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Abstract- This paper presents, coplanar waveguide 

(CPW) fed novel dual asymmetrical Y- shaped 

microstrip patch antenna with wide impedance 

bandwidth for wireless communication 

applications. The antenna offers wide impedance 

bandwidth of (S11 < -10 dB) 2.88 GHz with dual 

band dual sense circularly polarized response at 3.5 

GHz and 4.9 GHz. The simulated 3 dB axial ratio 

bandwidth of dual band antenna is 4.57% and 

4.27% for 3.5 GHz and 4.9 GHz respectively. The 

proposed antenna radiates in left hand circular 

polarization for lower frequency (3.5 GHz) and 

right hand circular polarization for higher 

frequency (4.9 GHz) with peak gain of 1.47 dBi and 

1.33 dBi respectively. The antenna is fabricated 

using FR4 substrate having size of 30 mm × 30 mm. 

The parametric analysis of the design parameters 

has been carried out to optimize the performance of 

antenna. The fabricated prototype is tested and 

measured impedance bandwidth is around 60%. 

The measured and simulated results are found in 

close agreement with each other. The novelty of this 

research work is the transmission line equivalent 

circuit of proposed CPW fed antenna structure is 

presented and discussed.  

Index Terms- Broadband, circularly polarized, dual 

sense, Y-shaped.  

I. INTRODUCTION

In the last couple of years, circularly polarized 

(CP) planar microstrip antennas have grabbed 

vantage attention. In modern dynamic wireless 

communication technology, low cost, compact 

antennas with broad bandwidth is desired. 

Microstrip patch antennas (MPAs) with 

advantages of low profile, planar structure, ease of 

fabrication and comfortableness in polarization 

design are found suitable for wireless applications. 

CP MPAs are gaining popularity as they are 

resistant to multi-path fading effect and 

orientation of antennas [1]. Planar MPAs are 

found good candidate for modern wireless 

communications as they can radiate in both 

directions. Recently, many investigations have been 

carried out to design dual band and dual band-dual 

sense CP MPAs with wide impedance and axial 

ratio bandwidth [2-13].  

An array of hexagonal patch antennas along with 

annular feed network has been presented to 

realized dual sense CP [2]. In recent, authors have 

reported dual band CP printed monopole with L-

shaped slot in ground and parasitically coupled 

diagonally square slot cut square shaped 

microstrip patch antenna for WLAN and vehicular 

communication applications [3]. An offset fed 

wideband inverted L -shaped strip loaded square 

slot antenna has been reported in [4]. To realize 

dual band dual sense CP, CPW fed square slot 

antenna with two parasitic patches [5], a 

semicircular patch with circular curved slot [6], 

swastika shaped aperture coupled dielectric 

resonator antenna [7], asymmetric square shaped 

ring along with dielectric resonator antenna [9], 

CPW fed monopole with two parasitically coupled 

rectangular radiators and I-shaped stub loaded 

antenna [10], asymmetrical square slot loaded L-

shaped [11], U-shaped slot and stub loaded 

modified ground antenna are reported [13] in 

literature.  

In the proposed research work, a new coplanar 

waveguide (CPW) fed dual asymmetric Y- shaped 

microstrip patch antenna for dual band dual sense 

CP operation with wide impedance bandwidth of 

2.8 GHz (3- 5.8 GHz) covering WLAN and Wi-

MAX wireless applications is proposed. The 

antenna consists of dual asymmetric Y- shaped 

patches to realized dual band dual sense CP. By 

proper tuning of length of ground plane, broad 

impedance bandwidth has been realized. The 

antenna has been fabricated using economical FR4 

substrate having thickness h = 1.6 mm, εr = 4.3, and 

tan δ = 0.02 with overall size of 30 × 30 mm2. The 
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designed antenna has been simulated using 

method of moments based CAD FEKO simulator 

[14]. Standard SMA connector is used to fed this 

antenna. The fabricated antenna has been tested 

and measured results are found in close agreement 

with simulated results. First, single asymmetric Y- 

shaped antenna has been studied. This antenna 

offers broad impedance bandwidth of about 1.75 

GHz with CP response at 3.54 GHz, having 220 

MHz of axial ratio bandwidth. Further, additional 

asymmetric Y- shaped patch is added to yield dual 

band dual sense CP response with wide impedance 

bandwidth.   

II. DESIGN OF ASYMMETRIC Y-SHAPED

MICROSTRIP ANTENNA 

Fig. 1. Geometry of asymmetric Y-shaped 

microstrip patch antenna. 

