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8 Error Module of Vector Network Analyzer
and Calibrating Theory

Hou Zhengjia Huang dong Tong Ling

(School of Automation Eng ineering，University of Electronic and

Science 71echnology of China，Chengdu 610054，China)

Abstract It gives the 8-error module of S-parameter measurement of vector network analyzer and investigates

the calibrating theory．The calibrating method of network analyzer is designed by making use of a set of devices

with standard parameters by the theory．The simplified calibrating calculation is got．
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矢量网络分析仪8项误差模型和校正理论

侯政嘉黄 东 童玲

(中国电子科技大学自动化工程学院成都610054)

摘要对矢量网络分析仪S-参量误差模型的建立及校正理论进行了研究。给出了八项误差模型建立的基本理论。并根据此理

论设计了一套利用标准元件对矢量网络分析仪S一参量测量进行校正的方法。简化了校正计算。

关键词网络分析仪S～参量校正8项误差模型

1 Introduction

When we measure the 2-port network parameters

of radio frequency，we usually use the vector network

analyzer．The analyzer has an RF signal source that

produces an incident signal，which is used as a stimu—

lUS to the devices under test．The signal will be trans—

mitred to the DUTs．The output signal will be trans，—

mitted tO the network analyzer．See fig．1‘“．

Referred tO Fig．1，the forward transmission sig—

nal(routed to input B)and the reflected signal(input

A)are measured by comparing with the incident sig—

nal．The reversed transmission signal(routed tO input

A)and the reflected signal(input B)are also mea—

sured by comparing with the incident signal．The ana—

lyzer couples off a small portion of the incident signal

and uses it as a reference signal(routed to input R)．

Sweeping the source frequencies，the analyzer mea—

sures and displays the response of the testing device．

The S-parameters need to be in ratios．The forward

transmission S2l‘is B／R．The reverse transmission S12

is A／R．The reflection S11 of port 1 is A／R．And the

reflection S22 of port is B．／R．

We need the ratios of the two signals from the

two ports of DUTs．One is input，and the other is out—

put．But the ratios will be different from the values

measured by network analyzer．Because the standard

input and output tie—ins are type N negative tie—ins，we

must use the cables for DUTs to connect them to the

network analyzer．Further more the DU'I’S usually

have many different input and output tie—ins．We can

only connect the DUTs to the measurement system

through certain transitions．There is some reflection at

the tie—in transition，and there is also some wastage in

the cables．The values measured by network analyzer

are the S—parameters of the DUTs and the reflection

and wastage of transmission system．So there are
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some errors in the measurement system．We must

proofread the measurement system before we measure

the S—parameters of DUTs．

Fig．1

2 8-Error Modeling

In the actual measurement system，we can look

the parts out of network analyzer as three two port

networks．The network A iS the transmission system

from first port of analyzer tO first port of DUT．The

network X iS the device under test(DUT)．T、he net—

work B is the transmission system from second port of

DUT tO second port of the analyzer．See Fig．2

Reception： Output

Fig．2

We can hse the signal diagram to express the two

port networks．The models of signal figures of for—

ward and reverse transmission system are showed as

Fig．3[2]．

Sl】x

Fig．3

This is the traditional 1 2 error model of S—param—

eter measurement using network analyzer．But in fact，

we can see EDF，ESF，ERF，ELR and ETR as the S-parame—

ters of network A，and see EDR，EsR，ERR，ETF and ELF as

the S—parameters of network B．The S—parameters are

ratios of outputs to inputs．Such as network A，

whether the RF signals are in forward or reverse，the

S—parameters of network A are aptotic．So we consider

that EsF is equal tO ELR and ERF is equal to ETR．The net—

work B iS the same to the network A．In this case，

ELF is equal tO ESR and ETF is equal to ERR．So we can

predigest the 1 2 error model to 8 error model．The

signal diagram of forward and reversed transmission

system are showed as Fig．4．
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Fig．4

According to Fig．4，the models we got have 8 er—

rors．They are S11A，S22A，S12A，SllB，Sz2B，S2lB and CF，CR．

3 The Analysis and Elimination of Errors

According to Fig．4，

measurement by network

821M=c，+学
S12M=c。+学

we can get the S—parameter

analyzer using Mason Law：

砰囱匿犀
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SllM：sⅢ+鲨选堕乎#墅遒盘
S22M s挪+鲨趔苎粤苎鲨迪出
D=1一S22^S】1x—S11BS22x—S22ASllBS2lxSl2x—

