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Abstract —The design of multiband antennas is useful for 

providing multiple resonance frequencies required for multiple 

application scenarios. However, there is a scarcity of compact-

sized antennas in the 70-110 GHz band. In this regard, this 

paper proposes two multiband millimeter wave antennas in the 

W and D bands. A small-sized antenna operating at five 

different frequencies (penta band) with an overall dimension of 

4.8 × 5.4 mm2 and resonances at 35.84 GHz, 46.07 GHz, 56.74 

GHz, 81.6 GHz, and 110.09 GHz is proposed first. The second 

one is an array antenna from the first antenna with a size of 11.1 

by 6.4 mm2 and resonances at 28.03 GHz, 36.5 GHz, 53.11 

GHz, 65.98 GHz, 77.64 GHz, 89.3 GHz, 100.52 GHz, 111.74 

GHz, and 122.19 GHz. Computer Simulation Technology (CST) 

Microwave Studio tool is used for antenna design purposes. At 

the two larger frequencies of 81.6 GHz and 110.09 GHz of the 

first antenna, (the BW, the directivity, the gain, and radiation 

efficiency) are (3.3 GHz, 6.486 dBi, 6.22 dB, and 94.06%), and 

(10.01 GHz, 8.797 dBi, 8.506 dB, and 93.52%), respectively. At 

77.64 GHz, and 111.74 GHz of the array antenna, (the BW, the 

directivity, the gain, and radiation efficiency) are (3.73 GHz, 

12.35 dBi, 10.68 dB, and 67.9%), (4.4 GHz, 15.31 dBi, 14.07 

dB, and 75.23%), respectively. The advantage of the proposed 

antennas over the currently available 80 GHz and 110 GHz 

antennas is that they are compact in size while maintaining high 

bandwidth and gain. Hence, the proposed antennas have 

potential applications in satellite communications, the Internet 

of things, compact biomedical devices, and interferometry 

radars. 

Index Terms—Array antenna, millimeter wave, resonance, W-

Band, D-Band, bandwidth 
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small distance point-to-point wireless communication. It 

is time to gradually shift towards the higher millimetre 

wave carrier frequencies [2]. The W band is a portion of 

the mm-wave that starts from 75 GHz and ends at 110 

GHz [1]-[4]. The frequencies which are above the W 

band are termed as D band starting from 110 GHz to 170 

GHz which is also part of the Terahertz region (0.1 THz 

to 10 THz) [5]-[8]. The W band opens up a new brunch 

of application areas such as high-speed data 

communications both video and audio, radar 

communication, detecting weapons as well as biomedical 

imaging applications. Millimeter-wave has the advantage 

of reflection and refraction so it can penetrate through 

buildings, trees, mountains, etc., thus signals can be 

transmitted easily for dozens of kilometers [3].  

Terahertz (THz) region is a comparatively new section 

of electromagnetic (em) band, but it created a lot of 

interest among scholars because of its vast application 

areas. This terahertz band is suitable in many sectors, for 

example, satellite and radar communications, biomedical 

applications, astronomy, encryption and so on [9]. In the 

THz region, there is a high requirement for an effective 

antenna that will be a low loss, large bandwidth and 

smaller in dimension. In the THz region, the expectation 

is high-capacity wireless communication with wide 

bandwidth [9]-[10]. The W band has several exciting 

commercial applications like automotive radar at 77 GHz 

[3]-[4]. Outdoor 10 Gbps networks at 71-76 GHz and 81-

86 GHz, both this range is also allocated to satellite 

services [3], also medical and security imaging and 

military applications at 94 GHz [11]-[14]. In space 

applications and at high altitude communications, W 

band delivers high data rate throughput [3]. 

In the D band for high operating frequencies, there are 

small wavelengths and large bandwidths available. Due 

to these reasons, radars offer both small form factors and 

compact realization and high-resolution range sensing [5]. 

This band is used in imaging systems for plasma 

diagnostics [6], and the detection of hidden weapons or 

plastic explosive packages. It also can be used for 

applications like remote atmospheric sensing and space 

research [15]. 

In the literature [16]-[24], there are not many antennas 

reported in both W and D bands. However, various 

countries use various frequency bands for a similar type 

of wireless communications. On the other hand, multiple 
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I. INTRODUCTION

The millimetre-wave band (mm-wave) (30 to 300) 

