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I. INTRODUCTION 

Recently, wireless communication devices have been gradually 

miniaturized, and this has led to a continuous increase in demand 

for small antennas for civilian and military purposes in the 

wireless communication market [1–6]. Owing to this demand, 

various types of small antennas are being studied. Conventional 

printed series-fed endfire dipole antennas are easy and inexpen-

sive to manufacture, and they can be implemented with a wide 

bandwidth; therefore, they are popular in the wireless communi-

cation market [7–12]. However, owing to the large size of the 

endfire dipole antenna, which results from the dipole length and 

the interdipole spacing required to satisfy the endfire condition, 

it is difficult to use a conventional endfire dipole antenna for 

small wireless communication devices. To overcome this problem, 

researchers have conducted studies on the miniaturization of 

dipole arms [13–25]. The electrical length of a conventional 

dipole is half the wavelength of the center frequency. To reduce 

the electrical length of the dipole, researchers have studied many 

types of meander dipole [13–17], bent dipole, and folded dipole 

structures [18–25]. Furthermore, small zeroth-order resonant 

dipole antennas with composite right-/left-handed metamaterial 

structures have been proposed [26, 27]. Although the size of the 

dipole arm of the endfire dipole antenna can be reduced by using 

these structures, the phase difference between adjacent dipoles 

should be between 90° and 180° to satisfy the endfire condition. 

In a conventional endfire dipole antenna, this phase difference is 

determined by the interdipole distance. It is difficult to reduce 

the size of the antenna since the interdipole distance is large [28, 

29].  

In this study, a meander line was used for the transmission 

line connecting the dipoles of a series-fed endfire dipole antenna 

to satisfy the endfire condition while reducing interdipole spacing. 

Furthermore, a bent dipole and a corrugated ground plane were 

used to reduce the overall width of the antenna. 
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Abstract 
 

The conventional series-fed endfire dipole antenna has a wide impedance bandwidth and is inexpensive to manufacture. However, it has a 

disadvantage: its size is large because of the large inter-dipole spacing, which is required to satisfy the endfire condition for good antenna 

radiation characteristics. Here, we propose a two-dipole endfire antenna with a reduced size. The miniaturized endfire antenna was designed 

using a meander line to reduce the interdipole spacing while ensuring that the endfire condition was satisfied. Furthermore, the overall 

width of the antenna was reduced using a bent dipole and a corrugated ground plane. The electrical size of the proposed antenna was only 

0.33𝜆   × 0.33𝜆  × 0.014𝜆  at a center frequency of 5 GHz, its –10 dB impedance bandwidth was 4.47–5.72 GHz (24.5%), and the gain 

at the center frequency was 5.9 dBi. 

Key Words: C-Band Antenna, Dipole Antenna, Endfire Antenna, Miniaturized Antenna, Printed Dipole Antenna. 

 

 

Manuscript received January 9, 2022 ; Revised May 6, 2022 ; Accepted June 1, 2022. (ID No. 20220109-006J)  
1Department of Electrical and Computer Engineering, Ajou University, Suwon, Korea. 
2Department of AI Convergence Network, Ajou University, Suwon, Korea. 
*Corresponding Author: Ikmo Park (e-mail: ipark@ajou.ac.kr)  
 

 

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ⓒ Copyright The Korean Institute of Electromagnetic Engineering and Science. 



JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 22, NO. 5, SEP. 2022 

564 
   

  