Fig. 1 presents geometry of asymmetric Y- shaped 

microstrip patch antenna for circular polarized 

response. The antenna is fed by coplanar wave 

guide (CPW) technique. The lengths of Y- shape 

patch designated as L1 and L2 is calculated using 

equation (1) and (2) respectively, to form 

symmetrical Y- shaped MPA.  

re

L




4

0       (1) 

    
2

1
 r

re


      (2) 

In equations (1) and (2), λ0 is free space wavelength, 

εr is dielectric constant of substrate used and εre is 

the effective dielectric constant. The widths of Y- 

shaped patch and angle between the lengths L1 and 

L2 has been optimized using parametric analysis to 

improve CP performance of antenna. The length L2 

of Y- shaped antenna has been taken higher than L1 

to realize CP. However, the angle (θ) between 

lengths L1 and L2 has been varied to get optimum 

CP performance. The details of designed 

parameters of proposed antenna are given in Table 

1. 

Table 1: Design parameters of asymmetrical 'Y' -
shaped MPA and measured (Fig. 1) 

Parameter Value (mm) 

Lsub 30 

Wsub 30 

L1 13 

w1 2 

L2 18 

w2 2 

lf 14 

wf 3 

lg 13 

wg 13.2 

g 0.3 

θ 900 

(a)
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 (b) 

Fig.2. (a) Return loss (S11) (b) axial ratio 

characteristics of asymmetric Y- shaped MPA 

Fig. 2. depicts simulated return loss and axial ratio 

characteristics of asymmetrical Y- shaped MPA. 

The antenna offers 44.2% impedance bandwidth 

and 7.1% of axial ratio bandwidth. This 

asymmetric Y- shaped MPA covers Wi-MAX 

frequency band from 3.4–3.69 GHz. The detailed 

study of this antenna has been carried out using 

parametric analysis, by varying the lengths, widths 

and angle between the patches.  

A. Parametric Analysis of Asymmetric Y-shaped

MPA

         (a) 

      (b) 

Fig.3. (a) Return loss (S11) and (b) axial ratio 

characteristics of MPA with variation in L1 

Fig. 3 presents return loss and axial ratio 

characteristics of asymmetrical Y- shaped MPA for 

variation in length L1. The calculated value of 

length L1 using equations (1) and (2) is 13 mm, 

which is equal to quarter wavelength at center 

frequency of 3.5 GHz. As depicted in fig. 3 (b), for 

L1 = 13 mm, optimum axial ratio bandwidth has 

been realized. For lower value of length L1 

resonance frequency shifts towards higher side and 

realize dual band response as presented in Fig. 3(a). 

The parametric analysis has carried out for width 

w1. It has been observed that, for maximum value of 

w1 = 2.5 mm, axial ratio shifts to higher side and 

impedance bandwidth decreases as depicted in Fig. 

4. Therefore, an optimum value of w1 = 2 mm has

been selected.

(a)
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       (b) 

Fig. 4. (a) Return loss (b) axial ratio 

characteristics of variation of w1 

Fig. 5 and 6 depicts effect of variation of length L2 

and w2 on return loss and axial ratio characteristics 

respectively. To realize CP, length of L2 has been 

varied from 16 mm to 18 mm. It is studied that, for 

L2 = 18 mm, maximum impedance bandwidth of 

44.2% (1.76 GHz) and optimum CP performance 

has been realized. Similarly, for higher value of 

w2, optimum CP performance has been realized. 

However, lower impedance bandwidth has been 

realized with dual band response. It is also 

observed that, for lower value of w2, antenna does 

not exhibit CP performance. Therefore, optimum 

value of w2 = 2 mm has been selected to realized 

maximum impedance bandwidth and better CP 

performance.  

   (a) 

        (b) 

Fig.5. (a) Return loss and (b) axial ratio of variation 

of L2 

          (a) 

       (b) 

Fig.6. (a) return loss and (b) axial ratio of variation 

of w2 
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The CP characteristics are realized by selecting 

asymmetry in lengths of Y- shaped patch. 

However, it is observed that, by varying the angle 

between the Y- shaped patch, CP performance can 

be improved. The angle between the Y- shaped 

patch denoted as 'θ' has been varied from 600 to 

900. For the variation of specified range of angles,

antenna exhibits CP performance. For θ = 800,

maximum impedance bandwidth of 56% has been

realized. However, better CP performance has

been obtained for θ = 900 as depicted in Fig. 7 (a)

and (b). The impedance characteristics has been

also studied and it is observed that, a loop is

formed inside VSWR circle indicating there is

small parasitic coupling between lengths L1 and L2

due to gap created by angle 'θ', when excited by

CPW feed as presented in Fig. 8.

