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Abstract—In this paper, a low-cost ultra-wideband microstrip
antenna is presented. The antenna is based on a 1.6-mm-thick
FR4 substrate, is microstrip-line fed and has a partial ground
plane. The return loss is more than 10 dB in the 1.9−13.5
GHz frequency range. Possible applications include 3G, Wi-Fi,
WiMAX, and UWB applications. The gain results and pattern
plots of the antenna are included in the paper.

Index Terms—Microstrip antennas, PCB antennas, UWB.

I. INTRODUCTION

Printed microstrip antennas have received increasing at-
tention in satellite and communications applications because
of their low profile, small size, light weight, low cost and
ease of fabrication [1]. Their simple feed methods, especially
microstrip-line and coplanar waveguide (CPW) feeds, make
them compatible with wireless communication integrated cir-
cuitry.

Microstrip antennas, however, have inherently narrow band-
widths and, in general, are half-wavelength structures operat-
ing in the TM01 and TM10 fundamental resonant mode [2].
Techniques to overcome the problem of narrow bandwidth and
shrink the size of microstrip antennas were discussed in [3].

The PCB antenna presented in [4] operates over the 3.4−11
GHz band, taken for |S11| < −10 dB. The authors used
three techniques for good impedance matching: slots made
to the rectangular patch, a tapered connection between the
rectangular patch and the feed line, and a partial ground plane
flushed with the feed line. Partial ground planes were also
used in [5], where patches of elliptical and modified elliptical
shapes were used and the antenna was top-loaded. Therein, the
authors reported an impedance bandwidth of 8.2 GHz in the
2.4−10.6 GHz range, but for VSWR < 2.5. The bandwidth is
much smaller for VSWR < 2, especially for the design with
the small ground plane.

In this paper, we present a microstrip-line-fed PCB antenna
based on a modified circular patch, and a partial ground plane.
The obtained impedance bandwidth is 1.9−13.5 GHz for
|S11| < −10 dB, making this antenna suitable for applications
spanning 3G, 802.11a/b/g/n, Bluetooth, wireless CCTV and
video links, WiMAX, and applications in the UWB 3.1−10.6
GHz band.

II. ANTENNA CONFIGURATION

The antenna geometry is shown in Fig. 1. The FR4-based
board is 1.6 mm in thickness. The feed line is 22-mm long
and 3-mm wide. The radius of the modified circular patch
is 19.2 mm. The cropped edges of the patch are 30-mm
apart. The ground plane is 5-cm wide and is flushed with
the feed line. The part of the patch bounded by the cropped

Fig. 1. Antenna Structure.

edges acts like a rectangular patch, which is relayed to the
feed line via a ”tapered” connection, thus providing better
impedance matching. The remaining round-edged part also
helps to improve the bandwidth.

Fig. 2. Simulated return loss of the antenna.

III. RESULTS AND DISCUSSION

The antenna was designed and simulated using ADS Mo-
mentum [6], which is based on the method of moments. The
computed return loss in the 1−15 GHz frequency range is
shown in Fig. 2. A return loss below −10 dB is witnessed
over the 1.9−13.5 GHz band. The actual return loss of the
antenna fabricated on a 5×7 cm2 substrate was measured using
Agilent’s E5071B network analyzer, which operates in the
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Fig. 3. Comparison of simulated and measured S11.

300 KHz−8.5 GHz frequency range. A comparison between
computed and measured S11 in the range 1−8.5 GHz is shown
in Fig. 3. At lower frequencies, good agreement is observed
between simulation and actual results. The actual return loss
is higher at frequencies in excess of 5 GHz.

The computed radiation patterns in the X−Z and Y−Z
planes, for 1.9, 2.4, 3.5, 5, 8 and 11 GHz, are depicted in
Fig. 4. It is important to note that ADS Momentum assumes
an infinite substrate. This justifies the nulls present in the

Fig. 4. Normalized radiation patterns of the antenna in X-Z plane (thick line)
and Y-Z plane (thin line): (a) 1.9 GHz (b) 2.4 GHz (c) 3.5 GHz (d) 5 GHz
(e) 8 GHz (f) 11 GHz.

TABLE I
ANTENNA GAIN.

Frequency (GHz) Gain (dB)
1.9 2.88
2.1 3.12
2.4 3.51
3.0 3.29
3.5 3.62
4.0 3.76
5.0 1.07
6.0 1.84
8.0 0.53
10.0 5.72
12.0 5.28

X−Z radiation patterns for the ±900 elevation angles . In
reality, the patterns in the X−Z plane are omnidirectional.
The simulation patterns are consistent and vary little over the
frequency band, especially for frequencies below 10 GHz. The
maximum gain of the antenna is given in Table I for a group
of frequencies. The gain variation is less than 1 dB between
1.9 and 4 GHz, and less than 0.5 dB between 10 and 12 GHz.
The gain dropped to about 0.5 dB at 8 GHz.

Fig. 5. Photo of the antenna fabricated on a 5×7 cm2 substrate.

IV. CONCLUSION

In this paper, we presented a low-cost PCB antenna covering
the 1.9−13.5 GHz frequency span. The antenna was fabricated
on a 1.6-mm-thick FR4 substrate with dimensions 5 cm × 7
cm. The return loss was measured in the 1−8.5 GHZ range
and showed a reasonable agreement with the simulation result.
The radiation patterns in the X−Z plane were consistent across
the antenna’s band. The variation in the maximum gain was
less than 3 dB in the 1.9−6 GHz range and less than 6 dB
in the 1.9−11 GHz range. The demonstrated antenna can be
used for many applications including 3G, Wi-Fi, WiMAX, as
well as UWB applications.
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专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com  

 

射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训课程列表：http://www.edatop.com/peixun/rfe/129.html 

 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 
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专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com 

CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 
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