II. TWO-ELEMENT DIPOLE ANTENNA 

A conventional series-fed two-dipole endfire antenna was 

designed by connecting two straight dipoles in series with a 

parallel strip transmission line. The dipoles were matched using 

a quarter-wave impedance transformer, and their lengths were 

chosen to be slightly different to achieve a large impedance 

bandwidth [30, 31]. Fig. 1 shows the geometry of the conven-

tional two-dipole antenna. The substrate used for the antenna 

was Rogers RO4003C (εr = 3.38 and tanδ = 0.0027), and its 

thickness was 0.8128 mm. The –10 dB impedance bandwidth 

of the conventional dipole antenna is 4.48–5.56 GHz, and its 

gain at a center frequency of 5 GHz is 5.9 dBi. The ANSYS 

High-Frequency Structure Simulator (HFSS) was used to 

design and optimize the conventional series-fed two-dipole 

endfire antenna. The optimized design parameters were W = 30 

mm, Lg = 10 mm, Wf = 1.8 mm, Ld1 = 25 mm, Ld2 = 19 mm, 

Sd1 = 13 mm, Sd2 = 17 mm, Wd = 0.5 mm, Wr = 0.5 mm, Wq = 

0.3 mm, Lq = 6 mm, L = 41 mm, and S = 1 mm.  
Fig. 2 shows the antenna structure that satisfies the endfire 

condition with reduced spacing; it comprises a meander parallel 

stripline, two dipoles, and a ground plane. The spacing between 

the dipoles and that between the dipoles and the ground plane 

are the same. In a conventional two-dipole antenna, they are 

connected with a straight transmission line. When the spacing 

is changed, the length of the transmission line changes; thus, 

the phase difference also changes. Therefore, the antenna gain is 

reduced at around the center frequency. To reduce the spacing 

Sd and to overcome the gain reduction due to the phase difference 

change, a meander transmission line was used instead of a 

straight transmission line to connect the radiating elements and 

the radiating element to the ground plane. The gain in the 

vicinity of the center frequency was maximized by adjusting the 

length of the meander line, Lpd, on the basis of interdipole 

spacing. Fig. 3 shows the characteristics of the antenna for 

different interdipole spacings. The interdipole spacing Sd was 

simulated to have values between 3 mm and 12 mm. Fig. 3(a) 

shows the variation of the reflection coefficient with the fre-

quency for different dipole spacings. The antenna showed good 

impedance bandwidth characteristics. However, for Sd = 3 mm, 

the distance between the meander transmission lines was too 

narrow, and the characteristic impedance of the transmission 
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Fig. 1. Conventional two-element dipole antenna: (a) front view and 

(b) side view. 
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Fig. 2. Spacing reduced printed two-dipole antenna: (a) front view 

and (b) side view. 
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Fig. 3. Effect of the dipole spacing Sd: (a) reflection coefficient and 

(b) gain.
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line was changed, which considerably reduced the impedance 

bandwidth. Fig. 3(b) shows the gain characteristics of the antenna; 

the gain around the center frequency was apparently similar, 

even if the spacing was decreased. The antenna characteristics 

for different dipole spacings are presented in Table 1. The 

minimum dipole spacing at which the antenna’s performance 

was maintained was 4.5 mm. The overall electrical length of the 

antenna with reduced spacing was 0.33λo, which was about 

48.5% of the overall length of the conventional antenna. The 

impedance bandwidth of the reduced-spacing antenna was 

4.53–5.76 GHz, and the gain was 6.2 dBi at the center frequency. 

The design parameters of the optimized antenna obtained using 

the HFSS were W = 30 mm, Lg = 10 mm, Wf = 1.8 mm, Ld1 = 

25 mm, Ld2 = 19 mm, Sd = 4.5 mm, Lpd = 5 mm, Wd = 0.5 mm, 

Wr = 0.5 mm, Wq = 0.5 mm, Lq = 6 mm, L = 20 mm, and S = 

1 mm.  

Fig. 4 shows a reduced-spacing antenna with a bent dipole as 

the radiation element. Owing to the length of the bent portion, 

Lb, the electric length of the dipole increased, which resulted in a 

lower center frequency. A parametric study was performed 

according to the Lb change. Fig. 5 shows the variation in the 

antenna characteristics with Lb. As Lb increased, the resonant 

frequency of the antenna decreased, as expected, and the fre-

quency of the peak gain also decreased.  

 
(a) 

 
(b) 

Fig. 5. Effect of bent length Lb: (a) reflection coefficient and (b) gain. 

 

Fig. 6 shows an antenna structure with a corrugated ground 

plane. The conventional truncated ground plane serves as a 

reflector, and the ground plane width W strongly affects the 

antenna’s performance. When the width of the ground plane de-

creases, the front-to-back ratio and gain of the antenna decrease.  

