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ABSTRACT 

A new improved high gain circularly-polarized antenna for millimeter-wave (MMW) applications is 

introduced in this paper. The proposed antenna consists of a microstrip rectangular patch radiator 

with corner-chopped fed by a rectangular aperture in the ground plane. To increase the antenna gain, 

a hollow rectangular ring dielectric resonator (DR) is installed. The DR and microstrip patch 

radiator together become as a single antenna element with increased gain. Extensive parametric 

studies are performed to address the effect of varying the antenna parameters on the operational 

frequency bandwidth. For further gain enhancement, a hemi-spherical dielectric lens made of high-

dielectric constant is installed above the proposed antenna. Simulated results using Computer 

System Technology Microwave Studio (CST MWS) software programs based on finite integral 

numerical modeling technique (FIT) have been presented. The proposed novel antenna is considered 

a good candidate for circularly-polarized and high gain MMW applications for microwave detection 

and imaging applications.  

1. Introduction 

Millimeter-Wave (MMW) technology is considered as a new emerging technology for the next 
generation of the wireless networks and for short distance data transfer between the electronic 
devices. However, MMW communications at frequencies around 60 GHz suffer from high 
propagation losses due to absorption by oxygen molecules in the atmosphere [1], so high gain is 
considered as one of the most important issue in antenna design for such frequencies. Also, a 
circular polarized (CP) antenna is required to assure high quality transmission or reception in 
order to overcome multi-path, improper line-of-Sight (LOS) between the transmitter and the 
receiver and some phasing issues due to rain or snow in the air. Recently, many researchers are 
working on developing high-gain antennas for various applications using printed circuit 
microstrip technology [2]–[8]. The gain enhancement can be achieved using array principle. In 
that case, the antenna will have big size and complex structure because of using feed network to 
feed the antenna elements. There are some techniques have been presented to enhance the gain 
along with keeping the overall antenna size within acceptable limits. Hybrid antenna has attracted 
many people and is considered a good solution for improving the antenna characteristics. In 
hybrid antennas, multiple antennas are excited together with the same or different modes over the 
same frequency range of operation. 

In this paper, we present a novel high-gain circularly-polarized hybrid antenna for MMW 
detection and imaging applications. The proposed hybrid antenna consists of a microstrip 
rectangular patch with chopped corners and a hollow rectangular ring dielectric resonator (DR) 
radiator are working together as a single antenna element fed by a rectangular aperture in the 
ground plane. Extensive parametric studies to address the effect of varying the antenna 
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parameters on the operational frequency bandwidth are introduced. For further gain and radiation 
characteristics enhancement, a hemi-spherical dielectric lens made of high-dielectric constant, εr = 
10.2, is installed above the proposed antenna. The simulated results using the Computer System 
Technology Microwave Studio ready-made software (CST MWS) [9] are presented and 
discussed. Finally, the conclusions are summarized in the last Section. 

2. Novel high-gain antenna configurations 

Figure 1 shows the geometry of the conventional corner-chopped circularly-polarized patch 
antenna [3]. The corner-chopped patch is printed on a low-permittivity (εr2 = 2.2) grounded 
substrate with thickness h2 = 0.254-mm. The patch is fed by a 50Ω microstrip line on the 
backside of a second dielectric layer with a higher permittivity (εr1 = 10.2) and a thickness h1 = 
0.254-mm. The feeding is achieved through a rectangular aperture (WS x LS) etched in the 
ground plane with a width nearly equals to half-wavelength, i.e. LS = λ/2 of the center 
frequency around 60 GHz.  

