
Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 18, No. 2, June 2019 

DOI: http://dx.doi.org/10.1590/2179-10742019v18i21436 

 

 

Brazilian Microwave and Optoelectronics Society-SBMO received 18  Aug  2018; for review 23  Aug 2018; accepted 15 Apr 2019 

Brazilian Society of Electromagnetism-SBMag © 2019 SBMO/SBMag               ISSN 2179-1074 

 

 

246 

 

Abstract— A Hexagonal Microstrip Antenna (HMSA) is an 

approximation to a Circular MSA (CMSA), which is not 

symmetrical over two principal planes, unlike a CMSA. 

Consequently, two types of feed positions are feasible for each X and 

Y-axes. When a quarter-wave transformer or inset feed is used to 

match the edge impedance of the HMSA, it becomes asymmetrical 

over the feed axis ( E-plane),  which leads to increase in the cross-

polarization level in the H-plane. In this paper, to reduce the cross-

polarization level of HMSA along H-plane and to match the edge 

impedance of the HMSA on each X and Y-axes with the 50Ω- 

Microstrip (MS)-line-feed, a single and a pair of shorting posts have 

been used. The current distribution of the shorted HMSA is changed 

due to the loading of shorting posts into the patch, which in-turns 

help to match the edge input impedance. A detailed investigation on 

the characteristics of the shorted HMSA with modified fundamental 

mode frequencies has been presented. The co-polarization to cross-

polarization ratios (CTCR) in H-plane of the HMSA with a pair of 

shorting posts has been reduced substantially by more than 20 dB at 

the broadsight direction in comparison with that of an HMSA with 

a single shorting post or with an inset. The simulated results of the 

HMSA with direct 50Ω-MS-line-feed are in good agreement with 

measured ones. 
  

Index Terms— Cross-polarization, Fundamental mode, Inset feed, Edge fed 

hexagonal antenna, Shorting post. 

I. INTRODUCTION 

In recent times, the idea of creating antenna-on-chip (AOC) with MS-line feed has gained increased 

attention, due to its feature such as planar geometry, low profile outlook, simplicity in fabrication and 

integration compatibility with other microwave circuits. Owing to this, research efforts are directed to 

design an integrable antenna on a single substrate with improved performance [1]-[3]. However, the 

MS-line feed along with their compatible MS components, start radiating which leads to increased 

losses, cross-polarization levels and parasitic coupling effects leading to a decrease in its gain. These 

effects make the design more complex as the operating frequency increases [3]-[8]. Also, the impedance 
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matching becomes an issue, when a 50Ω-MS-line feeds a patch antenna directly. The MS-line inset 

feed takes care of the impedance matching and also has an advantage that it can be fabricated on the 

same substrate layer, facilitating the direct integration of monolithic-microwave integrated circuits 

(MMICs) and active devices, retaining the planarity. However, an inset feed introduces a physical 

deformation in the geometry of the antenna, which makes the antenna asymmetrical. Consequently, the 

cross-polarization level increases [2], [3]. Rectangular and Circular MSAs have been designed with 

simple MS-line feed (without an inset), which have reduced cross-polarization [9]-[13]. Also, detailed 

investigation of various resonant modes generated in a shorted MS-line fed square MSA has been 

reported in [14]. Recently, new configurations of probe-fed MSAs was reported [15], [16]. These 

antenna configurations have reduced cross-polarization in H-plane using a pair of symmetric circular 

clusters of shorting pins [15] and array of shorting pins along with a pair of shorting walls [16]. 

However, both these configurations do not retain the planarity. 

An HMSA configuration is an approximation of a CMSA [17]. It is advantageous to obtain broad 

BW, as compared to the CMSA because its straight edges provide more coupling between the parasitic 

and fed patch when used in gap-coupled broadband configurations [7]. Two HMSA configurations are 

feasible, depending on feed are placed across the X or Y-axes.  HMSAs with simple 50Ω-MS-line feed, 

without using any external matching section or inset has not yet been investigated. In this paper, an 

investigation of both the shorted HMSAs, using a single and a pair of shorting posts, which are fed by 

50Ω-MS-line, have been presented. Analysis of both the shorted HMSAs has been performed at 

modified fundamental mode frequency in regards to the different positions of shorting posts. HMSAs 

with the pair of shorting posts gives more than 20 dB suppression of cross-polarization level in boresight 

direction in comparison with that of a single shorted HMSA, in H-plane. This suppression is 10 dB 

higher as compared to that reported for the RMSA with a pair of shorting posts [10], [11].  Simulation 

has been performed using IE3D software [18]. Theoretical and measured characteristics of these 

proposed shorted HMSAs are in good agreement. These proposed configurations can be suitably scaled 

for use in various communication systems.  