        (a) 

      (b) 

Fig. 7. (a) Return loss (b) axial ratio for variation 

of angle 'θ’ 

Fig. 8. Input impedance plot of asymmetric Y- 

shaped MPA 

The radiation characteristics and current 

distribution of asymmetric Y- shaped MPA has 

been depicted in Fig. 9 (a)-(d).  

(a)       (b) 

   (c)      (d) 

Fig. 9. (a) E-Plane (b) H-Plane Radiation pattern 

and (c) 00 d)900 surface current at 3.5 GHz 
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As presented in Fig. 9, this antenna offers left 

hand circular polarization (LHCP) at 3.5 GHz 

center frequency. The realized peak value of gain 

at 3.5 GHz is 1.47 dBi. The radiation property of 

this antenna can be verified by studying surface 

current presented in (c) and (d) for 00 and 900 

respectively. The surface current is rotating in 

clockwise direction indicating antenna exhibits 

LHCP. From surface current distribution it is also 

observed that, for 00, maximum current density 

lies inside length L2, whereas, for 900, L1 carries 

maximum current as CP field rotates through 

asymmetrical Y- shaped patch. 

III. DESIGN OF DUAL ASYMMETRIC Y-

SHAPED MICROSTRIP PATCH 

ANTENNA 

Fig. 10. Geometry of dual asymmetric Y- shaped 

MPA 

Fig. 10 depicts geometry of dual asymmetric Y- 

shaped MPA to realize dual band dual sense CP 

operation. To realize dual band dual sense CP, 

additional asymmetric Y- shaped patch has fed 

using microstrip line L3 at an appropriate location. 

The length L4 has been calculated using equations 

(1) and (2) for center frequency of 6 GHz. To

realize RHCP at higher frequency, length of L5 has

been taken smaller than L4. The length of ground

plane lg has been fine tuned to realize broad 

impedance bandwidth. The additional asymmetric 

Y- shaped patch has been fed using microstrip line

near length L2, as fringing fields are more due to

larger length of L2 as compared to L1. The novelty

of this research work is in independent tuning at

both CP resonating frequencies. Further, to

optimize performance of dual band dual sense CP,

parametric analysis has been carried out for L4, L5,

lg and vertical distance 's' of microstrip feed line L3.

The parameters of additional asymmetric Y- shaped

MPA is summarized in Table 2. All previous design

parameters are kept unchanged except length of

ground plane lg. To maintain the symmetry, the

width of L3, L4 and L5 has been taken as 0.5 mm.

Table 2: Design parameters of additional dual 
asymmetric Y- shaped MPA (Fig.10) 

Parameter Value (mm) 

L3 2 

L4 6 

L5 2 

s 0.75 

Fig. 11 presents effect of change of L4 on return loss 

and axial ratio characteristics. It was observed that, 

for higher values of L4, antenna exhibits dual band 

resonance response. Similarly, in case of axial ratio, 

CP frequency varies from higher side to lower side 

as L4 varies from 5 mm to 8 mm, while the axial 

ratio at lower frequency remains unchanged. This 

describes the novelty of proposed research work of 

independent tuning of lower and higher CP 

frequencies.  

(a)
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      (b) 

Fig. 11. (a) Return loss and (b) axial ratio 

characteristics of variation of L4 

       (a) 

     (b) 

Fig. 12. (a) Return loss (b) Axial ratio 

characteristics of effect of L5 

The iterations of length at different values have 

been simulated and it has been observed that, 

variation of length L5, does not have significant 

impact on antenna performance. However, slight 

change in return loss and axial ratio frequency has 

been observed as presented in Fig. 12. It has been 

studied and observed that, the vertical location 's' of 

microstrip line L3 has significant impact on return 

loss characteristics as depicted in Fig. 13. The value 

of vertical location 's' has been varied from s = 0, 

0.25 and 0.75 mm and for s = 0.75 mm, antenna 

exhibits broadband resonance response. For the 

similar variations of 's', axial ratio slightly reduces 

towards lower frequency. 

        (a) 

(b) 

Fig. 13. (a) Return loss and (b) axial ratio 

characteristics of change in 's' 
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Fig. 14 depicts effect of length of ground plane on 

return loss and axial ratio characteristics. To study 

the effect of ground length variations, the value of 

ground length lg has been varied from 8 mm to 11 

mm. For lower values of ground length antenna

exhibits dual band response. As the length of

ground plane increase to 11 mm, antenna realizes

broadband response with nearly 65% impedance

bandwidth. For lg = 10 and 11 mm, antenna

exhibits CP response. However, optimum CP

response has been realized for lg=11mm.

