

PNA-X N-5245B network analyzer.  

 

 
 

Fig. 9. Simulated and measured return loss performance 

across the operable frequency range. 

 

It can be seen from Fig. 9 that the return loss 

performance of the designed and fabricated model is  

well coincides. One can observe a slight shift of the 

resonances in the measured result. A close agreement is 

clearly seen among the simulated and tested results. 

However, the deviation in experimental and simulation 

results is mainly due to the fabrication tolerances in the 

manufacturing of the substrate material, thickness, loss 

tangent or relative permittivity values, and imperfect 

soldering.  

 

B. Peak realized gain and radiation efficiency 

The simulated and measured results of peak realized 

gain and radiation efficiency against the given frequency 

range are plotted and compared in Fig. 10. The antenna 

model simulation result (blue) achieved the high gain  

of 6.3 dBi and 5.72 dBi at 15.5 GHz and 17.5 GHz. 

Similarly, fair and acceptable gain is observed at other 

resonances. The peak realized gain of fabricated sample 

of antenna was measured with two identical ridge horn 

antennas with known gain. It can be seen from Fig.  

10 (dashed red streak) that about 1 dB deviation in 

measured and simulated gain results is observed which 

validates the performance of fabricated prototype. The 

radiation efficiency simulation result of the proposed 

antenna model (black curve) shows high performance  

of 95%, 90%, 88%, 75.4% and 74.9% at in-band 

frequencies. An effective pattern integration method  

was applied to measure the radiation efficiency. The 

proposed antenna radiation efficiency measurement 

results are slightly deviated in comparison with the 

simulation results as can be seen from Fig. 10 (dashed 

pink streak). The results have revealed the practical 

performance of designed sample across the operational 

frequency span. 
 

 
 

Fig. 10. Simulated and measured peak realized gain and 

radiation efficiency against the operable frequency 

range. 
 

C. Co-polar and cross polar patterns 

The radiation patterns in principal planes of the 

proposed antenna are measured inside the anechoic 

chamber under far-field condition. The placement of 

device under test (DUT) is shown in Figs. 11 (a)-(b). The 

fabricated antenna prototype co-polarization and cross-

polarization radiation patterns in elevation (E-plane) and 

azimuth (H-plane) are measured inside the chamber 

room. The measurement indoor facility walls are covered 

with radio absorbing material. DUT was placed on the 

azimuth rotator and move around 360°. The rotary table 

has been controlled by the positioner controller and 

connected to the computer with ethernet cable. The 

standard ridge gap horn (transmitter) and the DUT 

(receiver) have been fixed in line of sight (LoS) at a 

certain distance which fulfilled the far-field condition. 

Besides, the microwave cables are connected to the 

antennas and with the ports of vector network analyzer 

(VNA). A computer has been installed to monitor the 

measurement results, execute the commands and save 

the measured data. 
 

     

                     (a)                                        (b) 
  

Fig. 11. DUT placement in anechoic chamber. 
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The simulation and measurement results of co-

polarization and cross-polarization in principal planes at 

in-band resonances are displayed and compared in Figs. 

12 (a)-(j). The co-polarization and cross-polarization 

pattern results of the proposed antenna in E-plane at 

multiple resonances are shown in Figs. 12 (a), (c), (e), 

(g) and (i). The antenna exhibits near omni-directional 

radiation pattern of co-polarization in E-plane at in-band 

resonances. One can see the simulation results at higher 

resonances are changing gradually. At higher resonances 

cross-polarization level is slightly increased. The  

cross-polarization level is almost -20 dB at targeted 

resonances. It is found that the measurement results of 

co-polarization and cross-polarization radiation patterns 

are slightly deteriorated as the frequency increases and 

nulls are observed at higher resonances. Further, the co-

polarization and cross-polarization antenna results in  

H-plane at multiple resonances are portrayed in Figs. 12 

(b), (d), (f), (h) and (j). The antenna exhibits nearly 

monopole like co-polarization and cross-polarization 

radiation pattern at lower resonances. A slight change in 

radiation patterns at higher resonances is observed. One 

can analyze that the simulation and measurement results 

show a diminutive shift and slightly deteriorated. The 

deviations in measured results at principal planes are 

mainly due to the fact of losses inside measurement 

chamber facility, rotation of the antenna model and SMA 

radiation. The overall measured radiation patterns at  

in-band resonant frequencies are well coincide with 

simulated results. 