II. ANALYSIS OF AN INSET FED HMSA 

First, an analysis of a conventional inset-fed both HMSAs, with the side length S (as shown in Fig. 

1), is carried out. The conventional inset fed HMSA structures are realized using Arlon substrate with 

εr = 2.5, h = 1.59 mm and tanδ = 0.003 at fundamental mode frequency FF = 1.8 GHz. The side length 

of HMSAs S = 32.8 mm is calculated using formulations given in [7], [17]. Along the X and the Y- axes, 

two feed positions can be used for excitation of the dominant mode of the HMSA, as illustrated in Fig. 

1. The vertex input impedance of the HMSA, as illustrated in Fig. 1 (a) is higher than that of 1 (b), 

which typically varies between 400 to 500 Ω, so it is required to use inset feed for 50Ω impedance 
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matching. The 50Ω-MS-line across the feed point has a dimension of Ls × Ws, while, the length and the 

width of the inset feed across MS-line is Ln × Wn, respectively. Thus, Ln for Fig. 1(a) will be slightly 

longer than that of Fig. 1(b). The inset feed realized by concerning a notch length (Ln) and width (Wn), 

that leads to introduce a junction capacitance [1-3]. The optimized inset dimensions (Ln × Wn) for the Y 

and X-axes HMSA configurations are 21.46 × 1.53 mm2 and 19.62 × 1.30 mm2, respectively. 

 The simulated reflection coefficient plots for HMSA fed across the X and the Y-axes, are depicted in 

Fig. 2 (a). Fig. 3 illustrated their respective radiation characteristics in E and H-plane. The simulated 

fundamental mode frequencies for configurations with feed axis along the Y and the X -axes are 1.795 

GHz and 1.801 GHz, respectively. The surface current plots for inset feed HMSAs have been depicted 

in Figure 2 (b) and (c) for feed along Y and X, respectively. The resonant length of the HMSA in Fig. 

1(b) is slightly smaller than that of Fig. 1(a), thus the frequency of the configuration of Fig. 1(b), which 

is fed along X axis, is marginally higher. The radiation patterns are in broadside direction with increased 

cross-pol levels. In case of inset fed HMSA along the Y-axis, the simulated E and H-plane half-power 

beam widths (HPBWs) is 108° and 79°, respectively. Similarly, for the case of inset fed HMSA along 

the X-axis, the simulated HPBWs in E and H-planes are 106° and 79°, respectively.  

 

Fig.1. The geometry of a conventional inset fed HMSA fed along (a) Y-axis and (b) X-axis. 

    

            (a)              (b)                             (c) 

Fig.2. (a) Simulated reflection coefficient plot and surface current distribution with feed along (b) Y-axis at 1.795 GHz 

and (c) X-axis at 1.801 GHz of an inset fed HMSA. 



Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 18, No. 2, June 2019 

DOI: http://dx.doi.org/10.1590/2179-10742019v18i21436 

 

 

Brazilian Microwave and Optoelectronics Society-SBMO received 18  Aug  2018; for review 23  Aug 2018; accepted 15 Apr 2019 

Brazilian Society of Electromagnetism-SBMag © 2019 SBMO/SBMag               ISSN 2179-1074 

 

 

249 

 

                                           (a)                    (b) 

Fig.3. Simulated normalized radiation pattern of inset fed HMSA fed along (a) Y-axis at 1.795 GHz and (b) X-axis at 

1.801 GHz. 

 

As stated earlier, the purpose of the inset notch length and width of MS-line across the HMSA is to 

meet the requirement of 50 Ω impedance along the feed axis with that of the patch, without utilizing 

any extra matching element. The notch length and its respective junction capacitance influence the 

fundamental resonant frequency of HMSA by approximately 1-2%. Also, in this feeding technique, the 

input impedance is a function of cos2(πx/S), and x is the input feed point location measured across the 

radiating edge from the center [3]-[5]. Fig. 3 illustrated the increased cross-polarization level of H-

plane, due to the inset feeding method, which disturbs the structural geometry of an antenna across E-

plane. The E-plane cross-pol levels are negligibly small. Table I gives the comparison of CTCR values 

of conventional inset fed HMSA in H-plane, within the angular range of -30º ≤ ϴ ≤ 30º and -60º ≤ ϴ ≤ 

60º where, ϴ is angle measured from broadside direction. 