      (a) 

     (b) 

Fig. 14. (a) Return loss (b) axial ratio 

characteristics of variation in lg. 

As additional asymmetric Y- shaped patch has 

been used near length L2, there exist a small 

parasitic coupling between L2 and L4.  

This can be verified by studying the impedance loop 

as shown in Fig. 15. Two small closed loops inside 

VSWR circle has been formed indicating parasitic 

coupling between L1 - L2 and L2 - L4 respectively. 

Fig. 15. Impedance plot of dual asymmetric Y- 

shaped MPA 

Fig. 16. Measured radiation pattern reported in [13] 
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(a) E-Plane (b) H-Plane

(c) E-Plane (d) H-Plane

Fig. 17. Radiation pattern of proposed dual 'Y' 

shaped MPA (a-b) 3.5 GHz and (c-d) 4.9 GHz 

Fig. 16 presents measured radiation pattern 

reported by chen and Zhang [13]. Fig. 17 

represents simulated radiation pattern of proposed 

dual Y- shaped MPA. The pattern describes the 

radiations are in LHCP in + z direction for lower 

frequency band and RHCP at higher frequency 

band in + z direction. Thus, realizing dual band 

dual sense CP operation. The radiations at both the 

frequencies are in broadside directions with 

maximum gain of 1.47 dBi at lower frequency and 

1.33 dBi at higher frequency. It has been observed 

that, the radiation at higher frequencies is slightly 

tilted. This may be because of asymmetry in Y- 

shaped structure designed to realize higher 

frequency. The simulated radiation pattern of 

proposed antenna has been compared with 

measured radiation pattern reported in [13] for 

experimental validation and comparison between 

proposed antenna and previously reported antenna 

structure exhibiting similar dual band dual sense 

characteristics. It is observed that, measured 

radiation pattern reported in [13] exhibits RHCP 

at 3.0 GHz and LHCP at 4.8 GHz with gain of 3.0 

and 1.4 dBic respectively. Whereas, proposed 

antenna structure exhibits LHCP at 3.5 GHz and 

RHCP at 4.9 GHz with gain of 1.47 and 1.33 dBi 

respectively. As mentioned in [13], the cross 

polarization level is below 24 and 25 dB for lower 

and higher frequencies respectively. Whereas in 

proposed antenna structure, cross polarization is 

below 20 dB for lower and higher frequency. This 

difference in cross polarization may be due to larger 

ground plane in proposed antenna design. The 

surface current distribution of proposed antenna is 

presented in Fig. 18. At lower frequency rotation of 

current is in clockwise direction and at higher 

frequency rotation is in anti-clockwise realizing 

LHCP and RHCP respectively. 

(a) 00 (b) 900

(c) 00 (d) 900

Fig. 18. Surface current (a-b) 3.5 GHz, (c-d) 4.9 GHz 

IV. EQUIVALENT CIRCUIT ANALYSIS OF

PROPOSED ANTENNA 

The theoretical analysis of proposed CPW fed dual 

asymmetric Y-shaped antenna has been prepared 

and its transmission line equivalent circuit is 
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presented in Fig. 19. In this analysis, the 

asymmetric single Y-shaped and dual Y-shaped 

antenna and its equivalent circuit parameters are 

analyzed and calculated. The CPW transmission 

line model is prepared which acts as impedance 

matching line. The proposed CPW line is 

modelled and represented by two series inductors 

LML1 and a shunt capacitor CML1 respectively [15]. 

The single asymmetric Y-shaped patch is 

modelled as parallel R, L, C circuit. The patch, L1, 

w1 and L2, w2 are represented as L1, C1, R1 and L2, 

C2 and R2 and their values are calculated using 

equations (3) and (4) respectively [3]. The 

calculated values for L1 and C1 is 1.21 μH and 1.72 

× 10-15 F respectively. Similarly, 1.68 μH and 1.24 

× 10-15 F are the values calculated for L2 and C2 

respectively.  

There exists a parasitic capacitance between two 

asymmetrical lengths of single Y-shaped patch 

which is calculated using equation (5) [15-16]. 

The obtained value of parasitic capacitance 

between single asymmetric Y-shaped patches is 

Cp1 = 47.59 pF.     

