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It is well known that in a cellular network, mobile phones have
considerably lower transmittal power than the transmitters of
the base stations.   This means that the transmission from the
mobile phone to the base station (uplink) is much more unfavor-
able in relation to the transmission from the base station to the
mobile phone (downlink).  To compensate this, a way of im-
proving the quality of reception at base stations had to be found.

Due to the multi-path signal propagation of radio signals, which
occurs in urban areas, so called Space Diversity Reception has
been introduced which provides the best results in the field.

Space Diversity Reception is based on the following
idea:

The signal transmitted by a mobile phone is reflected in the
propagation field and reaches the base station via different paths
and phase angles.  As a result, the signal at the base station
receiving antenna is the sum or various vectors with different
amplitudes, phases and polarizations.  If two receiving antennas
are separated horizontally from each other, (preferable to verti-
cal separation), then it is highly likely that one of them will
provide the required signal strength (principle of uncorrelated
signals).  A logic unit ensures that the higher signal  level of the
two receiving antennas is fed into the receiving systems.

Depending on the characteristics in the propagation area, the
use of a Space Diversity Receiving System will produce a diver-
sity gain of 3 to 5 dB, as compared to using only one single
receiving antenna.

Fig. 1: Sector antenna system using Space Diversity
Reception - 3 antennas, 3 feeders
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The space diversity antenna configuration certainly provides
good electrical results, but the number of antennas required is a
negative factor with regard to the resulting optical appearance,
the increased space requirements and the greater amount of me-
chanical hardware and feeder cables needed.

In view of the difficulties getting construction permits from the
authorities concerned and  approval from property owners for the
installation of antenna systems, an advanced system with a low-
level optical impact had to be found.

Fig. 2: Sector antenna system with Polarization Diversity
Reception - 2 antennas, 3 feeders
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Fig. 3: Sector antenna system with Polarization Diversity
Reception using a duplex filter
1 antenna, 3 feeders, 1 duplexer
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It can generally be said, that the isolation between neighboring
transmitting antennas, as well as between a transmit and a re-
ceive antenna must amount to at least 30 dB in order to avoid:

● interfering intermodulation products
● blocking of the receivers
● the activation of the transmitter’s VSWR monitoring system

by an adjacent transmitter

Dual Polarized Base Station Antennas
For Polarization Diversity Systems
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Dual Polarized Base Station Antennas
For Polarization Diversity Systems

This requirement for 30 dB isolation also applies to dual-polar-
ized antennas. Initially dual-polarized antennas with horizontal
and vertical polarization were preferred since this antenna
concept easily provides the required 30 dB isolation figure
between the horizontally polarized system and the vertically
polarized system.

Practical results with horizontal / vertical dual-polarized
antennas are fairly positive.  However, there is also a weakness.

Since the mobile antennas (i.e. on cars or mobile phones) mainly
operate in a vertically polarized mode, the propagation efficiency
is more favorable to the vertical system of a horizontal/vertical
dual-polarized base station antenna than to the horizontal system.
Thus horizontal polarization is not really suitable for transmit-
ting purposes.

However, with +45°/-45° dual-polarization antennas, both sys-
tems are equivalent with respect to their propagation efficiency.
The two systems can therefore be used with good results for
transmit and receive applications. Furthermore, this antenna con-
cept allows simultaneous transmission from two transmitters with-
out the use of a transmitter combiner.

Fig. 4: X-polarized antenna for 2 transmitting and
2 receiving channels
1 antenna, 2 feeders, 2 duplexers
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Isolation figures for various antenna arrangements are available
from Kathrein Scala Division.

Radiation patterns and half power beam widths of
X-pol antennas:

Vertically or horizontally polarized antennas show constant po-
larization regardless of the azimuth angle from which the an-
tenna is observed.

This concept is easy to understand if one considers the angles of
orientation when a slanted dipole is viewed from different per-
spectives.

A dipole, which is set at a slant of +45° when viewed from the
front, will appear to be vertically polarized when viewed from
the side and will then appear at a slant of -45° when viewed from
the rear.

Fig. 5: Varying polarization of a dipole set at a slant of 45°
The vector of the radiated electrical field strength is
fully described by a pair of orthogonal vector
components; in other words, the vector is described by
a rectangular coordinate system.

According to Fig. 6, any field strength vector can be described
either by a coordinate system, defined by the E

v 
- vector and the

E
H
 - vector, or with the same preciseness by a coordinate system

defined by the E
+45°

 - vector and the E
-45°

 - vector.

Fig. 6: Separation of a vector E into orthogonal
components
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This means that the exactness of the 45° polarization of an
x-polarized antenna can be tested by measuring the radiation
pattern in vertical polarization and in horizontal polarization
or, alternatively by measuring the radiation pattern in +45°
polarization and in -45° polarization (Fig. 7 and Fig. 8).

If the field strength vector is exactly +45°, the co-polar value is
100% and the cross-polar value is 0%.

Dual Polarized Base Station Antennas
For Polarization Diversity Systems

Fig. 7: Radiation pattern of a Kathrein Scala
Division X-polarized 65° Antenna, measured
with vertical and horizontal polarization.

Fig. 8: Radiation pattern of a Kathrein Scala Division
X-polarized 65° Antenna, measured with +45°
and -45° polarization.

In other words, if the polarization is almost 45°, the radiation
patterns measured in vertical polarization E

v 
and in horizontal

polarization E
H  

will also be quite close to each other, or referring
to the second coordinate system, the cross-polar value E 

-45°
 of

the field strength will be much smaller than the co-polar one
E

+45°
.

If the polarization is exactly 45°, the half power beam widths
of the radiation patterns measured in vertical polarization
and in horizontal polarization are all of the same value.



 
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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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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