 

TABLE I. COMPARISON OF SIMULATED CO-POLARIZATION TO CROSS-POLARIZATION LEVELS RATIOS FOR INSET FED HMSA 

Configuration 
 

Polarization ratio (dB)-CTCR 

ϴ ϵ (±30º, ±60º) 

ϴ = -30º ϴ = 30º ϴ = -60º ϴ = 60º 

HMSA fed at X-axis 19.69 19.72 11.76 11.78 

HMSA fed at Y-axis 16.62 16.57 8.60 8.57 

 

From the Table I, it is noted that the configuration with inset feed along the X-axis has a lower cross-

polarization level as compared to that fed along the Y-axis HMSA. With inset feed, both the 

configurations are asymmetrical, but, in the latter case of the feed at the vertex, very highly concentrated 

electric field gets perturbed, leading to increased asymmetry in the E-plane, increasing the cross-pol 

level, thus, a lower CTCR in H-plane. In higher frequency range (millimeter wave/ higher microwave 

range), the inset feed MS-line dimension becomes as good as that of the patch, which makes it 

unrealizable. It also increases the undesired radiation from the feed structure. For overcoming this 

problem, in this paper, a method using a single and a pair of shorting posts for directly feeding HMSAs 

with 50Ω-MS-line has been presented. Additionally, this technique reduces the cross-pol levels. 
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III. A SINGLE SHORTING POST-50Ω-MS-LINE FED HMSA 

An HMSA of the side length S has been designed as discussed in the previous section. Initially, to 

match its input impedance at an edge with 50Ω-MS-line-feed, a single shorting post were used. The 

edge input impedance and the resonant frequency of various mode has been changed by loading a 

shorting post because it alters the field distribution into the patch. A single shorted configurations of 

HMSA with 50Ω-MS-line-feed along X and Y-axes are shown in Fig. 4. The dimension of MS-line is 

width (Ws) equal to 4.538 mm and length of 10 mm across the input feeding point.  

 
Fig 4. The geometry of a shorting post loaded HMSA (a) configuration-A (Feed along Y-axis) and (b) configuration-B (Feed 

along X-axis). 

 

An effective dimension of the patch has been changed slightly with the use of shorted MS-line 

(without inset notch/width), which-in-turns slightly decrease the resonant frequencies of the patch. The 

patch centre has zero potential for the fundamental mode, which implies that by loading a shorting post 

at the centre of the patch, cannot change the fundamental mode frequency. Moreover, if the patch 

shorted at the centre, it originates another lower order mode which has a resonant frequency equal to FL 

[10]-[14]. This lower order mode frequency FL obtained due to quarter-wavelength, which includes the 

most considerable distance from the shorting post position to the diagonally opposite open end on the 

edge of an HMSA. When the shorting post located nearer to the edge of the HMSA, the maximum 

reduction in the FL was achieved. [2], [7]. 

Further study at FL is not incorporated in this paper. When shorting post is not at the centre of the 

patch, it changes the field distribution into the patch of the approximate fundamental TM11 mode and 

thus its frequency FF. Concerning the density of the surface current, it has very high value at the position 

of shorting post and gets to be least at the open end (edge). In this way, because of this kind of 

refinement will eventually enlarge the FF. When shorting post position is changing from the centre 

towards the edge, the edge impedance reduces and eventually becomes zero when the shorting post 

reaches the edge. This concept is used to locate the shorting post for the 50Ω edge impedance. For 
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proposed configuration A and configuration B, when the position of the single shorting post located at 

d/D = 0.05 (i.e. ratio of the distance of shorting post from input edge to diameter of the HMSA), the 

input matching is achieved at modified fundamental mode frequency FF. For the feed positions of the 

HMSA configuration B and configuration A (across the X and the Y-axes, respectively), the fundamental 

mode frequency shifts to FF = 2.124 GHz and 2.107 GHz, respectively, because the shorting post 

modified the field distribution.  

