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Bluetooth™ Antenna Design and Testing

1. INTRODUCTION

This white paper discusses guidelines for Bluetooth antenna design and testing. The areas of interest are
antennae built into Bluetooth modules, PC accessories such as PCMCIA cards, USB dongle attachments,
and Bluetooth units built into laptop PCs. Each configuration has different requirements and critical
parameters that will be discussed in this paper.

2. ANTENNA DESIGN

2.1. General Design Considerations

The antenna should be placed high and away from metal or conductive objects. In addition, its position
against the ground plane is important depending on how the antenna is fed from the RF circuits.

2.2. Range

The free-space path loss is expressed as follows, where S is the distance between the transmit and
receive antennas, and λ is wavelength:
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The following table shows the loss at 2.5 GHz at various distances:

Distance (m) Path Loss (dB)

1 40

10 60

100 80

Table 1:  Distance and Path Loss

2.3. Noise Considerations

PCs are normally a source of various digital noises. Since processor speeds now exceed 300 MHz, even
low-order harmonics could fall into the Bluetooth frequency band. In addition, address and data busses
carry random high-speed digital signals, which generate many frequencies in the form of harmonics and
subharmonics. This is a serious issue since radiation specification limits in FCC Part 15 for non-
intentional radiators (such as PCs) are much greater than the minimum signal levels which degrade
sensitivity and other performance aspects of the Bluetooth receiver. Care must be taken for both antenna
location and EMI shielding of the PC to minimize unwanted noise.
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2.4. Module Configurations

The Bluetooth module may or may not include an antenna. For certain applications, it is preferred to have
the antenna physically separated from the module. In this case, a mechanism such as an RF connector
needs to be provided to attach the antenna cables. Only when the module is placed in the final product
can an integrated antenna be considered to ensure proper function. Such antennas include the following:

2.4.1. Chip Antenna

The antenna element is enclosed in a surface mount package in a form similar to an inductor or spiral or
meander line.

2.4.2. Patch Antenna

The antenna may also be in a surface mount package that uses a patch element enclosed with an
associated ground plane underneath.

2.4.3. Stamped Metal Antenna

This could be packaged in the form of an “inverted-F” antenna, which is widely used for high-frequency
pagers, or any other form of radiation element made from stamped metal sheet soldered onto the module
PC board.

2.4.4. PC Board Trace Antenna

The radiation element can be formed by properly tracing the length directly on the module PC board. The
ground plane and other signal traces should be eliminated from the area where the antenna is located.
The antenna part of the module must be exposed to, if not protruding from, the surface of the final
product.

2.5. PC Accessory and USB Dongle Configurations

The PC Card is normally inserted from the side into the keyboard base of the laptop PC. It is expected to
have the antenna element located on the opposite end from the PCMCIA connector in order for it to be
exposed to the outside of the laptop PC. The PC Card could be made slightly longer to have the antenna
stick out from the laptop PC or it can have a retractable mechanism for the Bluetooth user to pull out the
antenna. Another option may be to have an RF connector for a separate antenna unit that may be clipped
on the edge of the LCD screen, or placed elsewhere away from the laptop. This is especially necessary
when the PC Card slot is located on the front of the laptop because this area is likely to be covered by the
user’s hands, which could act as an RF shield.

The USB port is located either on the side or on the back of the keyboard base of the laptop PC. The
USB dongle Bluetooth unit could be a single-piece design with an integrated USB connector or a unit with
a short USB cable with the connector. In either case, the antenna element can be integrated into the unit.
Because the LCD screen could act as a reflector, which causes a strong directivity to the radiation
pattern, the antenna should be located as far as possible from the PC to avoid performance degradation.

2.6. Laptop PC Antenna Configurations

There are several locations for the Bluetooth antenna on a laptop PC. The best location is either on the
top edge of the LCD screen or the back surface of the LCD screen. Another excellent location is the side
edge of the keyboard base. Many laptop PCs have PCMCIA slots on the side edge and this is a likely
antenna location for PC cards with an integrated antenna.
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2.7. Antenna on Top Edge of LCD Screen

The top edge of the LCD screen presents a challenge where space and form factor are very limited.
Today’s thin laptop designs require that the width of the antenna element be very small. Therefore, a
separate antenna with a coaxial cable would be the best choice due to the limitation in space along the
edge of the LCD panel. A small patch antenna or a PC board antenna would fit best in such a location. A
coaxial cable can be soldered directly to the antenna element and routed to the main board location
where the Bluetooth module is located (see Figure 1). The center of the screen edge is a preferred
location since the antenna radiation pattern is less likely to be skewed by the LCD screen.

Bluetooth Antenna

Coaxial  Cable

Bluetooth Module

Coaxial Cable

R F
Connector

Connector on
Motherboard

Bluetooth Module

Figure 1:  Bluetooth Antenna Option for Laptop PC
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2.8. Antenna on Back Surface of LCD Screen

The back surface of the LCD screen may provide more space with respect to width and length. In this
case, either a separate antenna or an entire Bluetooth module may be placed. The serial data could be
either a UART or USB interface, both of which are normally supported by the PC motherboard. It may be
convenient to provide a small compartment with an appropriate connector on the back of the LCD screen
for add-on Bluetooth module. The entire back surface of the LCD screen should be metalized and used
as an RF ground plane. A good RF ground connection should be provided between the Bluetooth module
and the ground plane. The module antenna or antenna matching circuit may have to be tuned since the
impedance will change due to the ground plane. One drawback of this antenna location is that it will
create an antenna radiation pattern skewed in the direction to the back of the laptop PC.

