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      Abstract— The main objective of this paper is to 

improve the performance of the micro-strip Yagi antenna 

arrays of a millimeter-wave at 60 GHz, which were fed by 

the microstrip-to-slotline transition and work as a transition 

between two sides of the antenna. The Y-junction power 

divider has been used to feed line two-elements micro-strip 

Yagi  array. The proposed antennas used a corrugated 

ground plane as a reflector to enhance the gain and 

bandwidth. A reduced-size 60-GHz antenna is designed for 

operation across (Industrial, Scientific, and Medical ) band, 

and 60GHz is considered to be a key technology in the fifth-

generation (5G) indoor wireless applications. The single 

antenna four-element micro-strip Yagi antenna yielded an 

impedance bandwidth of 57.5  to 66GHz for return loss less 

than -10 dB and a gain of 15dB. 
. 

 

Keywords— microstrip-to-slotline transition, Y-junction 
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I . INTRODUCTION 

 

      Wide applications of communication systems have 

increased the need for new antenna designs. From a global 

perspective, 4G rapid development has become a reality, 

where the fourth generation (4G) communication systems 

are widely used in these years. However, with the 

increasing data demands, there is still a gap between the 

users’ requirements and what can be offered now. In order 

to meet the users’ growth demands and to achieve a data 

transmission speed, and we can resort to using a band 60-

GHz, which can be used in short-range communications. 

The 60-GHz frequency band has been allocated is the huge 

unlicensed bandwidth of 9 GHz all over the world [1],[12].  

Consider millimeter-wave wireless communication is an 

enabling technology that has myriad applications to 

existing and emerging wireless networking deployments. 

New 60 GHz wireless products are interesting, not only 

because of their ability to satisfy consumer demand for 

high-speed wireless access but also because 60 GHz 

products may be deployed worldwide [1],[6],[7]. 

  

      The micro-strip Yagi antennas have attracted much 

attention owing to their advantages such as lightweight, 

low cost, and ease of fabrication and installation, etc. 

Micro-strip Yagi antenna has been widely used to obtain 

unidirectional radiation, wide-band, and high gain, It is 

important to achieve high gains to overcome the 

attenuation problem. Therefore, we can design micro-strip 

antenna  arrays to be a solution to increase the gain of the 

antenna. This type of antennas find their use in many 

applications such as industrial, medical, radar, imaging, 

and wireless communications. They have also wide 

applications in microwaves and millimeter-wave 

applications. Finally, 60 GHz technology has two major 

advantages namely: the small size of the antenna and the 

transmission higher data-rates in gigabits/sec, whereas 5G 

research is also rapidly expanding and mature. Millimeter-

wave is considered to be a key technology in the fifth-

generation (5G) cellular networks [13]. 

.                                                                

       This paper describes a microstrip-to-slotline transition-

fed micro-strip Yagi antenna arrays designed for 60-GHz 

indoor wireless applications. A corrugated ground plane 

was employed as the reflector, to achieve a high level of 

directivity. The antenna yielded a broad impedance 

matching bandwidth as well as high radiation efficiency 

and high gain [1]. 

II . PROPOSED ANTENNA CONFIGURATION ANTENNA 

 

1. Antenna Design and Simulation Results 

      The geometry of the micro-strip Yagi antenna. The 

antenna was designed to operate at a 60GHz center 

frequency on an 8 mm×22 mm Rogers RT/Duroid 5880 

substrate with a dielectric constant of ( 2.2), a 

thickness of (h = 0.254 mm) and a loss tangent of 0.0009. 
 

      The micro-strip Yagi antenna consists of a microstrip-

to-slotline transition as the feed with an input impedance of 

50 Ω, a truncated ground plane as a reflector, a driven strip, 

and six parasitic strip directors. To achieve a broad 
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bandwidth and high gain. For using (WLANs \ WPANs) 

applications [1],[2]. 

 

       The geometry of the proposed antenna is shown in 

figure (1). The design of the micro-strip Yagi antenna has a 

truncated ground plane as a reflector, driven strip, six 

parasitic strip directors. We will summarize the antenna 

design results as in table 1. 
 

 
 

        (a)Top Side.                                                   (b) Side View.     

 
Figure 1  Structure Design of the Micro-strip Yagi Antenna 

 

       The configuration of the proposed seven-element 

micro-strip Yagi antenna is illustrated in figure.1.The 

antenna was composed of a microstrip-to-slotline transition 

as the feed with an input impedance of 50 Ω, a truncated 

ground plane as a reflector, the driven strip, and six 

parasitic strip directors. A corrugated ground plane was 

employed as a reflector to performance improvement the 

antenna gain of the operating bandwidth, the driven strip as 

a feeder for the antenna and determines the resonant 

frequency. The 6 parasitic strip directors were chosen for 

the antenna in order to achieve gain greater. 