 

A. Edge Input Impedance 

A single shorting post presented over the centre line XXʹ, which is at location d from the edge feed 

point, with radius r = 0.5 mm. It is observed that when the shorting post shifts from the centre towards 

the periphery, the peripheral impedance reduces. This concept is used to locate the shorting post for the 

50Ω peripheral impedance. The simulated input resistance (Rin) and reactance (Xin) for the configuration 

B with various d/D ratio are showed in Fig. 5. It observed that as d/D ratio reduces (shorting post 

position shifts from the center towards the edge), i.e. d/D= 0.5 to 0.05, the edge input resistance at the 

peripheral end with FF reduces from 510 to 50 Ω, respectively and the resonant frequency FF gets 

increment from 1.790 to 2.124 GHz. Hence, by appropriate selection of the location of a shorting post, 

wide extent of edge input impedance of configuration B can be realized for various frequency ranges, 

without utilizing any other impedance matching techniques. In this way, for configuration B, when 

shorting post is positioned at d/D= 0.05, the proper input match is realised at the modified frequency 

FF = 2.124 GHz. Similar kind of results is achieved for configuration A, which are not presented here 

to avoid repetition. 

 

Fig. 5. Simulated input resistance and reactance at corresponding FF of a single shorting post loaded HMSA fed along X-

axis (configuration B) by 50Ω-MS-line. 
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B. Distribution of current on the surface and radiation pattern 

 

Fig. 6 (a) to (d) demonstrate the current distributions on the surface for a single shorted HMSAs for 

both the feed configuration A and B at respective frequencies FF. For both these HMSAs with the centre 

shorting post, distribution of the current on the surface is similar to that of the approximate fundamental 

TM11 mode. As the location of the shorting post moved in the direction along the periphery, the surface 

current distribution begins to be progressively asymmetrical, and the fundamental mode gets changed. 

This kind of asymmetrical distribution of the current on the surface of the patch in the E-plane (Feed 

axis) causes enhanced cross-polarization level in the H-plane. Fig. 7 illustrates the comparison of 

simulated co-polarization levels in the E-plane and corresponding cross-polarization levels in the H-

plane with various positions of d/D ratio at corresponding modified FF for both the configuration A and 

B. It is taken note from Fig. 7 (a) and (b), that as the position of the shorting post shifts from the centre 

to the edge of the HMSA, the cross-polarization level in the off-boresight direction in the H-plane 

increases from −31 to −5 dBi, and -20 to -5 dBi in case of configuration A and B, respectively, whereas 

the co-polarization levels in the E-plane is about the same for both the cases. The proposed 50Ω-MS-

line-feed HMSA (Conf. A and B) remove the requirement of an individual TRL calibration kit required 

for 100Ω-MS-line in [10] for dis-embedding the input edge impedance. 

 

Fig.6. Current distribution on configuration A and configuration B with two shorting post positions (a) d/D = 0.5 (fed along 

Y-axis HMSA), (b) d/D= 0.05, (c) d/D = 0.5 (fed along X-axis HMSA) and (d) d/D = 0.05 with respective FF. 
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(a)                                                                                      (b) 

Fig.7. Simulated plot of co-polarization level in E-plane and cross-polarization level in H-plane of single shorting posts 

HMSA with different d/D ratio (a) configuration A (at d/Dy = 0.5, 0.3, 0.05 the corresponding modified frequencies are FF = 

1.741, 1.973 and 2.107 GHz), (b) configuration B (at d/Dx = 0.5, 0.3, 0.05 the corresponding modified frequencies are FF = 

1.790, 1.981 and 2.124 GHz) 

IV. PAIR OF SHORTING POST-50Ω-MS-LINE FED HMSA 

To create the configuration symmetrical across the E-plane (along XXʹ and YYʹ line of the two feed 

configurations of HMSAs) and therefore to reduce the cross-polarization level in H-plane, a pair of 

shorting posts method has been utilised, in this section. Proposed configuration geometry with two feed 

conditions are shown in Fig. 8 (a) and (b). Dimensions of the HMSA and substrate properties are kept 

similar to that of the earlier cases. 