GHz is an interesting subject for researchers due to its 

exceptional transmission capability through 

environmental obstacles [1]. The ever-increasing demand 

for high-speed point-to-point wireless communication has 

reached a new high. It is time to improve the current

communication system’s speed because at lower carrier 

frequencies bandwidth became very congested. As a 

result, it is a very challenging task to modulate the signal 

at lower frequency bands with higher-order modulation

techniques. Eying at the requirement of the future 

networks, larger communication bandwidth is a 

prerequisite in both outdoor long-distance and indoor 
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frequencies for multiple applications are used inside a 

country. So, the design of an antenna having multiple 

resonance frequencies is suitable for numerous 

applications [16]. A very limited number of research 

papers are found in W band and D band antenna design 

[1]-[5], [14]-[20], [25]-[27]. Of the reported antennas, 

few are complicated in design, most of them are either 

single band or array antennas with a larger size. The 

author in [1] reported a small size antenna with a central 

frequency of 94 GHz with three different substrates 

resulting in three different bandwidths and gain: (8 GHz, 

2 GHz, 12 GHz) and (8.56dB, 1.99dB, and 6.32dB) 

respectively. The work in [3] reports a dual-band antenna 

at (85 and 94) GHz with a gain of 8.28 dB and 8.89 dB 

and bandwidth of 7.25 GHz and 1.7 GHz. Another single 

band antenna with a frequency at 94 GHz is reported in [4] 

with a bandwidth around 7 GHz and a gain of 23 dBi. 

The author in [14] reported an antenna having 

frequencies at (83 and 94) GHz with a bandwidth of 5.45 

GHz and 3.2 GHz respectively and a gain of 8.4 dBi and 

8.9 dBi respectively. The author in [17] reported an 

antenna at a frequency of 85.5 GHz which enables 1.7-

km wireless delivery with a data rate of 20-Gb/s. A dual-

band antenna with high gain is reported in a study [6]. 

The maximum gain is 49.6 dB at a frequency of 94.05 

GHz and 44.1 dB at a frequency of 35.5 GHz. A tri-band 

antenna is reported in [19] with frequencies at 86 GHz, 

97 GHz, and 104 GHz. The gain on these frequencies is 

more than 10 dBi. The author of [20] reported an antenna 

with a frequency of 94 GHz having a bandwidth of 34.3 

GHz and a gain of 16.7 dB.   

The author in [5] reported an antenna at the D band 

with a frequency of 160 GHz having a BW of 10 GHz 

and a gain of 7 dBi with 60 % efficiency. A multilayer 

layer 6x6 Mushroom Electromagnetic Bandgap (MEBG) 

antenna with a frequency of 122GHz is reported in [7]. 

Another antenna at a frequency of 122 GHz is reported in 

[8] with a bandwidth of 7.6 GHz and a gain of 6.9 dBi. 

The author of [20] reported an antenna with a frequency 

at 140 GHz and a 36 % BW of 50.3 GHz with a range 

from 115.3-165.6 GHz with a gain of 7.4 dBi. The author  

in [25] reports a single element antenna and an array 

antenna both with a frequency at 143 GHz with a BW of 

20 GHz, both the antennas having a gain of 7 dBi and 14 

dBi, respectively. A grid array antenna at a frequency of 

146 GHz is reported in [26]. The antenna has a BW of 21 

GHz and a gain of 14.5 dBi. The author of [27] reported 

an antenna with a gain of 4.7 dBi, BW of 14 GHz, and 

radiation efficiency of 43% at a frequency of 130 GHz.  

Two small-sized multiband antennas in the W band 

and D band are proposed in this work. The objectives of 

this research work are summarized here. A low 

dimension penta band mm-wave antenna with operating 

frequencies around 80 GHz and 110 GHz at the W band 

is proposed. Then a multiband array antenna is designed 

based on the proposed single element antenna in the W 

and D bands. Furthermore, the antenna's overall 

performances are investigated based on return loss (S- 

parameter), bandwidth, radiation patterns, gain, and 

efficiency [28]-[31].  

The remaining parts of this research work are 

organized as follows. The design procedure in Computer 

Simulation Technology (Microwave studio) is discussed 

in Section II. Simulation results of both antennas are 

presented in Section III. A comparative study of the 

antennas is provided in Section IV. Finally, in Section V, 

concluding remarks and the future scope are presented. 

II. DESIGN OF TWO ANTENNAS AT MM BAND 

The design procedure of both the proposed antennas is 

described in this section. To simulate and optimize the 

proposed antennas Computer Simulation Technology 

(CST) Microwave Studio tool is used. The design 

reported in [16] is modified to design the first antenna. In 

this antenna design FR4 (lossy) substrate with dielectric 

constant r =4.3, and dielectric loss, tan = 0.025 is used. 

The substrate thickness is h = 1.6 mm and the thickness 

of copper metal is t = 0.1 mm. The description of the 

detailed design procedure is in the next section.  

A. Single Antenna Design 

The plan view and perspective 3-D view of the antenna 

are mentioned in Fig. 1. The performance of the designed 

antenna is optimized at five distinct frequencies at 

1,1rf =35.84 GHz, 1,2rf =46.07 GHz, 1,3rf =56.74 GHz, 

1,4rf =81.6 GHz, and 1,5rf  =110.09 GHz. The different 

yellow-coloured arms of the individual F patterns of the 

proposed antenna control the overall radiation.  

TABLE I: DIMENSIONS OF SINGLE ANTENNA 

Antenna  parameters Length in mm 

subW  4.8 

subL  5.4 

1W  2.0 

1L  2.0 

W  0.6 

L  0.4 

2L  0.95 

3L  0.8 

2W  1.7 

3W  1.5 

4W  1.9 

5W  2.1 

6W  2.1 

4L  0.45 

1G  0.1 

2G  0.1 

a b=  1.0 
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Different arm length of the antenna is adjusted using 

the CST optimization tool to enhance the overall 

performance of the antenna. The penta band antenna’s 

optimized parameters are presented in Table I.  

