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 Transmission lines 
 Impedance matching and tuning 
 Directional couplers 
 Power dividers 
 Microwave amplifier design 
 Microwave filters 
 Oscillators and mixers ? 
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 Total power delivered to the load = Incident 
power – “Reflected” power 

 Return “Loss” [dB] 

 time-average Power flow along the line 
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 S11 and S22 are reflection coefficients at ports 
1 and 2 when the other port is matched 
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 S21 si S12 are signal amplitude gain when 
the other port is matched 
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 information about signal power AND signal phase 

 Sij 
 network effect (gain) over signal power including 

phase information 
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 Desired functionality: 

 division 

 combining 

 of signal power 



 also known as T-Junctions 
 characterized by a 3x3 S matrix 

 
 
 

 the device is reciprocal if it does not contain: 
 anisotropic materials (usually ferrites) 
 active circuits 

 to avoid power loss, we would like to have a 
network that is: 
 lossless, and 
 matched at all ports 

▪ to avoid reflection power “loss” 
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 circulator often found in duplexer 





 consists in splitting an input line into two 
separate output lines 

 available in various technologies for the lines 
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so it will be matched: 011 S

from symmetry: 0332211  SSS

 If a three-port divider contains lossy components, 
it can be made to be : 
 reciprocal 
 matched at all ports 



 one input line 
 two /4 transformers 
 one resistor between the output lines 







 A four-port network simultaneously: 

 matched at all ports 

 reciprocal 

 lossless 

 is always directional 

 the signal power injected into one port is transmitted 
only towards two of the other three ports 
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Impedance Matching 
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 Circles in the (Γr , Γi) 
complex plane 
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 The locus (the set of all points whose location satisfies one or more 
specified conditions) of the points generated by all impedances having 
normalized resistance rL is a circle which: 
 have its center on the horizontal axis (y0=0) 
 passes through x=1,y=0 point, whatever x0,rL 
 have its radius between 0 and 1 

▪ tends to 0 for large rL 
▪ tends to 1 for small rL 

 when rL is 1 passes also through origin 
 for any pozitive rL radius is <1  
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 The locus of the points generated by all impedances having 
normalized resistance xL is a circle which: 
 have its center on a line parallel with the vertical axis (x0=1) 
 passes through x=1,y=0 point, whatever x0,xL 
 have its radius between 0 and ∞ 

▪ tends to 0 for large |xL|  
▪ tends to ∞ for small |xL| 

 when xL is 0 transforms itself in the horizontal axis  
 if xL > 0 the circle is above the horizontal axis, otherwise is bellow it 
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Matching ZL load to Z0 source. 
We normalize ZL over Z0 

We must move the point denoting 
the reflection coefficient in the area 
where with a Z0 source we have:  
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 Microwave amplifier design 
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 Match can be obtained if 
and only if rL = 1 

 we compensate the 
reactive part of the load 
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 Two steps matching 
 first reactive element moves the reflection coefficient 

on the circle rL = 1/gL = 1 

 second element compensates the remaining reactance 
and achieves the impedance match 
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 For any ΓL there are at least 2 possible L 
networks  to achieve match (L+C) 

 For some starting areas on the Smith Chart 
there are 4 possibilities (+2 C+C/L+L networks) 

 We choose the network that requires 
components with existent/practically realizable 
values 

 By adding the resistive elements, we can 
supplement the number of networks but with 
loss of signal power (not recommended) 



 In microwave frequencies active circuits work 
very near to the transition frequency fT 

 Any “waste" of signal power is not 
recommended 

 Sometimes such an action might be necessary 
to insure device stability 



 Two steps matching 
 for starting reflection coefficient inside the rL = 1 circle 

we must use first schematic 

 for starting reflection coefficient outside the rL = 1 
circle we must use second schematic 
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 the argument of the second square root is always positive for: 
 

  
 two physically realizable solutions are possible for B and X 
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 the argument of the square root is always positive for: 
 

  
 two physically realizable solutions are possible for B and X 









 Quality factor Q 

const
B
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 High quality factor is equivalent with narrow 
bandwidth 



 The position with 
highest Q for 
intermediate 
reflection 
coefficients (B) 
imposes the match 
bandwidth 



 Wider matching 
bandwidth can be 
obtained with 
multiple, smaller 
steps, insuring that 
all intermediate 
reflection 
coefficients (B, D) 
correspond to 
smaller Q 



 
 For high Q starting 

reflection 
coefficients (A) 
narrow bandwidth 
match is 
unavoidable 





Impedance Matching 



 Stub (en)=“rest, ciot, cotor, capăt” (ro) 
 We avoid the necessity to use lumped elements 
 Matching is achieved (with higher accuracy) 

using usual Z0 transmission lines of the circuit 
 We use one or more lengths of transmission line 

(stub) connected either in parallel or in series 
with the transmission feed line : 
 open-circuited  

 short-circuited 
 Usually open-circuited transmission lines are 

easier to implement and are preferred 
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 Shunt Stub 



 Series Stub 
 difficult to realize in single conductor line 

technologies (microstrip) 



Sectiune de linie paralel 



 Shunt Stub 



 We use a series transmission line to move the 
reflection coefficient on the circle gL = 1 

 We compensate the remaining reactive part of the 
load with a shunt reactance to achieve match 

 The shunt reactance is made with a stub which can be, 
as needed: 
 open-circuited  

 short-circuited 
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 load: 60 Ω series with 0.995 pF at 2GHz 
 two possible solutions  
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 two possible solutions  
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 mathematical functions which offer the input 
impedance in a stub are periodic functions of 
l, tan/cot based functions  
 

 adding or subtracting 

 

    doesn’t change the result (full rotation around the 
Smith Chart – hence the 0.5λ gradation of the 
circumference of the diagram) 

lZjZ scin  tan0, lZjZ ocin  cot0,

 180 lE N kkl ,
2





 adding or subtracting λ/4 transforms the 
impedance: 
 
 
 

     from the open-circuited value to the short-
circuited one and vice versa 

 For tuning in ADS it’s better to start from the 
neutral point (value of the electrical length of the 
line which doesn’t influence the circuit)  
 series line:  

 shunt stub:  
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 d (which implies t) is chosen so that: 
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 second grade equation, 2 solutions possible 
 d computed from t 
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 compensating susceptance is:  

 for negative lengths we add λ/2  
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