 

Fig. 8. (a) Geometries of a pair of shorting post loaded HMSAs (a) configuration-C (Y-axis) and (b) configuration-D (X-

axis). 

 

A. Edge Input Impedance 

Similar to that of the case of a single shorted HMSA (Conf. A and B), the resonant frequency of lower 

order mode FL gets excited in Conf. C and D as well, besides modifying the fundamental mode with 
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frequency FF. The investigation has been reported in this section is with respect to that of the modified 

fundamental mode frequency FF only. Fig. 9 shows the simulated input resistance (Rin) and reactance 

(Xin) for various d/D ratios of the pair of shorting posts HMSA fed along the X-axis (configuration D). 

It noticed that as the shorting post position d/D ratio decreases, i.e. d/D = 0.5 to 0.05, the edge input 

impedance at FF reduces from 510 to 50 Ω, while the corresponding resonant frequency FF gets 

increased from 1.790 to 2.425 GHz. Two shorting post position on the patch changes the surface current 

distribution, whose surface current density is highest at the location of shorting post. The half cycle 

surface current distribution gets slightly shortened leading to slight increase in  the fundamental mode 

frequency FF. Proper matching for configuration D is  obtained at FF   for d/D = 0.05. Similarly, edge 

input impedance was optimised for the configuration C. 

 

Fig. 9. Simulated input resistance and reactance at corresponding modified fundamental frequency FF of configuration D. 

 

B. Distribution of current on the surface and radiation pattern 

Fig. 10 illustrated the current distribution on the surface of the proposed configurations C and D for 

two cases of the position of the pair of shorting posts at corresponding frequency FF. It is observed that 

current distribution is nearly symmetrical along the feed centerline for both the configurations. Fig. 11 

(a) and (b) depicts the co-polarization level in E-plane and cross-polarization level in H-plane for both 

the HMSA configuration C and D with three cases of shorting post position (d/D). There is a substantial 

reduction of cross-polarization level in the H-plane as compared to that of a corresponding case of single 

shorting post loaded HMSA configurations as illustrated in Fig. 7 (a) and (b). The improvement is more 

than 15 dB for all the position of d/D. The E-plane co-pol levels are similar for all the positions of 

shorting posts. For the HMSA, operating at fundamental mode frequency FF (which gets modified in 
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the presence of shorting post) the direction of the electric field vector remains the same, when the 

shorting post is used. Therefore, the polarization remains unaltered.  

 

Fig.10. Surface current distribution of a pair of shorts loaded HMSA for both the feed configurations with two shorting 

positions a) d/D = 0.1, (b) d/D = 0.05 for configuration C  and (c) d/D = 0.1, (d) d/D = 0.05 configuration D with 

corresponding FF. 

 

  

(a)                 (b) 

Fig.11. Simulated plot of co-polarization level in E-plane and cross-polarization level in H-plane of a pair of shorting posts 

loaded HMSA with different d/D ratio. (a) Configuration C (at d/Dy = 0.5, 0.3, 0.05 for the corresponding frequencies of FF 

= 1.741, 2.053 and 2.404 GHz), (b) configuration D (at d/Dx = 0.5, 0.3, 0.05 for the corresponding frequencies of FF = 1.790, 

2.074 and 2.425 GHz) 
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For the centre shorting position (d/D = 0.5), the frequency FF, input resistance and the directivity 

remain similar as that of a single shorting post HMSA, which in turn are similar as conventional HMSA, 

as they represent the same case. However, due to improved symmetry in current distribution on the 

surface of shorted HMSA with a pair of shorting post for all the values of d/D, the cross-polarization 

levels decrease, resulting in an improvement in the directivity (Dr). The increase in the value of the 

directivity for the configuration D is 1.14 dB for the case of d/D = 0.05 in comparison with that of the 

corresponding single shorted HMSA (Configuration B). Fig. 12 shows the performance of the pair of 

shorting post loaded HMSA fed along the X-axis. For most of the cases of d/D, the value of directivity 

of the pair of shorted HMSA is higher than that of a single shorting post loaded HMSA. A similar 

response observed for the configuration C (HMSA fed along the Y-axis). 