The volume of the antenna is 4.8×5.4×1.8 mm3. From 

the Fig. 1 3-D view, it is seen that the antenna has three 

layers. Two metal layers and one dielectric layer. The 

metal layer is marked by yellow colour and the dielectric 

layer is marked by sky blue colour. In the plan view, it is 

seen that there are two identical square shape elements 

with a length 1L  = 2mm and width 1W  = 2mm at the 

bottom. Those two squares are separated by W =0.6 mm. 

The 10 dB impedance bandwidth and overall bandwidth 

are controlled by this W . Inside of those two square 

portions are cut by two square-shaped slots with a length 

of  a b=  = 1mm.  The gap  on  either  side  of W  is very  

small. Those two gaps are 1G  = 0.1 mm and 2G  = 0.1mm 

respectively. Now on the left side, the first F pattern 

consists of arm 2W  =1.7 mm and arm 5W  = 2.1 mm, 

while on the right side the second F pattern is made with 

3W =1.5 mm and 4W = 1.9 mm. To get a higher frequency 

resonance band, the arm 6W =2.1 mm at the top of the 

design is set. By varying the arm length, resonance 

frequency values can be changed. The resonance 

frequencies increase when the value of arm 5W  and 6W  

decreases but after a specific value, the number of 

resonance bands decreases from five to four. Using 

fringing field effect and size optimization techniques 

available in the CST, the designed antenna size is reduced 

than the antenna reported in [18], [19]. After the 

optimization is done in CST, the desired performance of 

the antenna is achieved.  

 

Fig. 1. (a) for 2-D and (b) for 3 D view of the multiband millimetre wave single antenna. 

B. Array Antenna Design 

TABLE II: DIMENSIONS OF ARRAY ANTENNA 

Antenna  parameters Length in mm 

2subW  11.1 

2subL  6.4 

1 1W L=  2.0 

W  0.6 

L  0.4 

2L  0.95 

3L  0.8 

2W  1.7 

3W  1.5 

4W  1.9 

5 6W W=  2.1 

7W  5.7 

4L  0.45 

5L  0.2 

1 2G G=  0.1 

PG  1.5 

a b=  1.0 

The array is designed from a single antenna to get high 

gain and directivity. In this antenna design FR4 (lossy) 

substrate with dielectric constant, r = 4.3, and dielectric 

loss, tan = 0.025 is used. The substrate thickness is h = 

1.0 mm and the copper metal thickness is t = 0.1 mm. 

The 2-D plan view and perspective 3-D view of the 

antenna are presented in Fig. 2 and Fig. 3. There are two 

array elements in this array antenna. From the figure, it is 

seen that the W  of both array element is extended by 

length L and those two array element is connected 

by 7W = 6.9 mm. The spacing between two array elements 

is PG =1.5 mm. This gap is maintained keeping in mind to 

avoid mutual coupling and grating lob which is less than 

half of the wavelength. The antenna fed is given at 5L = 

0.2 mm which is connected to 7W . The optimized 

dimensional parameters of the nona-band antenna are 

shown in Table II. The optimized antenna performance is 

evaluated in the resonance frequencies at 2,1rf = 28.03 

GHz, 2,2rf = 36.5 GHz, 2,3rf = 53.11 GHz, 2,4rf = 65.98 

GHz, 2,5rf = 77.64 GHz, 2,6rf = 89.3 GHz, 2,7rf = 100.52 

GHz, 2,8rf = 111.74 GHz and 2,9rf = 122.19 GHz. 
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Fig. 2. 2-D view of the multiband millimetre wave array antenna. 

 

Fig. 3. 3-D view of the multiband millimetre wave array antenna. 

III. SIMULATION RESULTS OF THE ANTENNA 

PERFORMANCE 

This section presents the performance of both the 

antennas simulated using CST. The antenna performance 

is evaluated based on return loss (S- Parameter) and BW, 

radiation patterns, gain, and efficiency. 

A. Simulation Results of the Single Antenna 

The optimized results of the designed antenna using 

waveguide ports are at resonance frequencies at 

1,1rf =35.84 GHz, 1,2rf  =46.07 GHz, 1,3rf = 56.74 GHz, 

1,4rf  =81.6 GHz, and 1,5rf  =110.09 GHz are presented in 

this section. 

1) Return loss (s-parameter) and bandwidth 

The simulated return loss at 1,1rf  is 27.453 dB, at 1,2rf  

is 15.365 dB, at 1,3rf  is 16.858 dB, at 1,4rf is 24.448 dB 

and at 1,5rf is 15.905 dB, which are mentioned in Fig. 4. 