The geometry of proposed hybrid patch dielectric resonator (DR) antenna is shown in Figure 
2. For that geometry, the patch feeds a high-permittivity (εr3 = 10.2) hollow rectangular DR 
radiator with thickness h3 = 0.635-mm, exciting a higher order hybrid mode (HEM15δ) which is 
responsible for gain enhancement of the antenna [2]. This mode increases the overall electrical 
size of the antenna and increases the gain without array need. The chopped patch corners and 
the DR corners are the reason for obtaining circular polarization (CP) which can be controlled 
to be left hand (LH) or right hand (RH) by changing the chopped corners of both the patch and 
the DR to the opposite sides [3]. The effect of antenna parameters on its performance is also 
studied.  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Geometry of conventional corner-chopped circularly-polarized patch 

antenna (a) side view (b) top view. 
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Fig.  2. Geometry of high-gain circularly-polarized hybrid antenna (a) side view (b) top view. 

3. Parametric studies 

Extensive parametric studies have been carried out to address the effect of antenna 

physical parameters on its performance such as the antenna operation bandwidth. This 

happen by varying one antenna parameter with keeping all other parameters fixed and plot 

the antenna reflection coefficient S11 curves versus frequency. All parametric studies were 

performed using Computer Simulation Technology (CST) Microwave Studio (MWS) [9]. 

All simulation results have been carried out using CST Microwave Studio [9] which solves 

electromagnetic problems in time-domain using Finite Integral Technique (FIT).  

Figure 3 shows the effect of varying the rectangular dielectric resonator (DR) length D1 

and width D2 on the antenna reflection coefficient S11. The values of other parameters are 

kept constant as listed in Table 1. The metal thickness is t. It can be seen that the DR is 

strongly affects the overall antenna operation bandwidth.  

The effect of rectangular DR air groove of length A and width B on the antenna 

performance is plotted in Figure 4. The values of other parameters are kept constant as 

listed in Table 1. It can be noticed that the DR air groove controls the impedance matching 

of the antenna and hence it affects the overall operation bandwidth of the proposed 

antenna.  

The effect of both the chopped DR corner of length N and the DR height h3 on the 

antenna performance are also studied and shown in Figure 5. The values of other 

parameters are kept constant as listed in Table 1. There is no much effect for the chopped 

DR corner length N on the antenna reflection coefficient while it is used for generating 

circular polarization. On the other hand, the DR height h3 is strongly affect the modes of 

DR and hence controls the antenna bandwidth.  

εr2 



1081 

O. M. Haraz, Numerical investigations of novel high-gain circularly-polarized hybrid antenna for 

millimeter-wave detection and imaging applications, pp. 1078 - 1100 

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 41, No. 3, May, 

2013, E-mail address: jes@aun.edu.eg 

55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 7070
-50

-40

-30

-20

-10

00

Frequency (GHz)

|S
1
1
| 
(d

B
)

 

 

 D
1
 = 4

 D
1
 = 5

 D
1
 = 6

 D
1
 = 7

Figure 6, 7 & 8 present the parametric studies to investigate the effect of the other 

antenna dimensions, such as microstrip rectangular patch length a, width b, chopped patch 

corner length n, microstrip feed line length Lf, rectangular slot length Ls and width Ws. The 

microstrip feed line length Lf and slot dimensions (Ls, Ws) are strongly affecting the 

antenna matching performance. By controlling those different parameters, wideband 

antenna behavior can be achieved. All the optimized antenna parameters are shown in 

Table 1. 

Table 1.  

configurable parameter values for the proposed antenna (units in mm) 

Parameter  h1 (=h2) h3 t Ls Wf Lf L1 (=L2) 

Value  0.254   0.635  0.035 0.85  0.185  5.45  10.5  

Parameter  D1 D2 A B a b Ws N (=n) 

Value  7.0  6.6  2.6  1.8  1.1  0.98  0.35  0.565  
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(b) 

Fig. 3. Parametric studies on the effect of rectangular dielectric resonator with 

changing of: (a) length D1, and (b) width D2 
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(b) 

Fig. 4. Parametric studies on the effect of rectangular DR air groove dimensions, 

(a) length A and (b) width B 
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(b) 

Fig. 5. Parametric studies on the effect of (a) chopped DR corner dimensions, 

length N and (b) DR thickness h3 
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(b) 

