
 

Lab 2: Building and Matching a Dipole Antenna for 
use with the wireless LAN 
 
By: Cynthia Furse, Ray Woodward 
 ECE 6130 Wireless LAN Lab 
 Utah State University  
 USA 

Equipment: 
• Agilent 8510C Microwave Vector Network Analyzer 

(Replacement model: Agilent E8362B PNA Network Analyzer) 
• TRL Calibration Kit 

Procedure: 
1. Use sandpaper to remove the outer coating from some copper wire greater than 3 cm in 

length. 

2. Cut the wire to approximately 3.5 cm, bend the end so that it can be soldered on the 
micro-strip board, and use the soldering iron to place the monopole wire on the micro-
strip. Since the ground plane is large, the monopole will actually act as a dipole antenna. 

3. For this lab, you will use the circuit board holder. Later you could optionally mount the 
SMA connector to the end of the micro-strip line on the end of the board.  

a. Solder the center conductor from the SMA connector to the end of the micro-strip line. 

b. Solder a piece of wire to the outer part of the connector and solder the other end of 
the wire to the ground plane side of the micro-strip board. 

4. Calibrate the Network Analyzer  

a. If you are using the circuit board holder, perform the TRL calibration as described in 
the network analyzer handout from Lab 1. The frequency range for this calibration 
should be from 2-3 GHz. Check the calibration to make sure that it is accurate using 
the THRU and REFLECT standards. 

b. If you are using SMA connectors, perform either the S11 or S22 one-port calibration 
as defined in the handout from Lab 1. This is very similar to the Full 2-port calibration, 
except that it should be much faster. The frequency range for this calibration should 
be from 2-3 GHz. Check the calibration to make sure that it is accurate. 

5. Attach the antenna to the network analyzer (via the circuit board holder or SMA connector) 
and look at the values for S11 and the input impedance. Since the antenna is still longer 
than 3 cm, it should have resonance below 2.5 GHz. Resonance is when the real part of 
the impedance becomes very large and the imaginary part crosses zero (generally rising 
sharply to a large positive value, then falling sharply to a large negative value). At 
resonance, the S11 value should be small, but this will depend on the value of the real 
part at resonance. Remember you are connected to a 50 ohm network analyzer. Shorten 
the antenna (with wire cutters) so that it has a length approximately equal to a quarter 
wavelength at 2.5 GHz. Remember the equation for wavelength is λ = c/f. You are 
measuring the impedance of the antenna PLUS a the length of microstripline between the 
antenna and the network analyzer calibration location (the center of the THRU on the 
circuit holder or the end of the cable when not using the holder). 
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6. The actual length of the micro-strip line on the board is about 4.445 cm (1750 mils). One 
quarter wavelength on the micro-strip line is 1.88 cm ( 740.66 mils). The width of the line 
for a characteristic impedance of 50 ohms is .1789 cm (70.419 mils), which is the width of 
the milled line. The Smith Chart can be used to find the load impedance of the antenna by 
rotating the correct number of wavelengths toward the load. Perform this calculation for 
2.5 GHz and record the load impedance for the antenna. (An ideal dipole antenna has an 
impedance of 73 + j 42.5 ohms).  

7. Use the Tline software on the PC’s to find an open circuit parallel single stub match for the 
antenna. Record your values for d and L. Assume that you will be using a parallel stub of 
approximately 50 ohms. 

8. Cut a piece of copper tape to the same width as the line on the board with the antenna on 
it (eyeball it). Use the results from Tline (in wavelengths) and the values given above (for 
wavelength in cm) to find the actual length in centimeters for the location of the stub and 
the length of the stub.  

9. DON’T tape it down yet! Cut the stub long enough that it can be taped to the microstrip 
line (overlapping the line as much as possible) and still be longer than the value necessary 
for L. This will allow for some trimming if necessary (it IS necessary).  

10. Experiment with moving the stub (a pencil eraser works great for this) and trimming its 
length to get an optimal match at 2.5 GHz. This means the imaginary part should be zero, 
and the real part should be 50 ohms, so the S11 value should be as small as possible.  

11. Is the match as good as you expected it to be? How do the length of the stub and its 
location compare the values that you calculated previously?  

12. The frequencies of operation for the wireless LAN are 2.4 and 2.6 GHz. A low value for 
VSWR is desirable at both of these frequencies. If time allows, use some creativity and 
slide some pieces of copper tape down the line to see the effects they will have on the 
VSWR of the circuit. If a particular location looks beneficial, place the tape at the location. 
You may be able to get a better response by shortening the tape, but do it judiciously 
since it may also be a detriment to the amount of power that is received by the receiver of 
the wireless LAN. Since this will be one of the components of the circuit for the final 
project for this class, make it as good as you can. This will help you save time at the end 
of the semester when you might have other projects besides this one. You do have the 
code to the microwave lab, so if necessary, you are encouraged to make modifications 
outside of the scheduled lab time. 

13. Conclusion: explain the results of this lab, what you have learned, and any observations 
that you may have come to while working on this lab. Include a plot of your impedance, 
S11, VSWR. Save the data to disk for future use. Carefully save your antenna. Write your 
names on it. You can leave it in the box in the glass cases in the back of the lab. 

 
CONGRATULATIONS! You now have a matched antenna for your WLAN. 
 
 

These experiments have been submitted by third parties and Agilent has not tested any of the experiments. You will undertake any of 
the experiments solely at your own risk. Agilent is providing these experiments solely as an informational facility and without review.  

AGILENT MAKES NO WARRANTY OF ANY KIND WITH REGARD TO ANY EXPERIMENT. AGILENT SHALL NOT BE LIABLE 
FOR ANY DIRECT, INDIRECT, GENERAL, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES IN CONNECTION 
WITH THE USE OF ANY OF THE EXPERIMENTS.  



 
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 

 
 

专注于微波、射频、天线设计人才的培养 

官方网址：http://www.edatop.com 易迪拓培训 
淘宝网店：http://shop36920890.taobao.com 


