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Linear behavior
– input and output frequencies
 are the same (no additional
 frequencies created)  

– output frequency only
 undergoes magnitude and
 phase change  
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Nonlinear behavior
– output frequency may undergo
 frequency shift (e.g. with mixers)

– additional frequencies created
 (harmonics, intermodulation) 
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Nonlinear networks

Frequency Frequency

TimeTime

Saturation, crossover, intermodulation, and other 
nonlinear effects can cause signal distortion
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矢量测量的重要性
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入射功率和反射功率的基本概念
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史密斯圆图

 (R+jX  G+jB) 

 (  )

Incident

Reflected

Transmitted

Lightwave analogy 

6



 0 

 (  6)

 50 Ω

 75 Ω

 6. 

功率传送条件
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Smith chart maps 
rectilinear impedance 
plane onto polar plane
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Maximum power is transferred 
when RL = RS

For complex impedances, 
maximum power transfer occurs 
when ZL = ZS* (conjugate match)

 

Zs = R + jX

ZL = Zs* = R – jX

For reflection, a transmission line terminated in Zo 
behaves like an infinitely long transmission line

Zs = Zo

Zo

Vrefl = 0 (all the incident 
power is absorbed in the load)

Vinc

Zo = characteristic impedance 
of transmission line
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Zs = Zo

Vrefl

Vinc

For reflection, a transmission line terminated in
a short or open reflects all power back to source 

In phase (0º) for open
Out of phase (180º) for short
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网络分析的名词术语
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Use electrical delay to remove 
linear portion of phase response

Linear electrical 
length added
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测量群时延
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网络的表征
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H,Y, and Z parameters
Hard to measure total voltage and current    
at device ports at high frequencies

Active devices may oscillate or self-destruct with shorts or opens

S-parameters
Relate to familiar measurements  
(gain, loss, reflection coefficient, etc.)

Relatively easy to measure

Can cascade S-parameters of multiple 
devices to predict system performance

Analytically convenient

CAD programs

Flow-graph analysis

Can compute H, Y, or Z parameters from S-parameters if desired
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