 

 
Fig. 12. Performance comparison of configuration B and configuration D (HMSAs fed along X-axis) for various values of 

shorting post position d/D ratio on directivity and resonant frequency. 

 

V. EXPERIMENTAL VERIFICATIONS AND DISCUSSIONS 

Proposed shorted HMSAs (i.e. Configuration A to configuration D) have been manufactured on Arlon 

substrate with εr = 2.5, h = 1.59 mm and tan δ= 0.003 and testing have been performed to demonstrate 

their utility. The radius equal to 0.5 mm is used for all the shorting posts, which were position at d/D = 

0.05 for all the proposed configurations. The 50Ω-MS-line has dimension as Ws = 4.538 mm and length= 

10 mm, which soldered at the end with SMA connector. The dimension of the ground plane for proposed 

shorted HMSAs fed along X-axis (configuration B or D) and Y-axis (configuration A or C) are 77 × 77 

mm2 and 85 × 85 mm2, respectively. Photographs of shorted HMSAs are depicted in Fig. 13 (a). Agilent-

Fieldfox made Vector Network Analyzer (VNA-N9917A) is used in the antenna measurements. For 
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radiation pattern measurement for a transmitting antenna, a horn antenna was utilised, that is positioned 

in its far-field distance as depicted in Fig. 13 (b).  

 

  
(a)                            (b) 

Fig.13. (a) Photographs of proposed configurations D and C with the pair of shorting post loaded HMSAs at d/D=0.05 and  

(b) experimental setup. 

 

 

   

(a)       (b) 

Fig.14. Simulated and measured S11 for a proposed shorted post loaded HMSAs (a)  Configuration A and C (with feed along 

Y-axis) and (b) configuration B and D (with feed along X-axis). 

 

The simulated and measured return loss for both the proposed antenna configurations with respective 

single and a pair of shorting posts are compared in Fig. 14 (a) and (b). The HMSA configuration without 

loading a shorting post has large edge input impedance, which essentially does not get matched with 

50Ω-MS-line-feed. By using a single and the pair of shorting posts, the input impedance is nearly equal 

to 50Ω, making a good input matching. The configuration A (HMSA fed across the Y-axis), has 

simulated and measured modified FF of 2.107 GHz and 2.113 GHz, respectively with % bandwidth 

(BW) of 1 and 0.95. Similarly, for the configuration C, the simulated FF is 2.404 GHz against the 

measured value of 2.400 GHz, with % BW of 1 and 0.92, respectively. In the case of configuration B 

(HMSA fed along X-axis) has simulated and measured FF of 2.124 GHz and 2.121 GHz respectively, 

with %BW of 1 and 0.97. Similarly, for configuration D, the simulated modified FF is 2.425 GHz 
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against the measured value of 2.423 GHz, with % BW of 1 and 0.94, respectively. The HMSAs with 

feed along the Y-axis has a lower resonant frequency for both the shorting conditions than that of similar 

configurations, which are fed along the X-axis because they have slightly longer resonant length. 

Fig. 15 demonstrates the block diagram of the radiation pattern measurement setup. In the antenna 

pattern measurement system, for transmitting antenna, a dual-ridge waveguide horn antenna was used, 

while antenna under test (AUT) work as a receiving antenna. The transmitting antenna is position at a 

far-field distance (R) of more than 1 m from AUT. Two ports of a VNA has been used with low loss 

high-frequency RF cables to connect AUT and transmitting antenna. VNA interfaced with a personal 

computer using LAN cable for the measurement of transmission coefficient S21. The gain of the AUT 

is calculated using the Friis equation by taking losses into account [2]-[3].  

 

 

Fig. 15. Schematic diagram of the radiation pattern measurement set-up. 

 

In case of the conventional HMSA, the inset feed technique introduces a physical asymmetry along 

the E-plane, that in turn, slightly tilts the main beam of the radiation pattern the H-plane by maximum 

up to 10°. While in case of both the proposed shorted HMSA configurations, the maximum radiation is 

in the broadside direction. The comparison of simulated and measured radiation patterns in both the 

principal planes  (E- and H-plane) for all the shorted HMSA configurations are examined in Fig. 16 and 

Figs. 17, respectively at corresponding FF. The simulated and measured HPBWs for all the 

configurations are summarised in Table II. 
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             (a)                    (b) 

 

           (c)               (d) 

Fig.16. (a) Simulated and measured radiation pattern of configuration A at 2.113 GHz  (a) E-plane and (b) H-plane, and 

configuration C, at 2.400 GHz (c) E-plane and (d)  H-plane. 