All the return losses are less than -10 dB which indicates 

antenna impedance and the waveguide port impedance is 

considerably matched. Fig. 4 also shows impedance BW 

at these five resonances are 4.84 GHz with a span from 

33.09 GHz to 37.93 GHz, 3.63 GHz with a span from 

43.98 GHz to 47.61 GHz, 2.42 GHz with a span from 

55.42 GHz to 57.84 GHz, 3.3 GHz with a span from 

79.95 GHz to 83.25 GHz, and 10.01 GHz with a span 

from 107.12 GHz to 117.13 GHz, respectively. The % 

BW of the single antenna is 13.5%, 7.87%, 4.26%, 4.04, 

and 9.09% at 1,1rf , 1,2rf , 1,3rf , 1,4rf and 1,5rf , respectively. 

 
Fig. 4. Reflection co-efficient (S11) of the multiband millimetre wave antenna. 

2) Radiation pattern  

Fig. 5 to Fig. 9 show far field E and H-field patterns 

at 1,1rf , 1,2rf , 1,3rf , 1,4rf , and 1,5rf ,  respectively indicating 

magnitude the magnitude of main lobe, half power beam 

width (3 dB) and side lobe magnitude. Fig. 5 shows the 

far field E and H-field patterns at 1,1rf  = 35.84 GHz. At 

this frequency the magnitude and direction of main lobe, 

half power beam width (3 dB) and side lobe magnitude 

are -3.45 dB and 45.00, 250.50, respectively at E- plane. 

Moreover, the magnitude and direction of main lobe, half 

power beam width (3 dB) and side lobe magnitude are 

5.46 dB and 89.00, 89.30, -5.1 dB, respectively at H- 

plane. 
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Fig. 5. E and H-plane radiation patterns for multiband millimetre 

antenna at 1,1rf  = 35.84 GHz. 

Fig. 6 shows the radiation pattern of electric field and 

magnetic field at 1,2rf = 46.07 GHz. At this frequency the 

magnitude and direction of main lobe, half power beam 

width (3 dB) and side lobe magnitude are -2.62 dB and 

25.00, 57.90, -1.2 dB, respectively at E- plane.  Moreover, 

the magnitude and direction of main lobe, half power 

beam width (3 dB) and side lobe magnitude 6.22 dB and 

44.00, 126.60, -1.8 dB, respectively at H- plane. 

 

 

Fig. 6. E and H-plane radiation patterns for multiband millimetre 

antenna at 1,2rf = 46.07 GHz. 

Fig. 7 shows the radiation pattern of electric field and 

magnetic field at 1,3rf  = 56.74 GHz. At this frequency the 

magnitude and direction of main lobe, half power beam 

width (3 dB) and side lobe magnitude are 2.83 dB and 

30.00, 74.70, -7.1 dB, respectively at E- plane. Moreover, 

the magnitude and direction of main lobe, half power 

beam width (3 dB) and side lobe magnitude are 7.49 dB 

and 108.00, 91.90, -5.9 dB, respectively at H- plane. 

 

 
Fig. 7. E and H-plane radiation patterns for multiband millimetre 

antenna at 1,3rf  = 56.74 GHz. 

 

 

Fig. 8. E and H-plane radiation patterns for multiband millimetre 

antenna at 1,4rf = 81.6 GHz. 

Fig. 8 shows the radiation pattern of electric field and 

magnetic field at 1,4rf   = 81.6 GHz. At this frequency the 

magnitude and direction of main lobe, half power beam 

width (3 dB) and side lobe magnitude are 1.95 dB and -
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45.00, 47.90, -1.0 dB respectively at E- plane. Moreover, 

the magnitude and direction of main lobe, half power 

beam width (3 dB) and side lobe magnitude are 6.29 dB, -

48.00, 27.50, -4.5 dB, respectively at H- plane. 

Fig. 9 shows the radiation pattern of the electric field 

and magnetic field at
1,5rf  = 110.09 GHz. At this 

frequency, the magnitude and direction of the main lobe, 

half power beam width (3dB) and side lobe magnitude 

are 3.17 dB and 45.00, 41.50, -2.0 dB, respectively at E- 

plane. Moreover, at the magnitude and direction of the 

main lobe, half-power beam width (3 dB) and side lobe 

magnitude are 4.36 dB and -60.00, 39.00, -1.0 dB, 

respectively at H- plane. 

3) Voltage Standing Wave Ratio (VSWR) 

Simulation results of VSWR are also obtained and 

shown in Fig. 10. The values of VSWR at 
1,1rf =35.84 

GHz, 
1,2rf =46.07 GHz, 1,3rf = 56.74 GHz, 1,4rf  =81.6 

GHz, and 
1,5rf =110.09 GHz are 1.0886, 1.4111, 1.3353, 

1.1275 and 1.3816, respectively. Due to considerable 

impedance matching, the VSWR value is below 1.5. 

 

 

Fig. 9. E and H-plane radiation patterns for multiband millimetre 

antenna at 1,5rf  = 110.09 GHz. 

 

Fig. 10. VSWR curve of the multiband millimetre wave antenna. 

 
Fig. 11. Maximum Gain vs Frequency curve of the multiband millimetre wave antenna. 