 

       The antenna is fed by a microstrip-to-slotline transition 

specially designed for 60 GHz bands. The micro-stripline 

was designed on the back side of a substrate with an input 

impedance of 50 Ω and slotline was designed on the top 

side of a substrate with a characteristic impedance of 

137.308 Ω. In order to match the impedance between the 

micro-stripline and slotline, a curved micro-stripline and 

circular slot were inserted into the transitions. 
 

 

 

2 .  Microstrip-to-Slotline Transition 
      
       In this configuration, as shown in figure 2, the micro-

strip line is terminated in a curved stub, which is about 

one-quarter wavelength (λgm  ⁄ 4) at the design frequency 

[1],[8]. The slot-line is terminated in a circular stub, which 

is extended about one-quarter of a wavelength (λgs  ⁄ 4) 

beyond the micro-strip line [8],[11]. The use of a quarter-

wavelength micro-strip curved leads to a virtual short-

circuit at the junction. In turn, a quarter-wavelength 

circular slot makes a virtual open-circuit at the junction 

[1],[8],[11]. Generally, these dimensions are not accurate 

but are approximate dimensions [8],[11]. 

      
       The geometry of the microstrip-to-slotline transition. 

Microstrip-to-slotline transition is built on a substrate with 

a thickness of h = 0.254 mm and a relative dielectric 

constant .  

 

 
 
Figure 2 The back-to-back microstrip line-to-slotline transition configuration 

 

      After the initial dimensions are obtained from the 

design of antenna and microstrip-to-slotline transition, a 

commercial, three-dimensional electromagnetic simulation 

program HFSS is used for investigating and evaluating 

performance and obtaining the optimum geometrical 

parameters, as shown in table 1. 

 

       Figure 2 shows the back-to-back transition structure 

and figure 3 plots its simulated S-parameters for slotline 

length ( ). The micro-stripline was designed on the 

back side of the substrate with a characteristic impedance 

of 50 Ω, wmf = 0.8 mm, the slot-line was designed on the 

top side of the substrate with a characteristic impedance of 

137.308 Ω and ws = 0.1 mm. The two impedances were 

matched by inserting a curved micro-stripline and circular 

slot into the transitions. The curved micro-stripline 

comprised a 50 to 100 Ω tapered feedline as a wideband 

transformer and half of a printed ring. The transformer was 

shaped from the wide-line width (Zo = 50 Ω) to the 

narrow-linewidth (Zo = 100 Ω) with a length Lf = 5 mm. 

The half of the printed ring had a line width wm = 0.22 mm 

and rm = 0.5 mm. The circular slot was etched onto the 
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ground plane with a radius rs = 0.3 mm. As shown in 

Figure 3, for of Lslotline = 4 mm, the reflection (S11) and 

transmission (S21) coefficients were < —10 dB and 

approximately —2.75 dB, respectively, at 57 to 66 GHz. 

These made the transition widely suitable for 60 GHz. 

 

 
 

Fig. 3 Simulated  S11 and S21 for the slotline length (L slot) of 4 mm  

3. Rectangle-Shape Corrugated Ground Plane 

        In this configuration, as shown in figure 4, this design 

presents a corrugated ground plane. This design depends on 

three main factors; the slot depth (Lp),  the slot width (ws) 

and the width of the corrugation (wp) of the corrugated 

ground plane. This frequency depends on the depth of the 

slot in the ground plane [1],[9],[10]. The slot depth of 

corrugations must be between λ/4 [9],[10] and the λ/2 

wavelength [1],[3],[5]. The interest in such a structure is 

the suppression of the surface waves [1],[10]. Notably, this 

model has provided the flexibility to control surface current 

waves that flow in the side edges of the substrate 

[1],[2],[14]. 

 

 
 

Figure 4. The Corrugated Ground Plane 

 
      The software used to model and simulate the seven-

element micro-strip Yagi antenna is high-frequency 

structure simulator (HFSS) software. it is a three-

dimensional electromagnetic simulation program was used 

to investigate the characteristics of the proposed antenna 

and evaluate performance. It analyzes 3D of general shapes. 

        

      The design parameters of the optimized antenna were 

chosen in terms of wide impedance bandwidth and high 

gain as illustrated in the table (1). 
 

Table 1: Dimensions of the Seven-element Micro-strip Yagi Antenna. 

