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Διάλεξη 10,11 – Microwave Engineering   

 
 

§  Transmission Lines. 

§  Scattering Parameters. 

§  Smith Chart. 

§  Impedance Matching with Smith Chart. 
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Για την σηµερινή διάλεξη έχει χρησιµοποιηθεί υλικό κυρίως από το 
βιβλίο  
Kai Chang, “RF and Microwave Wireless Systems”, Wiley Series in 
Microwave and Optical Engineering, John Wiley & Sons, 2000. 
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Βασική ερώτηση µαθήµατος: 

Τί είναι ο Δικτυακός Αναλυτής  
(Network Analyzer)? 

? 
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Transmission Line: Review 

Ø  lossy transmission line: Ø  lossless transmission line: 

Ø  lossy line: parasitic R across a wire,  
parasitic G between the wires. 
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Transmission Line: General Equations 

Ø  Impedance as a function of line length: 
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Transmission Line Review: Power at load 

Ø  Lossless line: α=0 => γ = jβ 

Ø  Power at the load (x=0): 

Reflected power Transmitted power 
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Lossless Transmission Line Review: VSWR 

Ø  Voltage |V(x)| periodic with period λg/2. 

(why?) 

 

 

VSWR = (1+|ΓL|)/(1-|ΓL|) 



9 

Transmission Line Example: Shorted 
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System as a Load: 2-port Network 

Ø  How do we measure those quantities? 

a.k.a 
attenuation 
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2-port Network Scattering Parameters 
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N-port Network Scattering Parameters 

Ø Properties of Scattering Parameters: 

Only for lossless network  
(power conservation): 
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N-port Network Scattering Parameters 

Ø  How do we measure the scattering parameters of a system? 

Network Analyzer 
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Smith Chart 

Ø  Smith Chart = complex plane plot of bilinear transformation between  
Z/Z0 and corresponding Γ. 

Multiplying num/denom with 1-Γr+jΓi 

Constant R Circle 

Constant X Circle 
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Smith Chart Example Constant R Circle 

Constant X Circle 
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Smith Chart 

Ø  lossless line: 

@ distance x 
from load: only 
phase changes, 
not magnitude! 

Example: ZL=100+j50, Z0=50 

Example: ΓL=0.447<27ο 

|ΓL| 

0.214 λ 

0.414 λ 

ZL 
Open load,  
ΓL=1 

Shorted 
load,  
ΓL= -1 

Matched load,  
ΓL= 0 

Imaginary part of ΓL 

Real part 
of ΓL 

...towards load 

...towards generator 
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Example Calculations 

!(!g / 4) = "!L # Z(!g / 4) / Z0 =
1+!L

1"!L

=
Z0
ZL
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Z-Y Smith Chart 

Ø  symmetric point of z=Z/Z0 in respect to origin gives 1/z=y=Y/Y0=Z0/Z 

Ø  note: phase difference π = moving λg/4 (and not λg/2) [why ?] 

inductive load 

capacitive load 

inductive load 

capacitive load 
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Impedance Matching: maximize power transfer  

Ø  2-port systems require input and output matching for maximum power 

transfer (match line to source impedance and output load). 
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Matching with lumped elements 



21 

Matching Example with Smith Chart (1) 

Ø  ZL corresponds to point A.  

Ø  The goal is to achieve zero reflection 

coefficient (point C). 
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In practice: work only with Z-Smith Chart 

Ø  Upper half-circle: positive  

(reactance or susceptance) 

Ø  Lower half-circle: negative  

(reactance or susceptance) 

Ø  Plot Z/Z0 when adding an element in series. 

Ø  Plot Z0/Z when adding an element in parallel. 

(plot Z/Z0 and then plot symmetric point with respect to (0,0)) 

Ø  on the constant R circle, move towards upper half for 

positive load (positive reactance or positive susceptance). 

Ø  on the constant R circle, move towards lower half for 

negative load (negative reactance or negative susceptance). 

inductive reactance,  
capacitive susceptance 

capacitive reactance,  
inductive susceptance 
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Matching Example (2) 
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Questions? 