4) Gain and directivity  

Fig. 11 shows gains at resonance frequencies 

1,1rf =35.84 GHz, 
1,2rf =46.07 GHz, 1,3rf = 56.74 GHz, 

1,4rf =81.6 GHz, and 1,5rf =110.09 GHz. The gain at 1,1rf  

is 5.5084 dB, at 
1,2rf  is 6.219 dB, at 1,3rf  is 7.4771 dB, at 

1,4rf  is 6.2201 dB and at 1,5rf  is 8.5063 dB and the 

directivity at 1,1rf , 
1,2rf , 1,3rf , 1,4rf  and 1,5rf , are 6.686 dB, 

6.640 dB, 7.793 dB, 6.486dB, and 8.797 dB, respectively. 

 

5) Radiation efficiency   

The ratio of antenna gain to directivity is simply called 

antenna efficiency and it is represented as ƞ = G (dB)-D 

(dB). The efficiency of the antenna are 76.26%, 90.76%, 

92.98%, 94.06%, and 93.52% at 1,1rf ,
1,2rf , 1,3rf , 1,4rf  and 

1,5rf , respectively. The radiation Efficiency of the 

multiband millimetre wave antenna is presented in Fig. 

12. 
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Fig. 12. Radiation Efficiency curve of the multiband millimetre wave antenna. 

 
Fig. 13. Reflection co-efficient (S11) of the multiband millimetre wave array antenna. 

B. Simulation Results of the Array Antenna 

The optimized results of the designed antenna using 

waveguide ports are at resonance frequencies at 

2,1rf =28.03 GHz, 2,2rf =36.5 GHz, 2,3rf = 53.11 

GHz, 2,4rf =65.98 GHz, 2,5rf =77.64 GHz, 2,6rf =89.3 

GHz, 2,7rf = 100.52 GHz, 2,8rf =111.74 GHz and 

2,9rf =122.19 GHz are presented in this section. 

1) Return loss (s-parameter) and bandwidth 

The simulated return loss at 2,1rf is 26.213 dB, at 

2,2rf is 33.136 dB, at 2,3rf is 20.345 dB, at 
2,4r

f  is 18.651 

dB, at 
2,5r

f is 23.05 dB, at 
2,6r

f  is 31.99 dB, at 2,7rf  is 

30.027 dB, at 2,8rf is 25.486 dB and at 2,9rf  is 22.569 dB, 

which are shown in Fig. 13. In this antenna also all the 

return losses are more than 10 dB which indicates 

antenna impedance and the waveguide port impedance is 

considerably matched. For this less amount of power is 

reflected back from the input port of the antenna. Fig. 13 

also shows impedance BW at these nine resonances are 

8.91 GHz with a span from 23.85 GHz to 32.76 GHz, 

8.14 GHz with a span from 34.74 GHz to 42.88 GHz, 4.4 

with a span from 50.69 GHz to 55.09 GHz, 3.63 GHz 

with a span from 64.00 GHz to 67.63 GHz, and 3.73 GHz 

with a span from 75.77 GHz to 79.5 GHz, 3.85 GHz with 

a span from 87.32 GHz to 91.17 GHz, 3.85 GHz with a 

span from 98.54 GHz to 102.39 GHz, 4.4 GHz with a 

span from 109.65 GHz to 114.05 GHz, and 4.51 GHz 

with a span from 119.99 GHz to 124.5 GHz, respectively. 

The %BW of the array antenna are 31.78%, 22.3%, 

8.28%, 5.5%, 4.8%, 4.31%, 3.83%, 3.93%, and 3.69% at 

2,1rf , 2,2rf , 2,3rf , 2,4rf , 2,5rf , 2,6rf , 2,7rf , 2,8rf , and 2,9rf  

respectively 

2) Radiation pattern 

Fig. 14 to Fig. 22 shows far field E and H-field 

patterns at 2,1rf , 2,2rf , 2,3rf , 2,4rf , 2,5rf , 2,6rf , 2,7rf , 

2,8rf , and 2,9rf , respectively indicating the magnitude of 

the main lobe, half power beam width (3 dB) and side 

lobe magnitude. 

 

 
Fig. 14. E and H-plane radiation patterns for multiband millimetre array 

antenna at 2,1rf = 28.03 GHz. 

Fig. 14 shows the radiation pattern of the electric field 

and magnetic field at 2,1rf = 28.03 GHz. At this frequency, 

the magnitude and direction of the main lobe, half power 

beam width (3 dB), and side lobe magnitude are -2.92 dB 

and 174.00, 51.30, -1.0 dB, respectively at E- plane. 
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Moreover, at the magnitude and direction of the main 

lobe, half power beam width (3 dB) and side lobe 

magnitude are 6.03 dB, and 64.00, 74.80, -10.0 dB, 

respectively at H-plane. 

Fig. 15 shows the radiation pattern of the electric field 

and magnetic field at 2,2rf =36.5 GHz. At this frequency, 

the magnitude and direction of the main lobe, half power 

beam width (3 dB) and side lobe magnitude are -1.37 dB 

and 180.00, 35.80, -4.1 dB, respectively at E- plane. 