Dimensions Value Dimensions Value 

 4mm  0.22mm 

 0.6mm  0.8mm 

 1mm  5mm 

 0.1mm  2.85mm 

 1.65mm  0.95mm 

 0.2mm  0.4mm 

 0.1mm  1.3mm 

 3.65mm  1.67mm 

 0.2mm  2.72mm 

g 0.1mm h 0.254mm 

L 22mm W 8mm 

 

 

4. Simulation of The Effect Ground Plane on Return 

Loss, 2-D Radiation Pattern and 3-D Radiation Pattern 

of the Antenna 
 

 
 

Figure 5  (a)  Return Loss of the Antenna With a Corrugated Ground 

Plane. 
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Figure 5  (b)  Return Loss of the Antenna Without a Corrugated Ground 
Plane. 

 

 
 
       The antenna utilized a corrugated ground plane to 

enhance the bandwidth and improve the gain of the 

operating bandwidth. this can be observed in figures 5. and 

6, which shows a comparison of antenna characteristics 

with conventional and corrugated ground plane. The 

bandwidth was extended in the low-frequency and in the 

high-frequency region with the corrugated ground plane, as 

shown in figures 5 (a). The antenna yielded an impedance 

bandwidth of 51.9 to 66.6 GHz with 24. 5%, for | S11|<—

10 dB and a gain of >13.277 dBi at 60-GHz as shown in 

figures 5. (b) and 6 (b) respectively, with the conventional 

ground plane. The corrugated ground plane changed these 

values to a gain of 13.346dBi at 60-GHz and an impedance 

bandwidth of 51.4 to 67 GHz with 26%, as shown in 

figures  6 (a) and 5 (a) respectively. These results indicate 

that antenna gain can be improved in the low frequency of 

the operating bandwidth by using the corrugated ground 

plane. 

 
       We notice three responses at return loss Consisting of 

seven-element micro-strip Yagi antenna  and they are  58.5, 

64.5 and 69.8GHz respectively, and compare it to the four-

element micro-strip Yagi antenna. Which has only one 

response is at 60GHz [1]. However, when the number of 

elements increased to five-element, it resulted in another 

response at 67.8GHz. In addition to the first response at 

60GHz, In other words, when the number of antenna 

elements (five elements) is the number of responses is two 

(59, 67.8GHz), This results in decreased response at 

67.8GHz (RL = -33dB) as shown in figures 7. But when   

adding the seventh element, it produces three responses  

58.5, 64.5 and 69.8GHz. The appearance of these responses 

is due to an increase in the number of antenna elements. 

But these responses fall within the frequency range 

(60GHz), which runs from (57 to 66GHz). Except for 67.8 

GHz which falls outside of this frequency range and is 

close to the frequency range E - band, that is within the 

frequency range (70 - 80GHz) 

 

 
 

Figure 7 Return Loss of Six-element Micro-strip Yagi Antenna 

 

 
 
      As shown in figure 8, the radiation patterns of the 

antennas were stable, with a symmetric profile In both 

conventional and corrugated ground planes, the elevation 

pattern for φ = 0 and φ = 90 degrees would be important. 

The gain of the antenna at 60 GHz for φ = 0 and φ = 90 

degrees. 

III . TWO-ELEMENT MICROSTRIP YAGI  ARRAY  

 

       We resort to improve the performance of the radiation 

characteristics of the micro-strip Yagi antenna. By used 

micro-strip Yagi antenna arrays. 

1. Mutual Coupling in Arrays  

      Two-elements micro-strip Yagi antennas array are 

arranged in a linear array configuration, as shown in figure. 

9 (a). Microstrip-to-slotline transition are used to feeding a 

two-element linear array. A center-to-center spacing dx is 

defined between two-element antennas. Optimization on 

the value of dx has been performed by using Ansoft’s 

HFSS. It was found that by bringing the single-element 

antennas too close to each (dx < 3.8mm), the inter-coupling 

becomes too strong and the array gain decreases. If (dx > 
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4.25mm), side-lobe levels in the array E-plane become too 

high. Consequently, the optimum value dx = 4.02mm 

(0.804 ) was chosen to maximize the array gain and 

minimize the side-lobe level. 

  

 
 

(a) Two-element Linear  Array 

 
        The mutual coupling between two-element micro-strip 

Yagi antenna with a center-to-center spacing of 4.02 mm 

(0.804 λ0 at 60 GHz), which was chosen based on a 

compromise between the mutual coupling becomes too 

strong in an array or high levels of side lobes in an array. 

Figure 9 (b) shows the simulated S-parameters of an array. 