S22ASllBSllxS22x

Based on equations above，we can get the actual

S—parameters of DUTs：

Snx—

c≮警c，+逛≠smH遥≠，c鼍≯，SuB]
B

Szzx=

。c1SzzM--一SzzB(，+避}S22胪(避≠

errors：

CF=M5

CR=M 6

SllA2M 7

S2282M 8

，、
M4一M8

322A。m—1 w—M5
。 M3一M7311B一—M 2--—M 6
S21B一(M，一M5)(1一S22ASllB)

S12A一(M 2一M 6)(1一S22ASllB)

[攀]S21x--—f
S1 2x一

[
M—CF

S21B

B

B

B一(14一学Sz2A)(1+学sllB)一B一一生产。。。)(1+堕Ps。。。)一
c攀，c攀)s11Bs：。。
We can eliminate the errors in the network A and

B with a set of devices with s tandard parameters．

(1)Two ports connect through

(S11x—S22x一0 S21x—S12x一1)

M，一s2Ⅲ一cr+r蕞2 A 11B1 u口u

M2=s州一CR+赢
M3=s，1M_S1lA+畿
M4≤矿s。一高羔
(2)TWO ports connect to the Loads

(S1ix=S22x=S21x—S12x=O)

Mj=S21M—CF

M6=S】2M=CR

M7一S1lM=S¨A

M8=S22M=S22B

According·to the 8 equations，we carl get the 8

We consider that the 8 error module of S—-parame--

ter measurement using vector network analyzer meet

the actual requirements．The S—parameters of a two-

port network are changeless．It cannot vary with the

direction changes of the stimulating signals．Not only

the DUTs but also the transmission network A and B

has this character．So we consider that the S—parame—

ters of forward transmission system is equal to the

S—parameters of reversed transmission system．And

we get 8 error module from 1 2 error module．

In the vector network analyzer，the S—parameters

are complex numbers．We need calibrations in every

frequency points for the S-parameter measurement in

a frequency span．In one frequency span，we get hun—

dreds of points to measure．In the measurement，there

are great deals of complex calculations．Applying the 8

error module to the measurement，we can simplify the

calculation of calibration and accelerate the measure—

ment．

1 871 4ET／ES RF network analyzers programmer’S guide．

Agilent Technology，June 2000．

2 Shixian Tang．Microwave measurement．China：Beijing

Institute of Technology，1991．



 

 

 

 

 

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  

 

微 波 射 频 测 试 仪 器 使 用 操 作 培 训 

 

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；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，

推出多套微波射频以及天线设计培训课程，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 

 

 

微波射频测量仪器操作培训课程合集 

搞硬件、做射频，不会仪器操作怎么行！对于射频工程师和硬件工程师

来说，日常电路设计调试工作中，经常需要使用各种测试仪器量测各种

电信号来发现问题、解决问题。因此，熟悉各种测量仪器原理，正确地

使用这些测试仪器，是微波射频工程师和硬件工程师必须具备和掌握的

工作技能，该套射频仪器操作培训课程合集就可以帮助您快速熟悉掌握

矢量网络分析仪、频谱仪、示波器等各种仪器的原理和使用操作… 

课程网址：http://www.edatop.com/peixun/rftest/vna/67.html  

矢量网络分析仪使用操作培训课程套装 

矢量网络分析仪是最常用的测试仪器是射频工程师和天线设计工程师

最常用的测试仪器；该套培训课程套装是国内最专业、实用和全面的

矢量网络分析仪培训教程套装，包括安捷伦科技和罗德施瓦茨公司矢

量网络分析仪的 5 套视频培训课程和一本矢网应用指南教材，能够帮

助微波、射频工程师快速地熟悉掌握矢量网络分析仪使用操作… 

课程网址：http://www.edatop.com/peixun/rftest/vna/34.html 
 

 

示波器使用操作培训课程套装 

示波器是硬件和射频工程师几乎在每天的工作中都会用到仪器，因此掌

握示波器的原理并能够正确使用示波器是所有从事电子硬件电路设计

和调试的工程师必须具备的最基本的技能。本站推出的示波器视频培训

课程套装既有示波器的基本原理以及示波器性能参数对测量结果影响

的讲解，也有安捷伦和泰克多种常用示波器的实际操作讲解，能够帮助

您更加深入地理解手边常用的示波器从而更加正确地使用示波器… 

课程网址：http://www.edatop.com/peixun/rftest/osc/49.html 
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