A corrugated ground plane acts as a magnetic ground, and the 

size of the ground plane significantly decreases with a slight 

reduction in gain [32]. Corrugation lengthens the edge of the 

ground plane because the current is concentrated at the edge of 

the conductor. Therefore, a small corrugated ground plane can 
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Fig. 6. Spacing reduced antenna with corrugated ground plane: (a) 

front view and (b) side view. 

Table 1. Characteristics of two-element dipole antennas with differ-

ent spacing 

 
Conven-

tional 

Sd =  

12 mm 

Sd =  

9 mm 

Sd =  

6 mm 

Sd =  

3 mm

–10 dB IBW  

(GHz) 

4.48–5.56 

(21.6%) 

4.50–5.81 

(26.2%) 

4.42–5.68 

(25.2%) 

4.45–5.72 

(25.4%) 

4.74–5.61

(17.4%)

Gain at 5 GHz  

(dBi) 

5.9 5.8 6.0 6.2 5.9 

Antenna length 

(λo) 

0.68 0.58 0.48 0.38 0.28 

IBW = impedance bandwidth. 
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Fig. 4. Spacing reduced antenna with bent dipoles: (a) front view 

and (b) side view. 
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perform the same role as a relatively large non-corrugated 

ground plane. Fig. 7 shows the antenna characteristics at differ-

ent corrugation depths of a fixed-size ground plane. When the 

corrugation depth was 3 mm, the impedance bandwidth was 

maximum, and the center frequency apparently decreased. As 

shown in Fig. 7(b), the antenna gain decreased as the corrugation 

depth increased. However, as shown in Fig. 7(c), no significant 

difference in antenna efficiency was observed within the im-

pedance bandwidth. Fig. 8 shows the surface current distribution 

of the antenna at 5 GHz without corrugation and the antenna 

with a 3-mm corrugation depth. Given that the antenna with-

out corrugation was close to the meander line and to the ground 

plane, a large amount of current was distributed at the edge of 

the ground plane. In contrast, the antenna with corrugation dis-

tributed a relatively small amount of current at the edge of the 

ground plane due to the effect of corrugation. Most of the current 

in an antenna with corrugation is concentrated in the dipole and 

the transmission line, thereby widening the antenna beamwidth 

and reducing gain. 

III. SIMULATION AND MEASUREMENT 

Section II shows the antenna structure used to reduce dipole 

spacing, dipole width, and ground plane width. By combining 

these three structures, we designed a small two-dipole endfire 

antenna in which the interdipole spacing, dipole length, and 

ground plane width were reduced.  

Fig. 9 shows the proposed antenna structure. The antenna 

size was 0.33𝜆  × 0.33𝜆  × 0.014𝜆 , which was 32% of the size 

of a conventional series-fed two-dipole antenna. The optimized 

design parameters of the antenna obtained using the HFSS 

were W = 20 mm, Lg = 10 mm, Wf = 1.8 mm, Ld1 = 18 mm, 

Ld2 = 13 mm, Sd = 4.5 mm, Lpd = 5 mm, Wd = 0.5 mm, Wr = 

0.5 mm, Wq = 0.5 mm, Lq = 6 mm, Lb = 3.5 mm, Wcor = 0.5 mm, 

Lcor = 3 mm, dcor = 0.5 mm, L = 20 mm, and S = 1 mm.  

Fig. 10 shows a comparison between the optimized reduced-

size antenna and the conventional antenna. The impedance band- 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. Effect of corrugation depth Lcor: (a) reflection coefficient, (b) 

gain, and (c) radiation efficiency.

 
(a) 

 
(b) 

Fig. 8. Surface current distributions at 5 GHz: (a) without corrugation 

and (b) with corrugation of Lcor = 3 mm. 