The mutual coupling (|S21|) was less than —17 dB, while 

the reflection efficiencies at port 1 (|S11|) and port 2 (|S22|) 

were less than —10 dB in the 51 to 69 GHz range. Here, 

the mutual coupling was determined by the transmission 

coefficient (S21) between ports 1 and 2 of the array. The 

proposed antenna worked well as an array with a small 

coupling effect between the adjacent elements. 

 

 
 

(b) S-parameters 

 

Figure 9  Micro-strip Yagi Array its S-parameters 

 

2. Feeding network 

       

       The Y-junctions are used to feeding two-element linear 

array, and the two-way power splitter was designed and 

optimized to equally distribute power to each antenna at 

60GHz. The Y-junction power divider was designed to 

have an input impedance of 50 Ω. It has a characteristic 

impedance (Zo) of 100 Ω at the two output ports as shown 

in figure 10 (a) [1],[4]. Figure. 10 (b)  show the S 

parameters of the power divider yielded a reflection 

coefficient (|S11|) of less than —22 dB at port 1 and 

transmission coefficients (|S21| or | S31|) from port 1 to port 

2 (or port 3) approximately 4 dB from 57 GHz to 66 GHz.  

These results indicate that these power divider can be 

widely applied to the 60-GHz bands with an insignificant 

loss. 

 

 
 

Figure 10 (a) Power Divider its S-parameters. 

 

 
  

Figure 10 (b) Power Divider its S-parameters. 

 

3. Design Specifications 
       A two-element array was designed consisting of 60-

GHz micro-strip Yagi antennas with a center-to-center 

spacing of 4.02mm (0.804 λ0 at 60 GHz) between adjacent 

antenna elements, as shown in figure. 11. The array was 

built on both sides of a 12.14 mm×22 mm Rogers 
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RT/Duroid 5880 substrate and used Y-junction power 

divider for the feeding two-element linear array. 

 

 
 

Figure 11 Top View of the Designed Two-element Micro-strip Yagi Linear 
Array. 

 
        The software used to model and simulate the two-

element micro-strip Yagi array is high-frequency structure 

simulator (HFSS) software. it is a three-dimensional 

electromagnetic simulation program was used to 

investigate the characteristics of the proposed antenna and 

evaluate performance.  

         

       The design parameters of the optimized antenna were 

chosen   in terms of wide impedance bandwidth and high 

gain as illustrated in the table (2). 
 
Table 2: Dimensions of the Two-element Micro-strip Yagi Antenna. 

Dimensions Value Dimensions Value 

 
4.5mm 

 
0.22mm 

 0.6mm 
 

0.8mm 

 
1mm h 0.254mm 

 0.1mm  1.55mm 

 
1.8mm  0.95mm 

 
0.2mm  0.4mm 

 
0.1mm 

 
1.3mm 

 3.65mm  1.68mm 

 
0.2mm 

 
2.12mm 

= 

 

 

1.2mm   

   
4. Simulation results of Return Loss, 2-D Radiation 

Pattern and 3-D Radiation Pattern of The Antenna 

 

 
Figure 12  Return Loss of  Two-element Micro-strip Yagi Linear Array. 

 
       The simulation results of the two-element micro-strip 

Yagi array are shown in figures. 12 and 13, including 

return loss | S11|, 3D radiation pattern for the antenna gain, 

and 2-D radiation pattern, respectively. The proposed 

design has broad impedance matching bandwidths, which 

yielded an impedance bandwidth of 57.5 to 66GHz with 

14.17%, for | S11|<—10 dB and a gain of >15.046 dBi at 

60-GHz as shown in figure. 12 and 13 respectively, while 

the single-element yielded a  bandwidth of  51.4 to 

66.8GHz with 25.67%, for | S11|<—10 dB and a gain of 

>13.346 dBi at 60-GHz. These advantages   make the 

proposed antennas good candidates for 60-GHz wireless 

communication systems. 

 

      As shown in fig. 13 (b), the radiation patterns of the 

antennas were stable, with a symmetric profile, the 

elevation pattern for φ = 0 and φ = 90 degrees would be 

important. The gain of the antenna at 60 GHz for φ = 0 and 

φ = 90 degrees 
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453. CONCLUSIONS 

 
       The calculation and Simulation results showed an 

antenna impedance bandwidth with a return loss less than -

10 dB over ISM band (57.5GHz to 66GHz)  for the antenna. 

This design-led to enhancing the radiation pattern with a 

directive gain of 15.046 dB at 61 GHz. In addition, the 

mutual coupling has been reduced by the transmission 

coefficient (S21) between ports 1 and 2 of the array. The 

proposed antenna worked well as arrays with a small 

coupling effect between the adjacent antennas. The antenna 

arrays were fed by a Y-junction power divider specially 

designed for 60 GHz bands. 
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