Moreover, the magnitude and direction of the main lobe, 

half power beam width (3 dB) and side lobe magnitude 

are 7.6 dB and 70.00, 68.50, -10.6 dB, respectively at H- 

plane. 

 

 
Fig. 15. E and H-plane radiation patterns for multiband millimetre 

antenna at 2,2rf = 36.5 GHz. 

Fig. 16 shows the radiation pattern of the electric field 

and magnetic field at 2,3rf = 53.11 GHz. At this 

frequency, the magnitude and direction of the main lobe, 

half power beam width (3 dB) and side lobe magnitude 

are 6.8 dB and 0.00, 26.60, -4.0 dB, respectively at E- 

plane. Moreover, the magnitude and direction of the main 

lobe, half power beam width (3 dB) and side lobe 

magnitude are 9.12 dB and 78.00, 82.90, -2.3 dB 

respectively at H- plane. 

Fig. 17 shows the radiation pattern of the electric field 

and magnetic field at 2,4rf = 65.98 GHz. At this 

frequency, the magnitude and direction of the main lobe, 

half power beam width (3 dB) and side lobe magnitude 

are 3.35 dB and 0.00, 23.30, -1.4 dB, respectively at E- 

plane. Moreover, the magnitude and direction of the main 

lobe, half power beam width (3 dB) and side lobe 

magnitude are 10.2 dB, 85.00, 89.00, -5.3 dB, respectively 

at H- plane. 

Fig. 18 shows the radiation pattern of the electric field 

and magnetic field at 2,5rf = 77.64 GHz. At this 

frequency, the magnitude and direction of the main lobe, 

half power beam width (3 dB) and side lobe magnitude 

are 3.49 dB and 180.00, 18.20, -1.3 dB respectively at E- 

plane. Moreover, the magnitude and direction of the main 

lobe, half power beam width (3 dB) and side lobe 

magnitude are 10.7 dB and 72.00, 79.40, -7.6 dB, 

respectively at H- plane. 

 

 
Fig. 16. E and H-plane radiation patterns for multiband millimetre 

antenna at 2,3rf = 53.11 GHz. 

 

 
Fig. 17. E and H-plane radiation patterns for multiband millimetre 

antenna at 2,4rf  = 65.98 GHz. 

8

Journal of Communications vol. 18, no. 1, January 2023



Fig. 19 shows the radiation pattern of the electric field 

and magnetic field at 2,6rf = 89.3 GHz. At this frequency, 

the magnitude and direction of the main lobe, half power 

beam width (3 dB), and side lobe magnitude are 3.73 dB 

and 180.00, 18.40, -3.8 dB respectively at the E- plane. 

Moreover, the magnitude and direction of the main lobe, 

half power beam width (3 dB) and side lobe magnitude 

are 12.1 dB and 95.00, 62.50, -1.9 dB, respectively at H- 

plane. 

 

 

 
Fig. 18. E and H-plane radiation patterns for multiband millimetre 

antenna at 2,5rf = 77.64 GHz. 

 

 
Fig. 19. E and H-plane radiation patterns for multiband millimetre 

antenna at 2,6rf = 89.3 GHz. 

Fig. 20 shows the radiation pattern of the electric field 

and magnetic field at 2,7rf = 100.52 GHz. At this 

frequency, the magnitude and direction of the main lobe, 

half power beam width (3 dB), and side lobe magnitude 

are 4.69 dB and 180.00, 15.30, -12.1 dB, respectively at 

E- plane. Moreover, the magnitude and direction of the 

main lobe, half power beam width (3 dB), and side lobe 

magnitude are 12.2 dB and 31.00, 17.30, -1.0 dB, 

respectively at H- plane. 

 

 

 
Fig. 20. E and H-plane radiation patterns for multiband millimetre 

antenna at 2,7rf = 100.52 GHz. 

 

 
Fig. 21. E and H-plane radiation patterns for multiband millimetre 

antenna at 2,8rf = 111.74 GHz. 
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Fig. 21 shows the radiation pattern of the electric field 

and magnetic field at 2,8rf = 111.74 GHz. At this 

frequency, the magnitude and direction of the main lobe, 

half power beam width (3 dB) and side lobe magnitude 

are 3.25 dB, 180.00, 14.90, -3.2 dB, respectively at E- 

plane. Moreover, the magnitude and direction of the main 

lobe, half power beam width (3 dB) and side lobe 

magnitude are 14.1 dB, 39.00, 17.40, -1.5 dB, respectively 

at H- plane. 

 

 
Fig. 22. E and H-plane radiation patterns for multiband millimetre 

antenna at 2,9rf = 122.19 GHz. 

Fig. 22 shows the radiation pattern of the electric field 

and   magnetic   field   at   2,9rf = 122.19   GHz.   At   this  

 

 

frequency, the magnitude and direction of the main lobe, 

half power beam width (3 dB) and side lobe magnitude 

are 9.23 dB, 0.00, 11.70, -4.4 dB, respectively at E- plane. 

