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Abstract: 
In this work, a simulated study was carried out for designing a novel spiral rectangular patch of 

microstrip antenna that is used in ultra-wideband applications by using a high frequency structure simulator 

software (HFSS). A substrate with dielectric constant of 4.4 and height 2.10 mm (commercial substrate 

height available is about 0.8-1.575 mm) has been used for the design of the proposed antenna. The design 

basis for enhancing bandwidth in the frequency range 6.63 - 10.93 GHz is based on increasing the edge areas 

that positively affect the antenna's efficiency. This design makes the designed antenna cost less by reducing 

the area of the patch. It has been noticed that the bandwidth of the antenna under this study is increasing to 

4.30 GHz or 61% compared with 3.6% for the standard rectangular microstrip antenna with the same 

dimensions of the proposed antenna. The antenna also maintains the voltage standing wave ratio of 1.09 at 

resonant frequency 7.07 GHz, return loss -27.07 dB, and the amount of impedance in real and imaginary 

parts 51.5Ω and 3.3Ω, respectively. 
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Introduction: 
In the microwave frequency range, one of 

the most widely used types of antennas for wireless 

systems and radio frequency applications are the 

microstrip antennas (MSAs) due to their low cost 

and compact design (1,2). Basically, MSAs are 

composed of a radiating conductive patch located 

on the top of the dielectric substrate layer with 

thickness h. This substrate layer is fixed on a good 

conductor of ground plane. The dielectric substrate 

has relative permittivity and permeability ϵr and μr, 

respectively, as shown in Fig. 1 (3). 

Generally, the metallic material such as gold or 

copper is used to formulate the conducting patch. 

The metallic patch may be of various shapes, the 

most common shapes are rectangular and circular 

(4). MSAs have attracted much interest in satellite 

applications and wireless mobile communication, 

because of their small size, low profile, low cost on 

mass production, light weight, and easy integration 

with the other types of components (5,6). However, 

this kind of antennas has narrow bandwidth where 

the typical impedance bandwidth is less than 1%, 

which represents the main serious limitations of 

MSAs. Also, the typical gain of an individual MSA 

is about 6 dB. Importantly, to increase the 

bandwidth of the MSA, there are many approaches 

that can be implemented. One of these approaches 

has been used by perturbing the mode of higher 

order using interpolating surface modification into 

the geometry of patch (7,8). 

 

Figure 1. Geometry of MSA: (a) side view and 

(b) top view (3). 

 

The wireless transmission scheme that 

occupies more than 500 MHz or over 20% of 

absolute bandwidth is defined as ultra-wideband 

(UWB) system. UWB is a relatively new 

technology which is capable of high-speed data 

transmission, as well as achieving high-resolution 

ranging (9). Since the first UWB Report which is 

adopted and ordered on February 14, 2002 from 
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United States Federal Communications Commission 

(FCC), the interest from academics and the market 

place has increased basically in UWB technology. 

The expectation from this interest will solve the 

shortage of the available frequency resources by 

using the UWB. Also, the higher data throughput 

can represents potential by UWB (10). In 2002, the 

FCC of the United State released the spectrum 

frequency of UWB 3.1 to10.6 GHz (11). The radio 

systems of UWB are attractive for scientists and 

engineers, because these radio systems have many 

attractive features like flexibility, extremely high 

data-rate, high mobility etc. (12,13). 

A comprehensive review of the design and 

analysis of wideband and UWB antennas 

concerning the materials, the geometry, the 

numerical methods, and manufacturing technologies 

has been introduced for wireless applications (14). 

An innovative dual band-notch monopole antenna 

has been studied for UWB applications. This 

antenna reveals 3.0-12.5 GHz of the frequency 

bandwidth (15).The designing of UWB antenna 

attracted more researchers to study the elimination 

of any interference from narrowband wireless 

applications. For this purpose, they have used multi-

patches, multi-layered and differently shapes of slot 

in the ground plane, feed and patch (16–20). In 

particular, a compact design for multiband in UWB 

frequency spectrum has been designed and it gave 

reasonable gain with good radiation characteristics 

(21). A novel UWB miniaturized integrated antenna 

has been designed based on implementing the new 

capacitive and inductive components to provide 

good radiation properties, bandwidth extension and 

size reduction (22). Bakariya et al. presented a 

rectangular patch with two bevels in UWB 

applications with a stable gain and omnidirectional 

radiation pattern (23). Further, a triple-notch UWB 

monopole antenna is presented using Koch structure 

and T-shaped stub (24). In addition, a microstrip 

line-fed UWB antenna was designed using a 

truncated ground plates and a slot to achieve 117% 

of the fractional bandwidth (25). A wide impedance 

bandwidth of a MSA has been simulated based on a 

novel design with multi-forked patch, with Arlon 

AD320A (tm) dielectric. Also, the resonance 

frequency was10.31 GHz and 114% of impedance 

bandwidth value, and this bandwidth is quite useful 

for X-band applications in fields of satellite, mobile, 

radio location, etc. (26). 
In this paper, a spiral shape is proposed as a 

new patch of MSA to be a candidate for use in 

UWB applications at resonant frequency 7.07 GHz 

and matched with 51.5 Ω. In addition, this study 

was carried out to optimize the dimensions of the 

proposed antenna in UWB frequency spectrum.  