Serial Cable

Bluetooth Module with
Integrated Antenna

(to Motherboard)

Figure 2:  Bluetooth Antenna Option for Laptop PC
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2.9. Antenna on Side Edge of Keyboard Base

This is a less desirable location for the antenna since its radiation pattern will be greatly affected by the
LCD screen. In addition, since it is near human hands on the keyboard, they could degrade the
performance of the antenna. Other objects such as AC adapter cables could run near the antenna, which
could degrade the performance as well. A solution to this would be to place either a separate or an
integrated antenna in this location (see Figure 3). The motherboard could be designed to have the
Bluetooth module located near the edge of the board and the antenna portion of the module facing or
extending through the edge of the keyboard base. Some mechanism to allow the antenna to be pulled out
of the laptop PC may be advantageous in order to reduce the effect from the LCD screen or human
hands (e.g. a retractable antenna).

Bluetooth Module

Bluetooth Antenna

Figure 3:  Bluetooth Antenna Option for Laptop PC
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3. ANTENNA TESTING

Antenna testing normally consists of two phases:  impedance matching and radiation pattern
measurement.

3.1. Impedance Matching

Impedance matching is performed to ensure that RF energy is efficiently transferred to and from the
antenna to the RF front-end circuit of the Bluetooth unit. The test configuration is shown in Figure 6.

Table 2 shows a list of recommended equipment. The antenna should be designed to achieve a voltage
standing wave ratio (VSWR) of 2:1 or better over the Bluetooth frequency band.

Bluetooth  Antenna E lement

Network Analyzer

Figure 6:  Antenna Impedance Matching Test Set Up

Equipment Name Recommended Model No. Manufacturer Name Approximate Price

Network Analyzer Agilent 8714ET Agilent $18,250

Table 2:  List of Equipment for Impedance Matching Test

3.2. Antenna Radiation Pattern Measurement

The radiation pattern measurement is ideally performed inside the anechoic chamber. A free space such
as a dedicated outside antenna range or even a large room can be used for slightly less accurate
measurements. The measurement requires a turntable from which the turn angles can be read. The unit,
which contains the antenna under test, could transmit an RF signal by itself, or the signal can be fed from
an external signal source (i.e. RF signal generator) through a connected RF cable. Care must be taken to
the feed cable because it also radiates an RF signal. This includes placing ferrite beads on the feed
cable, and positioning the cable at the proper angle.
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The measurement also requires a reference antenna to receive the radiated signal, and a signal strength
meter to measure the received signal strength. A spectrum analyzer is usually used for this purpose. The
measurement system has to be calibrated for cable losses and other factors that affect the measurement
results. A typical measurement set up is illustrated in Figure 7.

Table 3 shows a list of recommended equipment for radiation pattern measurement.

Spect rum Analyzer RF Signal  Generator

Turntable

Antenna Under  Test  Mounted
on Target  Laptop PC

Reference Antenna

Figure 7:  Antenna Radiation Pattern Measurement Set Up

Equipment Name Recommended Model No. Manufacturer Name Approximate Price

RF Signal Generator Agilent E4421B, Agilent 8648C Agilent $10,100/$8,960

Spectrum Analyzer Agilent 8594E Agilent $14,535

Reference Antenna Agilent 11966N Agilent $4,190

Turn Table

Anechoic Chamber

Table 3:  List of Recommended Equipment for Radiation Pattern Measurement
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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。 

易迪拓培训推荐课程列表： http://www.edatop.com/peixun/tuijian/ 

 

 

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 

手机天线设计培训视频课程 

该套课程全面讲授了当前手机天线相关设计技术，内容涵盖了早期的

外置螺旋手机天线设计，最常用的几种手机内置天线类型——如

monopole 天线、PIFA 天线、Loop 天线和 FICA 天线的设计，以及当前

高端智能手机中较常用的金属边框和全金属外壳手机天线的设计；通

过该套课程的学习，可以帮助您快速、全面、系统地学习、了解和掌

握各种类型的手机天线设计，以及天线及其匹配电路的设计和调试...

课程网址： http://www.edatop.com/peixun/antenna/133.html 

WiFi 和蓝牙天线设计培训课程 

该套课程是李明洋老师应邀给惠普 (HP)公司工程师讲授的 3 天员工内

训课程录像，课程内容是李明洋老师十多年工作经验积累和总结，主要

讲解了 WiFi 天线设计、HFSS 天线设计软件的使用，匹配电路设计调

试、矢量网络分析仪的使用操作、WiFi 射频电路和 PCB Layout 知识，

以及 EMC 问题的分析解决思路等内容。对于正在从事射频设计和天线

设计领域工作的您，绝对值得拥有和学习！… 

课程网址：http://www.edatop.com/peixun/antenna/134.html 
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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 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 

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 
 

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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