Fig. 6. Parametric studies on the effect of microstrip rectangular patch dimensions, 

(a) length a and (b) width b 
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(b) 

Fig. 7. Parametric studies on the effect of (a) chopped patch corner length n and (b) 

microstrip feed line length Lf 
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(b) 

Fig. 8. Parametric studies on the effect of rectangular slot (a) length Ls and (b) 

width Ws 

4. Results of novel high-gain CP hybrid antenna 

Compared to the conventional microstrip rectangular patch antenna, installing 

rectangular DR with inner air grove strongly enhances the axial ratio (AR) bandwidth, 

realized gain and sidelobe level (SLL). Figure 9 presents the simulated reflection 

coefficient S11 curves of the proposed antenna compared to the conventional patch antenna. 

The achieved impedance bandwidth ranges from 55.8 GHz to 65.2 GHz (15.5%) in case of 

proposed antenna which is almost the same for the conventional patch antenna except there 

is a frequency shift towards higher frequency band.  

The axial ratio (AR) curves of the proposed antenna compared to the conventional patch 

antenna are also plotted in Figure 10. It can be seen that the circular polarization bandwidth 

(-3 dB bandwidth) of the proposed antenna has a dual-band from 58 GHz to 59.2 GHz 

(about 2%) and from 60.6 GHz to 62.4 GHz (about 3%) while it is almost 2.6% from 57.5 

GHz to 59 GHz in case of conventional patch antenna. 

The main advantage of the operation in the 60-GHz frequency band is that it will support 

gigabit-per-second (Gbps) data rates in wireless communication applications because of 

large bandwidth. Typical applications demanding Gbps data rates include wireless gigabit 

Ethernet and wireless uncompressed high-definition (HD) video. For high-gain 

applications, the 60-GHz frequency band antennas will play important roles in microwave 

detection and imaging applications.   

The simulated realized total gain and SLL for the proposed antenna are shown in Figure 

11 and Figure 12, respectively. The curves for the conventional patch antenna are also 
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plotted for comparison. It can be noticed that the gain is greatly enhanced by at least 3 dB 

after using a high-dielectric constant DR with inner air 

The realized total gain as a function of frequency as illustrated in Figure 11 shows good 

characteristics where the gain variation is less than 4 dB over the frequency range of 56 

GHz to 64 GHz. The minimum gain is about 9.5 dB at 59 GHz while the maximum gain is 

13.2 dB at 56 GHz respectively. The SLL of the antenna radiation pattern is also improved 

by at least 5 dB compared to the conventional patch antenna. This may be due to the 

dielectric lens above the antenna directs the EM propagation into the broadside directions 

with reducing the SLL and back-lobe radiation. 

The simulated radiation patterns along the x-z plane (H-plane) and y-z plane (E-plane) at 

different frequencies, 56 GHz, 58 GHz, 60 GHz, 62 GHz and 64 GHz are plotted in Figure 

13. It can be seen that the gain and sidelobe level are better at lower frequencies, 58 GHz 

compared to the higher frequencies, 62 GHz. This may be due to the antenna is better 

matched at the lower frequency band compared to the higher frequency band. 

From the above simulation results it can be concluded that the proposed hybrid patch DR 

antenna has an operated bandwidth (reflection coefficient S11 < -10 dB) about 15.5% with a 

high gain (from 9.5 dB to 12.3 dB) that makes it suitable for various types of millimeter-

wave communications and millimeter-wave detection and imagining applications.   