Antenna Design: 
In this work, the authors have presented 

radiation due to the proposed antenna that is 

simulated and designed using the software of high 

frequency structure simulator (HFSS). This 

software is used for solving problems of 

engineering and mathematical physics based on the 

finite element method and method of moment based 

on integral equation solver (27). In fact, the present 

paper shows that the antenna design is useful for 

UWB applications.  

The very common technique used for 

feeding MSAs is a coaxial feed. To get the input 

impedance matching in this excitation technique, 

the desired location of the coaxial feed can be 

obtained by placing this feeder at any position 

inside the patch, and this is the main advantage of a 

coaxial feed (28). Therefore, the coaxial feed is 

used for feeding this designed antenna. The point of 

the feed location and the dimensions for the 

proposed antenna has been optimized so as to get 

the better possible impedance match to the antenna. 

The feed location was selected for a 51.5 Ω typical 

impedance, based on the matching process, to be 

xf = 4.2 mm and yf = 0.25 mm. The radii of the 

outer and inner of the coaxial probe are ro =
2.5 mm and ri = 0.5 mm, respectively.  

The process design of a new patch of MSA 

included the dimensions of the length and width of 

the patch, new spiral shape patch and location of the 

feed point, as illustrated in Table 1. 

 

Table 1. Dimensional parameters of the 

proposed spiral patch. 

Parameters Dimensions (mm) 

L1 18.0 

L2 15.0 

L3 14.0 

L4 10.5  

L5 10.0 

L6 6.0 

L7 5.5 

L8 2.0 

T 2.5  

 

The design of rectangular MSA with the 

standard dimensions is calculating the width (𝑊𝑠) 

and length (𝐿𝑠) for a resonant frequency (𝑓𝑜 ) in 

GHz as (29): 

 

𝑊𝑠 =
𝑐

2𝑓𝑜
× (

2

𝜀𝑟 + 1
)

−1

                          …       1  

𝐿𝑠 =
𝑐

2𝑓𝑜
(𝜀𝑒𝑓𝑓)

−1/2
− 2∆𝐿𝑠                    …       2  

The values of effective dielectric constant (𝜀𝑒𝑓𝑓) 

and length extension have been calculated using: 
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𝜀𝑒𝑓𝑓 =
𝜀𝑟 + 1

2
+

(𝜀𝑟 − 1) (1 + 12
ℎ

𝑊𝑠
)

−1/2

2
  …   3  

∆𝐿𝑠 = 0.41ℎ ((𝜀𝑒𝑓𝑓 + 0.3)(𝜀𝑒𝑓𝑓 − 0.258)
−1

) ∗

            ((
𝑊𝑠

ℎ
+ 0.264) (

𝑊𝑠

ℎ
+ 0.8)

−1
)                …   4   

 

where c is the light velocity. The dimensions of the 

ground plane conductor are similar to the dielectric 

substrate dimensions. The dielectric substrate has 

the thickness of h = 2.10 mm, a dielectric constant 

is εr = 4.4, and the length and width of the 

substrate are 𝐿𝑠 = 21.00 mm and 𝑊𝑠 = 25.00 mm, 

respectively. 

The new shape of the patch consists of eight 

parts in the form of a rectangular with dimensions 

(T, Ln) and they are connected to each other, where 

n=1,2,…,8. Figure 2a illustrates the antenna 

structure from the top, while Fig. 2b  describes the 

side view of the proposed antenna. The dimensions 

of the patch of this antenna are illustrating in Table 

1 at operating frequency 7.07 GHz. 

  
(a)                                                                             (b) 

Figure 2. Geometric design and dimensions of the proposed antenna: (a) top view and (b) side view. 

 

Results and Discussion: 

This paper presents the simulated results of 

the proposed antenna that is obtained by using 

HFSS software 13.0, its development and 

performance are based on these simulated results. 

The results of the parameters of the proposed 

antenna at operating frequency 7.07 GHz are return 

loss -27.07 dB, impedance bandwidth 4.30 GHz or 

61%, and voltage standing wave ratio (VSWR) 1.09 

as shown in Figs. 3 and 4, respectively. Therefore, 

the designed antenna is helpful for many services 

processes at C- and X-band frequency applications. 