Moreover, the magnitude and direction of the main lobe, 

half power beam width (3 dB) and side lobe magnitude 

are 14.4 dB, 50.00, 19.70, -1.4 dB, respectively at H- 

plane. 

3) Voltage standing wave ratio (VSWR) 

Simulation results of VSWR are also obtained and 

shown in Fig. 23. The values of VSWR at 2,1rf =28.03 

GHz, 2,2rf =36.5 GHz, 2,3rf = 53.11 GHz, 2,4rf =65.98 

GHz, 2,5rf =77.64 GHz, 2,6rf =89.3 GHz, 2,7rf = 100.52 

GHz, 2,8rf =111.74 GHz and 2,9rf =122.19 GHz are 

1.1016, 1.0451, 1.2126, 1.2645, 1.1514, 1.0516, 1.0651, 

1.1123 and 1.1607, respectively. Due to considerable 

impedance matching, the VSWR value is below 1.5. 

4) Gain and directivity 

Fig. 24 shows gains at resonance frequencies 

2,1rf =28.03 GHz, 2,2rf =36.5 GHz, 2,3rf = 53.11 GHz, 

2,4rf =65.98 GHz, 2,5rf =77.64 GHz, 2,6rf =89.3 GHz, 

2,7rf = 100.52 GHz, 2,8rf  =111.74 GHz and 2,9rf =122.19 

GHz. The gain at 2,1rf  is 6.0259 dB, at 2,2rf  is 7.5952 dB, 

at 2,3rf  is 9.1017 dB, at 2,4rf  is 10.234 dB, at 2,5rf is 

10.669 dB, at 2,6rf is 12.063 dB, at 2,7rf  is 12.117 dB, at 

2,8rf  is 14.073 dB, and at 2,9rf   is 14.395 dB  and the 

directivity at 2,1rf , 2,2rf , 2,3rf , 2,4rf , 2,5rf , 2,6rf , 2,7rf , 

2,8rf , and 2,9rf  are 9.144 dB, 10.57 dB, 10.57 dB, 11.85 

dB, 12.35 dB, 13.72 dB, 13.62 dB, 15.31 dB and 15.58 

dB, respectively. 

 

Fig. 23. VSWR curve of the multiband millimetre wave array antenna. 

 
Fig. 24. Maximum gain vs frequency curve of the multiband millimetre wave array antenna. 
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Fig. 25. Radiation efficiency curve of the multiband millimetre wave array antenna. 

5) Radiation efficiency 

The ratio of antenna gain to directivity is simply called 

antenna efficiency and it is represented as ƞ = G (dB) - D 

(dB). The efficiency are 48.77 %, 50.40%, 71.38%, 

68.97%, 67.9%, 68.25%, 70.81%, 75.23%, and 76.15% at 

frequencies 2,1rf , 2,2rf , 2,3rf , 2,4rf , 2,5rf , 2,6rf , 2,7rf , 

2,8rf , and 2,9rf , respectively. The radiation Efficiency of 

the multiband millimetre wave antenna is shown in Fig. 

25. 

The complete summary of simulation results of the two 

designed antennas is mentioned in Table III. 

IV. COMPARATIVE STUDY OF ANTENNAS 

In this section, the proposed antennas are compared 

with the antennas described in the relevant literature. 

Though both of the proposed antennas have several 

resonance frequencies as targeted to design the antenna at 

a higher frequency, only the frequencies in the W band 

and D band are mentioned. The comparison is done in 

terms of the total size of the antenna, operating frequency, 

bandwidth, and gain which is given in Table IV. The 

proposed single antenna is smaller in size than all the 

existing antennas considered in the literature review, 

except the one reported in [7] which has only one 

frequency in the W and D bands whereas the proposed 

antenna has two. The antennas reported in [3] and [16] 

have multiple frequencies; however, none of them are as 

high as the proposed single antenna having 110 GHz. 

Some studies [7] and [23] reported antennas with 

frequencies of 122 GHz and 146 GHz respectively. 

However, the gain and bandwidth in antenna [7] are not 

mentioned and the antenna reported in [23] is almost four 

times the size of the proposed single antenna. Hence, our 

proposed single antenna is best suited for practical 

applications. The array antenna is proposed for the high 

gain and directivity requirements. It has five operating 

frequencies in the W and D band regions, with the highest 

frequency at 122 GHz. From Table IV, it is clear that the 

proposed array antenna has high gains in almost five 

operating frequencies. 