 

 

 

           (a)                                (b) 

    

         (c)                    (d) 

Fig.17. (a) Simulated and measured radiation pattern of configuration B at 2.121 GHz   (a) E-plane and (b) H-plane and 

configuration D at 2.423 GHz (c) E-plane and (d)  H-plane. 
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TABLE II. COMPARISON OF SIMULATED AND MEASURED HPBW 

Configuration 

(d/D=0.05) 

E-plane HPBWs  H-plane HPBWs 

Simulated Measured Simulated Measured 

Configuration C 72° 71° 38° 34° 

Configuration A 84° 82° 44° 41° 

Configuration D 75° 73° 42° 40° 

Configuration B 86° 82° 46° 43° 

 
In the broadside direction, the simulated and measured cross-polarization levels in E-plane of both the 

HMSAs are less than -40 dB. The simulated and measured values of the CTCRs of a single and the pair 

of shorting posts loaded HMSAs with 50Ω-MS-line-feed along both the axes are compared in Fig. 18 

over the full angular range of -90º ≤ ϴ ≤ 90º. Further, Table III gives the more specific comparison of 

CTCR values for both the HMSAs in H-plane, within the angular range of -30º ≤ ϴ ≤ 30º and -60º ≤ ϴ 

≤ 60º. In case of the symmetrical pair of shorting post HMSA (configuration C and D), the cross-

polarization levels are much suppressed. The CTCR values in the H-plane of the pair of shorting posts 

loaded HMSAs is at least 20 dB better than that of a single shorting post HMSA for both the angular 

ranges (configuration A and B). This is a notable improvement in the value of CTCR as compared to 

that obtained from the inset fed HMSA as listed in Table I, as well as RMSA as reported in [10-11]. 

Among the two shorted HMSAs with the pair of shorting posts, the configuration which is fed along 

the Y-axis (Configuration C) has more suppression of CTCR as compared to that fed along the X-axis 

(Configuration D), because of improved transition at vertex feed and improved symmetry. 

 

        

           (a)                 (b) 

Fig. 18. Simulated and measured CTCR in the H-Plane of a single and the pair of shorting posts loaded HMSAs fed along 

(a) the Y-axis (configuration A and C), and (b) the X-axis (configuration B and D). 
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TABLE III. COMPARISON OF SIMULATED AND MEASURED POLARIZATION RATIOS 

Configuration 

(d/D=0.05) 

Polarization ratio (dB) 

ϴ ϵ (-30º,30º) 

Polarization ratio (dB) 

ϴ ϵ (-60º,60º) 

Simulated Measured Simulated Measured 

Configuration C 35 34 27 26 

Configuration A 14 13 7 9 

Configuration D 47 46 30 31 

Configuration B 16 14 8 6 

 

VI. CONCLUSION 

An HMSA has a high edge/vertex input impedance, which causes difficulty in directly feeding it with 

50Ω-MS-line. A suitable position of shorting posts on the patch decreases the input impedance of the 

edge/vertex simplifying the direct feed through 50Ω-MS-line. In this paper, an HMSA structure is 

directly fed by a 50Ω-MS-line with the help of a single and the pair of shorting posts. The drawback of 

the quarter wave transformer line and inset feed is overcome by utilizing direct MS-line feed technique, 

which makes the HMSA geometry symmetrical. By suitably positioning the shorting post, the 

peripheral edge impedance of the HMSA is varied in large range. A detailed study of the modified 

fundamental mode of an HMSA fed directly by 50Ω-MS-line has been carried out. Simulated results of 

all the proposed configurations are in agreement with measured results. The CTCR values of the pair 

of shorting posts HMSA have more than 20 dB improvement as compared to that of a single shorting 

post loaded HMSA. The proposed impedance matching technique facilitate direct integration of antenna 

with microwave circuits or active devices on the same plane. It also finds applications in series or 

corporate fed antenna arrays design with HMSA elements. With suitable scaling factor, the proposed 

technique can be adapted to any frequency for various applications. 
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