 
Figure 3. Simulated return loss of proposed antenna. 
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Figure 4. VSWR simulation of the proposed antenna. 

 

However, Fig. 5 shows that the impedance 

bandwidth of the standard rectangular microstrip 

antenna (RMSA) is 3.6% with the same antenna 

dimensions (i.e. rectangular patch instead of a spiral 

rectangular patch). Therefore, this antenna is 

suitable for 6.63 -10.93 GHz band. In Fig. 6, the 

simulated input impedance is showed, which 

consists of resistance and reactance, at the 

operation frequency the input impedance of this 

antenna shows 51.5 Ω and 3.3 Ω as real and 

imaginary parts, respectively. By comparing the 

results of Figs. 3 and 5, the impedance bandwidth of 

the proposed antenna is 57.4% more than the 

impedance bandwidth of standard RMSA with the 

same antenna dimensions. 

 
Figure 5. Simulated return loss of RMSA. 

 

 
Figure 6. Simulated input impedance of the proposed antenna. 
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Figure 7 shows the radiation patterns in three 

dimensions of the proposed antenna, for lower, 

resonance, and upper frequencies, respectively. The 

properties of the radiation patterns, over the 

working frequency bandwidth, are reasonably 

constant of the proposed antenna. Figure 8 shows 

the electric and magnetic fields distribution on the 

proposed antenna at resonance frequency 7.07 GHz. 

 

            

 
 

Figure 7. Radiation patterns of designed antenna in 3D: (a) f=6.63 GHz, (b) f=7.07 GHz, and, (c) 

f=10.93 GHz. 

 

  
Figure 8. Simulated (a) electric, and (b) magnetic fields distribution on the proposed antenna. 

 

Conclusion: 
It can be concluded that the use of a spiral 

shape as a new patch of MSA makes the proposed 

antenna suitable for operating in UWB applications 

with frequency range 6.63 -10.93 GHz. The 

parameters of the designed antenna at operating 

frequency 7.07 GHz are -27.07 dB of return loss, 

61% of impedance bandwidth, and 1.09 of VSWR. 

This design makes the antenna cost less by reducing 

the area of the patch. The proposed antenna has 

wide impedance bandwidth that is located within C- 

and X-band. C-band is particularly used for satellite 

communications, weather radars and full-time 

satellite TV networks or raw satellite feeds. 

However, X-band MSAs are widely used for point-

to-point like as industrial scientific medical, 

imaging radar satellite communication, on air 

traffic. 
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 تصميم هوائي شريطي مشع لتطبيقات النطاق الترددي العريض الفائق

 

وائل عبد اللطيف كديمي الطعمه
 

رائد مسلم شعبان  
  

زكي عبد الله احمد   
  

 

 
 البصرة، البصرة، العراق. جامعة العلوم، كلية الفيزياء، قسم

 

 الخلاصة:
شريطي مع رقعة مستطيلة لولبية جديدة والذي يسُتخدم في تطبيقات النطاق  في هذه الدراسة، أجريت دراسة محاكاة لتصميم هوائي

 high frequency structure simulator software)الترددي العريض الفائق وباستخدام برنامج محاكاة التراكيب عالية التردد 

(HFSS))  تصميم الهوائي المقترح. أن أساس التصميم يستند ملم ل 2.10وارتفاع  4.4. تم استخدام شريحة عازلة بقيمة ثابت عزل يساوي

كيكاهرتز من خلال زيادة مناطق الحافة للمشع والتي تؤثر إيجاباً  10.93 - 6.63على زيادة عرض النطاق الترددي ضمن الحزمة الترددية 

لاحظنا أن عرض النطاق الترددي للهوائي  .على كفاءة الهوائي. أن هذا التصميم يجعل تكلفة تصميم الهوائي اقل من خلال تقليل مساحة المشع

٪ الناتجة عن الهوائي الشريطي المستطيل القياسي مع نفس 3.6٪ مقارنةً بالنسبة 61كيكاهرتز أو ما يعادل  4.30في هذه الدراسة يزداد إلى 

 1.09وهي  (voltage standing wave ratio)أن الهوائي المقترح حافظ على نسبة موجة الفولتية القياسية الواقفة  أبعاد الهوائي المقترح.

أوم ،   3.3أوم و   51.5ديسبل، وان قيمة الجزء الحقيقي والخيالي للممانعة هي   27.07كيكاهيرتز، وعامل الفقد   7.7 عند التردد الرنيني 

  على الترتيب.

 
 .، عرض نطاق الممانعة، الهوائي الشريطي، عامل الفقد، النطاق العريض الفائق HFSS  المفتاحية الكلمات

 