TABLE III: RESULTS OF THE ANTENNAS  

Antenna 
Size 

(mm2) 

Resonant 

Frequency (GHz) 

S-parameters 

(dB) 
VSWR Gain (dB) 

Directivity 

(dB) 

-10 dB 

Bandwidth 

(GHz) 

Rad. 

fficiency 

(%) 

Single 

Antenna 

4.8 x 

5.4 

1,1rf = 35.84 -27.45 1.088 5.508 6.686 4.84 76.26 

1,2rf  = 46.07 -15.365 1.411 6.219 6.64 3.63 90.76 

1,3rf  = 56.74 -16.858 1.335 7.477 7.793 2.42 92.98 

1,4rf  = 81.6 -24.447 1.127 6.22 6.486 3.3 94.06 

1,5rf = 110.09 -15.904 1.38 8.506 8.797 10.01 93.52 

Array 

Antenna 

11.1 x 

6.4 

2,1rf = 28.03 -26.213 1.101 6.026 9.144 8.91 48.77 

2,2rf = 36.5 -33.136 1.045 7.595 10.57 8.14 50.4 

2,3rf = 53.11 -20.345 1.212 9.102 10.57 4.4 71.38 

2,4rf = 65.98 -18.651 1.264 10.23 11.85 3.63 68.97 

2,5rf = 77.64 -23.05 1.151 10.67 12.35 3.73 67.9 

2,6rf = 89.3 -31.99 1.051 12.06 13.72 3.85 68.25 

2,7rf = 100.52 -30.027 1.065 12.12 13.62 3.85 70.81 

2,8rf = 111.74 -25.486 1.112 14.07 15.31 4.4 75.23 

2,9rf = 122.19 -22.569 1.16 14.39 15.58 4.51 76.15 
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TABLE IV: COMPARISON OF THE SIMULATED ANTENNA RESULTS WITH THE LITERATURE 

Reference 

Antennas 

Size 

(mm2) 

Operating Bands 

(GHz) 

% Bandwidth 

 

Gain 

(dB) 

Ref [3] 40×40 85, 94 8.53, 1.81 8.28, 8.89 

Ref [4] 9×3 94 7.44 23 

Ref [19] 14.44×4.46 86,97,104 - >10 

Ref [20] 13×34.99 94 36.49 16.7 

Ref [7] 7×3.5 122 - - 

Ref [26] 10×10 146 14.38 14.5 

Proposed Single Antenna 4.8 5.4 81.6, 110.09 4.04, 9.09 6.22, 8.5 

Proposed Array Antenna 11.1 6.4 77.64, 89.3, 100.52, 

111.74, 122.19 

4.8, 4.31, 3.83, 3.93, 

3.69 

10.67, 12.06, 12.12, 

14.07, 14.39 

 

V. CONCLUSION 

Two multiband antennas with resonance frequencies in 

the millimetre band are proposed in this paper. The first 

antenna with a small size of 4.8 mm by 5.4 mm has five 

operating frequencies at frequencies 35.84 GHz, 46.07 

GHz, 56.74 GHz, 81.6 GHz and 110.09 GHz. The s-

parameter (S11), bandwidth, VSWR, antenna gain, 

directivity, and radiation efficiency at five resonance 

frequencies are (-27.45 dB, 4.84 GHz, 1.0886, 5.508 dB, 

6.686 dBi, and 76.26%), (-15.365 dB, 3.63 GHz, 1.4111, 

6.219 dB, 6.64 dBi, and 90.76%), (-16.858 dB, 2.42 GHz, 

1.335, 7.477 dB, 7.793 dBi, and 92.98%), (-24.447 dB, 

3.3 GHz, 1.1275, 6.22 dB, 6.486 dBi, and 94.06%), and (-

15.904 dB, 10.01 GHz, 1.3816, 8.506 dB, 8.797 dBi, and 

93.52% ), respectively. The second antenna is an array 

antenna with nine resonance frequencies which is made 

from the first antenna. The dimension of the antenna is 

11.1 mm by 6.4 mm which is larger than the single 

antenna. The highest five resonance frequencies of the 

second antenna are in the W and D bands which are 

77.64GHz, 89.3 GHz, 100.52 GHz, 111.74 GHz, and 

122.19 GHz. The s-parameter (S11), bandwidth, VSWR, 

antenna gain, directivity, and radiation efficiency) at 

those five resonance frequencies are (-23.05 dB, 3.73 

GHz, 1.1514, 10.68 dB, 12.35 dBi, and 67.9%), (-31.99 

dB, 3.85 GHz, 1.0516, 12.06 dB, 13.72 dBi, and 68.25%), 

(-30.027 dB, 3.85 GHz, 1.0651, 12.12 dB, 13.62 dBi, and 

70.81%), (-25.486 dB, 4.4 GHz, 1.1123, 14.07 dB, 15.31 

dBi, and 75.23%), and (-22.569 dB, 4.51 GHz, 1.1607, 

14.39 dB, 15.58 dBi, and 76.15%), respectively.  

Although the single antenna provides higher radiation 

efficiency than the array antenna, the array antenna is 

superior in terms of BW, gain and directivity. When 

antenna size is important, the single antenna can be used. 

For higher gain and directivity, the array antenna can be 

used though it has a slightly larger size than a single 

antenna. However, in comparison with the previous work 

reported in the literature, the array antenna is still 

compact in size. These two proposed antennas can be 

used in multiple applications, including the internet of 

things, imaging technology, biomedical applications, and 

interferometry radars. 
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