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Simulated reflection coefficient S11 curves of the proposed hybrid patch DR 

antenna. 
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Fig. 10. Simulated axial ratio (AR) curves of the proposed hybrid patch DR antenna. 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

Fig. 11. Simulated realized gain for the proposed hybrid patch DR antenna. 
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Fig. 12. Simulated Side-lobe level (SLL) for the proposed hybrid patch DR 

antenna.  
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(d) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(e)           

 

Fig. 13. Simulated radiation patterns for the proposed hybrid patch DR antenna at (a) 56 

GHz, (b) 58 GHz, (c) 60 GHz, (d) 62 GHz and (e) 64 GHz.(Blue solid line for H-plane 

and red dashed line for E-plane). 
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5. Proposed improved high-gain cp hybrid antenna 

Compared to the conventional patch and hybrid patch DR antennas, installing a high-

dielectric constant dielectric lens of a hemispherical shape above the proposed circularly-

polarized high gain hybrid patch DR antenna, the antenna characteristics such as the axial 

ratio (AR) bandwidth, realized gain and sidelobe level (SLL) have been improved. The 

proposed antenna geometry is shown in Figure 14. The simulated reflection coefficient |S11| 

curves of the proposed antenna compared to the previous two antenna designs are shown in 

Figure 15. The achieved impedance bandwidth ranges from 56.9 GHz to 64.1 GHz 

(11.9%) in case of proposed hybrid patch DR antenna with dielectric lens which is less 

than that for the previous antenna designs.  

The axial ratio (AR) curves of the proposed hybrid patch DR antenna with dielectric lens 

compared to the previous antenna designs are also plotted in Figure 16. It can be seen that 

the -3 dB axial ratio bandwidth of the proposed antenna is decreased to about 1.93% from 

61.45 GHz to 62.65 GHz while it is dual-band from 58 GHz to 59.2 GHz (about 2%) and 

from 60.6 GHz to 62.4 GHz (about 3%). 

The simulated realized total gain as a function of frequency as illustrated in Figure 17 

shows good characteristics where the gain variation is less than 3 dB over the frequency 

range of 56 GHz to 64 GHz. The curves for the previous antenna designs are also plotted 

for comparison. The minimum gain is about 10.5 dB at 59 GHz while the maximum gain is 

13.5 dB at 62.5 GHz, respectively. It can be noticed that the gain is enhanced by at least 2 

dB at 60 GHz after using a high-dielectric constant dielectric lens on the top of hybrid 

patch DR antenna.  

Table 2. 

 Antenna characteristics at 60 GHz  

Parameters 

Antenna characteristics @ 60 GHz 

Conventional 

Patch Antenna 

Hybrid Patch DR 

Antenna 

Hybrid Antenna 

with Dielectric 

Lens 

S11 -18dB -15dB -17dB 

S11 BW 

(bandwidth)  

55.0-64.5 GHz 

(9.5 GHz, 15.9%) 

55.8-65.2 GHz 

(9.4 GHz, 15.5%) 

56.9-64.1 GHz 

(7.2 GHz, 11.9%) 

Gain 5.8dBi 9.0dBi 12.5dBi 

Total 

efficiency  
88% 84% 94% 

SLL  
E H E H E H 

-9.1dB -10.7dB -6.8dB -15.8dB -11.9dB -19.3dB 
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(c) 

Fig. 14. Geometry of the proposed improved high-gain CP antenna with dielectric 

lens (a) side-view (b) top-view (c) three-dimensional isometric view. 
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The side-lobe level (SLL) for the proposed antenna is shown in Figure 18. The curves for 

the previous antenna designs are also plotted for comparison. The SLL of the antenna 

radiation pattern is also improved by at least 3 dB at 60 GHz compared to the hybrid patch 

DR antenna. It can be seen that the gain and sidelobe level are better at lower frequencies, 

i.e. 58 GHz compared to the higher frequencies, i.e. 62 GHz. This is may be because the 

antenna is better matched at the lower frequency band compared to the higher frequency 

band. 

 

 

 

 

 

 

 

 

 

 

Fig. 15. Simulated reflection coefficient S11 curves of the proposed improved high-

gain antenna.  

