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Lecture #4 : Impedance Measurement
1.  Introduction

o  Voltage Measurement at One Point 
o  Measurement by S Parameter is Better than by Others 

2. Impedance measured directly by Network Analyzer 
o  Theoretical Background of Impedance Measurement
o  Smith Chat
o  Calibration of Network Analyzer
o  Relationship between the Impedance in Series and in 

Parallel

3.  Impedance measured alternatively by network analyzer
o  Accuracy of Smith Chat
o  Low and high impedance measurement

4.  Impedance measured by means of circulator

5.  Impedance matching and matching of a mixer
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1.   Introduction

o   Voltage Measurement at One Point
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V = Vin + Vref
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Figure 4.1       Voltage measured at one point is a resultant entity of incident and reflected voltage
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Z

Y

h 

v1 = z11i1 + z12i2
v2 = z21i1 + z22i2

i1 = y11v1 + y12v2
i2 = y21v1 + y22v2

v1 = h11i1 + h12v2
i2 = h21i1 + h22v2

z11 = v1 / i1 | i2=0
---

---

y11 = i1 / v1 | v2=0
---

---

h11 = v1 / i1 | v2=0
h12 = v1 / v2 | i1=0

---

S b1 = s11a1 + s12a2
b2 = s21i1 + s22b2

s11 = b1 / a1 | a2=0
---

---

Two port 
network

a1 a2
b1 b2

Two port 
network

v1

i1 i2 v2

Figure 4.2    The various parameters to characterize a two port network.
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Parameters Matrix Coefficients Block

o  Measurement by S parameters is better than by others
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Figure 4.4   Impedance measured by network analyzer

Or,             S21 = 0,

Or,             S12 = 0,

o  Theoretical background of impedance measurement by parameters, S11, S22

DTU
(Two-port)
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ΓS ZL
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ZoutZin

Figure 4.3    Relationship between Sij and Γk

2.   Impedance Measured Directly by NewworkAnalyzer
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o  Smith Chart
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Figure 4.5    Impedance coordination of Smith Chart

*  Impedance coordination
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*  Admittance coordination
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Figure 4.6 Admittance coordination of the Smith Chart

-1.2

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.cn

http://www.fineprint.cn


Lecture#4 Richard Li 7

*     Impedance and admittance coordination together
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Figure 4.7    Impedance and admittance coordination of Smith Chart
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Some scaled parameters are attached below the Smith Chart : 

*    Reflection coefficient of power, Γ2, 
*    Return loss in dB, -10log(Γ2), 
*    Reflection loss in dB, -10log(1-Γ2), 
*    VSWR (Voltage Standing Wave Ratio), (1+|Γ|)/(1-|Γ|), 
*    VSWR in dB, 20log(1+|Γ|)/(1-|Γ|),
*    Transmission loss coefficient,    (1+|Γ|2)/(1-|Γ|2). 

*  Scales on Smith chart
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o      Calibration of network analyzer

*     A test PCB

In Out

Vdd

InOut

(a)  Test PCB (Top side) (b)  Test PCB (Bottom side)

Figure 4.8     Layout of test PCB
Top metallic area; DTU (Desired Test Unit)
Bottom metallic area; Runner, Zo = 50 Ω
Conductive via from top to bottom; SMA connector 
“Zero” capacitor

Vdd

DTU (Desired Test Unit)
BA
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*   Calibration Board 
for Network Analyzer

Figure 4.9     Layout of a self-supporting 
calibration kit

Top metallic area;
Bottom metallic area;
Conductive via from top to bottom  
“Zero” capacitor
50 Ω resistor
Runner, Zo= 50 Ω.
SMA connector

Open

(b)  Calibration  (Bottom side)(a)  Calibration kit (Top side)

Short

Through

50 Ω

BA

BA

BA

BA
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o  Transformation of impedance between in series and in parallel
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Figure 4.10    Transformation of impedance between in series andin parallel 
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(a)  When XS and XP are impedance of inductors

Figure 4.11    Transformation of impedance between in series andin parallel 
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3.    Impedance measured alternatively by network analyzer

Relatively inaccurate area
Relatively accurate area
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Figure 4.12    Accurate and inaccurate area in Smith Chart

o    Accurate and inaccurate area of  Smith Chart

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.cn

http://www.fineprint.cn


Lecture#4 Richard Li 14

o    Impedance measured by an alternative way

Network
Analyzer

Port 1

50 Ω

Port 2

50 Ω
DUT

GND

(a)    Testing for low impedance part.

Network
Analyzer

Port 1

50 Ω

Port 2

50 Ω
DUT

GND

(b)    Testing for high impedance part.

Figure 4.13    Testing  setup for parts with low and high impedance
DTU (Desired Test Unit)
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o    Impedance measured by means of circulator
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Figure 4.14     Impedance measurement by means of circulator.
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o    Impedance measuring and matching of  a mixer :

Figure 4.16     Change of impedance measurement and matching fora differential mixer by means of Balun.
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Figure 4.15     Impedance measurement and matching for a differential mixer by means of circulator.
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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 

 
 

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 


