
telecontrolli Application Note

1

Antenna Design Considerations

Introduction:

In Low Power Wireless Systems, good Antenna
design is required to realize good range
performance. Without an antenna it is impossible
to transmit data over a long distance range.
Undeniably, of all the elements in a wireless
systems, the Antenna is the most difficult to design
and optimize.

In addition, an antenna’s performance is closely
dependent on  variables such as the dielectric
constants, proximity to other components, and
materials properties.
Finally, antenna measurement and
characterization requires sophisticated and
expensive test equipment, which may not be
readily available.

This Application Note illustrate the most popular
antenna’s type utilized in Low Power Wireless
Systems, and should help to achieve effective
antenna design.

1 – Whip Antenna

The simplest antenna is the “Whip” antenna. These
antennas are commonly used in applications
where range is important and are also very easy to
design and tune.
Whip antenna is a quarter wavelength straight wire
or rod (Fig.1) connected directly to the Antenna pin
of RX/TX. The length of a resonant quarter
wavelength whip antenna may be calculated from
the following formula:

L(cm) =  7500 / Freq.(MHz)

At 433.92 MHz, one quarter of wavelength is
17cm..

This formula is only a starting point since the length
may be shorter if the whip is overly thick or wide, or
have any kind of coating. It may need to be longer if
the ground plane is too small.
These antennas are easy to tune, simply by slight
changes in length.
If the antenna is installed remotely from the
Receiver/Transmitter module, a 50Ω coaxial cable
can be used (Fig.2).

The shielding of the cable should be soldered to the
ground near the antenna pin.
The whip can be made also as a trace on a PCB
Board (Fig.3).

The length of the trace may be 10% to 20% shorter
than calculation, depending on the dielectric and the
thickness of the board. If the unit is to be handheld,
the antenna can be made a little shorter, to
compensate for the effect of the hand.

Keep the antenna trace away from other circuitry
and ground (5mm or more).
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2 – Helical Antenna

A helical antenna is a wire coil usually wound from
steel, copper, or brass (Fig.4).

Because a helical has a high Q factor, its
bandwidth is very narrow and the spacing of the
coils has a pronounced effect on antenna
performance.
The number of turns on the coil will depend on wire
size, coil diameter, and turn spacing. The numbers
of turns can be determined empirically by taking a
excessively long coil and tuning it by clipping until it
is resonant at the desired frequency. The coil can
be fine tuned by spreading or compressing the
length of the coil.
For 433.92 MHz use 17 turns of  1.0 mm enameled
copper wire close wound on 5.0 mm diameter
former, L = 30 mm

The big problem with this antenna is that it can be
easily detuned by nearby objects, including a
hand, so it may not be good for handheld use.

3 – Loop Antenna

Loop antenna find application mostly at the
transmitter, especially where ruggedness, size,
and ease of construction are required.
The loop antenna is a PCB track: one end is
grounded and the other and is connected to TX/RX
via a capacitor (Fig.5). The capacitor is used to
tune and match the antenna.

One advantage is that the loop is not easily detuned
by hand effects and is not ground plane dependent.
For these reasons, loops are very common in
handheld transmitter such as garage door openers,
car alarm, etc.
When you design the loop antenna, make the loop
as large as possible, because small loop have poor
gain and have a very narrow bandwidth. This makes
the tuning extremely critical. Tuning is often done
with a variable or a fixed capacitor.

4 –Comparison of Antenna Types

To summarize, whip antenna are physically larger
structures, intended for applications which demand
the best range. Whip antennas are also by far the
easiest antennas to design and apply.

Helical antennas are a good compromise, especially
where small size is important. The resulting
assembly generally can be completely enclosed,
and made quite compact. Helical antennas are more
difficult to set up and optimize than whip antennas,
since the antenna’s characteristics are strongly
influenced by nearby objects.

Loop antennas provide the poorest range of the
three antenna considered.

Comparison Table:

Parameter Loop Helical Whip

Design Simplicity * ** ***

Range * ** ***

Size ** *** *

Immunity Proximity effects *** * **

Overall Performance * ** ***

*** =  Best Relative Performance
* =  Worst Relative Performance

Fig.4
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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 

 

` 



 

 

 

 

 
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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