  

 

 

 

 

 

 

 

 

 

 

Fig. 16. Simulated axial ratio (AR) curves of the proposed improved high-gain 

antenna. 
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Fig. 17. Simulated realized gain for the proposed improved high-gain antenna. 
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Fig. 18. Simulated Side-lobe level (SLL) for the proposed improved high-gain 

antenna. 

The simulated radiation patterns along the x-z plane (H-plane) and y-z plane (E-plane) at 

different frequencies, i.e. 56 GHz, 58 GHz, 60 GHz, 62 GHz and 64 GHz are plotted in 

Figure 19. 
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(e) 

Fig. 19. Simulated radiation patterns for the proposed antenna at (a) 56 GHz, (b) 58 

GHz, (c) 60 GHz, (d) 62 GHz and (e) 64 GHz.(Blue solid line for H-plane and red 

dashed line for E-plane). 

2. Conclusions 

In this paper a novel circularly-polarized high gain dielectric resonator (DR)/microstrip 

antenna is proposed. The proposed antenna has an operated bandwidth (reflection 

coefficient |S11| < -10 dB) about 15.5% with a high gain (from 9.5 dB to 12.3 dB) that 

makes it suitable for various types of millimeter-wave communications and millimeter-

wave detection and imagining. Circular polarization is obtained by modifying both of the 

corner shapes of radiator and the DRA. Antenna feeding is achieved by using single 

microstrip line with a rectangular aperture in the ground plane. The proposed antenna has 

improved axial ratio (AR) bandwidth, realized gain and sidelobe level (SLL) compared to 

the microstrip rectangular patch antenna only. For further gain and radiation characteristics 

enhancement, a hemi-spherical dielectric lens made of a high-dielectric constant material is 

installed above the proposed antenna.  
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   :ملخصال

ياا  تحقيقاا   اائي   ع ااي  ل ياا  ه يقاابق     كساا ج شااو ب بيقاا   يي اا ل ل عاا ل    يلبصاائي ل
ب ي  ي ئج   يل ي يل ي ب قب ق  يلبحثي  نق هئي   ج يقابق     كس  ف  ه يلئ ي ا ل  عا ل  

ب ي   لب بيق   ي ئج   يل ئي  . (MMW) يل ئ يل قب  يب ل  يل ص  مشع  ش تا   مسب يلم  ع
ياا  اال ق ااع ةي حصاا ع اا  ل اا  يافاا  ج نبي اائي  يلاا قاابق   ئ ع يباا   ي  ل. يل اات تي فبحاا   بئيقاا  ت

ك  ئفا  مساب ي  ما  ما  قا  م ت تا  تثبيات و قبا  ائي   يل ك كسا  يل .. لييا  مسب ي  ف  مسابئل يا
نااي   ي   ل يل(DR)ع ةلاا   شااع  يلشاا صاا  يل ي  يلاا ني  . كاا م ماا  يل  ك يل  ةلاا   اا  سااب يل  يل

يو  ص  هئي    ا  تا  ي    كس تصبح  م  م ك  ب ا أ ع يقا   ل يقا    عا ل . تا  ضيًا م اجا يا 
. ى ع . ن  ق يلب  ئي   ع سا ت تا  تثبيات  تييي  خص  ص يل ييا ما  ت يياي يل ا  -ل ائي   ضع  يل

قب   ي    بت عي -يل ك ع ةل   ئع  م  م  ق  مص ق   ك ب   ع ل.  ل نصو ك  ع  ش ع ل  
ح كا ك ع ضات ي نبا    يل ئلئجياا  ب نا م  ب قااب يئ -لح قائ  ي نظا  ت ياو يقابئ ي   CST) يل

MWS)    ا ا فا  ع ل ي ب اى ضقا  يلا يا  ع جا  تق يا  يل يا  يل يل  كيلب م  ي ببا .  (FIT) حا
اائي   قباا  يل يقاابق   كساا  م شااج جياا يل شااو ب بيقاا   يي اا ل ل   عاا ل   ي  يلبصاائي ل ب قااب

ب ي . ي ئج   يل  يل
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