WANG et al.: REDUCED-SIZE SERIES-FED TWO-DIPOLE ENDFIRE ANTENNA 

567 

  
 

width of the proposed antenna structure was 4.47–5.68 GHz, 

which was wider than that of the conventional antenna (4.48–

5.56 GHz) by 0.13 GHz. The gain at the center frequency was 

6.0 dBi, which was almost similar to that of the conventional 

antenna (5.9 dBi).  
Fig. 11 shows the fabricated antenna. A Rohde & Schwarz 

ZVA67 vector network analyzer was used for reflection coeffi-

cient measurement, and an MTG anechoic chamber was used 

for radiation pattern measurement. Fig. 12 shows the simulated 

and measured reflection coefficients and gains. Fig. 12(a) shows 

the reflection coefficient. The measured –10 dB impedance 

bandwidth was 4.47–5.72 GHz, almost identical to the imped-

ance bandwidth in the simulation. Fig. 12(b) shows the gain. 

The gain measured at 5 GHz was 5.9 dBi, which was almost 

identical to that in the simulation. Fig. 13 shows the normalized 

radiation pattern of the antenna at 5 GHz. The simulated and 

measured values of the half-power beamwidth in the xz-plane 

were 80° and 94°, respectively, and those in the yz-plane were 
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Fig. 9. Proposed two-element dipole antenna. 

 

 
(a) 

 
(b) 

Fig. 10. Comparison of conventional and proposed antenna: (a) 

reflection coefficient and (b) gain. 

 

 
Fig. 11. Photograph of the fabricated antenna. 

 
 

 
(a) 

 
(b) 

Fig. 12. Simulation and measurement of the proposed antenna: (a) 

reflection coefficient and (b) gain. 
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139° and 122°, respectively. The measured value of the x-pol 

level was slightly larger than the simulated value, but the x-pol 

level was lower than –20 dB. The measured co-pol level and 

radiation pattern were similar to those in the simulation.  

The characteristics of the proposed antenna and the existing 

endfire antennas with two radiation elements were compared. 

An endfire antenna using two dipoles of the same size is pre-

sented in [8]. Given that the antenna has a large ground plane 

and that both dipoles operate near the center frequency, the 

gain is relatively high at 7 dBi. However, the bandwidth of the 

antenna was only 5.0%. An antenna with an integrated balun 

that connects two dipoles of different sizes using a coplanar strip 

transmission line is given in [11]. The antenna had a wide 

bandwidth of 49.7% due to the integrated balun. However, the 

gain was 6.0 dBi, which is low in relation to the size of the 

antenna. A quasi-Yagi antenna using a folded dipole antenna 

and a director is presented in [12]. This antenna has a gain of 

5.5 dBi and an impedance bandwidth of 12.3%. Although its 

structure is simple, reducing the space between the director and 

the driven element is difficult. The size of the proposed antenna 

is only 0.33𝜆  × 0.33𝜆 , the impedance bandwidth is 24.5%, 

and the gain at the center frequency is 5.9 dBi. The proposed 

antenna displayed excellent characteristics compared to existing 

antennas, as summarized in Table 2. 

Table 2. Comparison of existing two-element antennas and proposed 

antennas 

 
–10 dB IBW 

(GHz) 

Gaina) 

(dBi) 
Antenna size

Wang and Park [8] 27.50–28.90 

(5.0%) 

7.0 0.93𝜆  × 1.68𝜆
Yeo and Lee [11] 1.68–2.79 

(49.7%) 

6.0 0.60𝜆  × 0.90𝜆
Hwang et al. [12] 26.30–29.75 

(12.3%) 

5.5 0.47𝜆  × 0.47𝜆
Proposed 4.47–5.72 

(24.5%) 

5.9 0.33𝜆  × 0.33𝜆
IBW=impedance bandwidth. 
a)Gain at center frequency. 
 

IV. CONCLUSION 

In this paper, a series-fed two-dipole endfire antenna with 

small size and good characteristics is proposed, comprising a 

meander line, a bent dipole, and a corrugated ground plane. The 

size of the proposed antenna is 0.33𝜆  × 0.33𝜆  × 0.014𝜆 , 

which is about one-third of the size of a conventional two-

dipole endfire antenna. The impedance bandwidth and gain at 

5 GHz are 4.47–5.72 GHz and 5.9 dBi, respectively, which are 

almost identical to those of the conventional two-dipole endfire 

antenna. Owing to its good characteristics, the proposed antenna 

can be useful in applications that require antennas with a small 

size, high gain, and wide bandwidth. 
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