 

     
     (a) XoZ-plane @ 2.86 GHz             (b) YoZ-plane @ 2.86 GHz 

      
     (c) XoZ-plane @ 6.72 GHz              (d) YoZ-plane @ 6.72 GHz 

 

        
      (e) XoZ-plane @ 10.66 GHz            (f) YoZ-plane @ 10.66 GHz  

         

      (g) XoZ-plane @ 15.5 GHz               (h) YoZ-plane @ 15.5 GHz 

    
      (i) XoZ-plane @ 17.5 GHz            (j) YoZ-plane @ 17.5 GHz  

 

Fig. 12. Simulated and measured co-polar and cross-

polar far-field patterns across the principal plane at 

multiple resonances.  
 

V. LITERATURE COMPARISON 
The performance comparison of the proposed 

antenna with state-of-the-art work is compared in  

Table II. It can be seen that the proposed antenna is 

miniaturized, low profile and exhibited the optimal 

performance in terms of peak gain and radiation 

efficiency. The proposed antenna is very smaller in size 

and decreases in overall occupied space of 84.5%, 38.1% 

and 36.34% in comparison to Refs. [29]-[31]. The 

antenna reported in [29] obtained a higher gain with 

compromised overall occupied space. It can be noticed 

that the radiation efficiency of the antennas were not 

focused in [5], [33] and [35]-[37]. From the comparison 

analyzed results, it is evident that most of the reported 

works on multiband antennas cover a small frequency  
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span as compared to the proposed multiband BTSA.  
 

Table 2: Proposed radiator performance comparison 

with state-of-the-art investigated multiband antennas 

Ref. 
Electrical Size (λ) 

[LDS×WDS] (mm2) 

Antenna 

Profile (λ) 

[HDS] (mm) 

Gain 

(dBi) 

Efficiency 

(%) 

Our 

work 
0.379λ×0.186λ 0.012λ 6.3 95 

[29] 0.694λ×0.484λ 0.003λ 6.46 79 

[30] 0.53λ×0.48λ 0.009λ 5.37 94.8 

[31] 0.966λ×0.485λ 0.013λ 2.86 77 

[33] 0.966λ×0.485λ 0.004λ 2.5 

Not 

Reported 

(NR) 

[5] 0.099λ×0.165λ 0.0135 λ 3.0 NR 

[35] 0.35λ×0.22λ 0.0079 λ 5.45 NR 

[36] 0.4λ×0.13λ 0.16 λ 6.6 NR 

[37] 0.489λ×0.351λ 0.024 λ NR NR 

 

VI. CONCLUSION 
In this article, a new compact high gain and 

multiband BTSA with miniaturized triangular shaped 

MGP has been proposed and investigated. The antenna 

is realized on the low-cost FR4 epoxy thick substrate. 

The antenna prototype has miniaturized dimensions of 

0.379λ×0.186λ×0.012λ. Influence of multiple variables 

have been analyzed and discussed. Analysis of surface 

current distribution at multiple resonances has been 

investigated. The proposed antenna model exhibited an 

excellent performance of return loss, peak realized gain, 

radiation efficiency and stable far-field co-polarization 

and cross-polarization radiation patterns. The designed 

antenna obtained the wide fractional bandwidths at in-

band resonances. High gain of 6.3 dBi, 5.72 dBi, 3.64 

dBi, 2.89 dBi and 2.58 dBi are achieved at 17.5 GHz, 

15.5 GHz, 2.86 GHz, 6.72 GHz and 10.66 GHz 

resonances. The proposed antenna showed an excellent 

radiation efficiency performance of 95%, 90%, 88%, 

75.5% and 74.9% at in-band frequencies. The designed 

antenna has been fabricated, tested and experimentally 

verified. The simulation and measured results are in 

close agreement and hence make the proposed antenna 

as an excellent choice for advanced heterogeneous 

wireless communication applications.   
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