1 2

1 0

1
L

C
           (3) 

 1 2

0

2 rw
C

Lh




       (4) 

0p r

w
C

h
      (5) 

In equations (3) - (5), ω0 is angular frequency, w 

is width of asymmetric Y-shaped patches, L is 

length of respective patch, h the substrate 

thickness, εr relative permittivity of substrate and 

ε0 = 8.854 × 10-12 F. Similar analysis has been 

carried out for another asymmetrical Y-shaped 

patch, in which length L3 is modeled as 

transmission line equivalent circuit and 

represented by LML2 and CML2, patches L4 and L5 

are modelled as L3, C3, R3, and L4, C4, R4 

respectively. The calculated values are C3 = 3.76 

× 10-16 F, L3 = 2.23 μH, C4 = 1.12 × 10-15 F and 

L4 = 0.75 μH. The parasitic capacitances between 

length L4 - L5 and between L2 - L4 is estimated 

using equation (5) and calculated as Cp3 = 11.89 

pF and Cp2 = 29.74 pF respectively. 

Fig. 19. Equivalent circuit of asymmetric dual Y-

shaped MPA 

V. EXPERIMENTAL VERIFICATION AND

DISCUSSION 

The proposed antenna samples with optimized 

dimensions is fabricated and tested using FieldFox 

N9916A vector network analyzer (VNA). The 

fabricated prototypes are depicted in Fig. 20. The 

simulated and measured return loss characteristics 

of asymmetric Y- shaped and dual Y- shaped 

antennas are compared and presented in Fig. 21 

with experimental setup in inset.  

(a) (b) 

Fig. 20. Fabricated prototypes (a) Asymmetric Y- 

Shaped MPA (b) Asymmetric dual Y- shaped MPA 
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The measured impedance bandwidth is 40% (1.6 

GHz) and 60% (2.75 GHz) for asymmetric single 

Y- and dual Y- shaped microstrip patch antennas

respectively. The simulated and measured results

of return loss characteristics are in close

agreement. The S11 magnitude of measured result

is slightly less than simulated. This may be

because of fabrication tolerances. The antenna

realizes broadband response covering Wi-MAX

(3.4-3.69 GHz), WLAN (5.15-5.35 GHz and

5.725 – 5.825 GHz) wireless application services.

(a) Single Y-shaped microstrip patch antenna

(b) Dual Y-shaped microstrip patch

antenna 

Fig. 21. Comparison of simulated and measured 

return loss characteristics with experimental setup 

in inset (a) Single Y- shaped MPA (b) Dual Y- 

shaped MPA 

The proposed research work has been compared 

with previously reported work of dual band dual 

sense circularly polarized microstrip antennas. 

This comparative analysis has been presented in 

Table 3. 

Table 3: Comparison of present work with previously 
reported research work 

Par
am
eter 

Siz
e 

(m
m2) 

ARBW 
(%) 

Imp.B
W (%) 

CP 
freq. 
ratio 

Pol. 

Gain 

(dBic/dBi) 

Ref
. 

Lowe
r 

Hi
gh
er 

L
o
w
er 

Hig
her 

Lo
we
r 

Hig
her 

Lo
we
r 

Hig
her 

[4] 
50×
50 

55 
29
.3 

111 2.2 
RH
CP 

LH
CP 

4.2 3.4 

[9] 
60×
50 

11.6 
5.
86 

55.18 1.25 
RH
CP 

LH
CP 

3.0
5 

1 

[11] 
60×
50 

37.4 
16
.3 

3
8.
8 

27.
5 

1.83 
RH
CP 

LH
CP 

4.3 3.3 

[13] 
60×
50 

28.4 
26
.3 

1
8.
3 

23.
7 

1.8 
RH
CP 

LH
CP 

3 1.4 

Pro
pos
ed 
Wo
rk 

30×
30 

4.57 
4.
27 

60 1.4 
LH
CP 

RH
CP 

1.4
7 

1.3
3 

*BW = bandwidth, Imp = Impedance

VI. CONCLUSION

In this research work, dual band dual sense 

circularly polarized microstrip patch antennas are 

designed, simulated and tested. New designs of 

asymmetric single and dual Y- shaped structure 

are proposed to realize dual band dual sense 

circular polarization. The antenna exhibits 

broadband response having 40 % and 60% of 

measured impedance bandwidth for single and 

dual asymmetric Y- shaped patches respectively. 

The antenna also offers independent frequency 

tuning of circular polarization at 3.5 GHz and 4.9 

GHz frequencies. The radiation patterns of 

antennas are in broadside direction with peak gain 

of 1.47 dBi and 1.33 dBi. The measured and 

simulated results are compared and found in close 

agreement with each other.  
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The transmission line equivalent circuit for 

proposed antenna structure is presented and 

analyzed. The proposed antenna structure can be 

useful for various wireless service such as 

WLAN, Wi-MAX and vehicular 

communications.  
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