
Lecture 7 
2017/2018 



 RF-OPTO 

 http://rf-opto.etti.tuiasi.ro 

 David Pozar, “Microwave Engineering”, 
Wiley; 4th edition , 2011 

 1 exam problem  Pozar 

 Photos 

 sent by email: rdamian@etti.tuiasi.ro 

 used at lectures/laboratory 



 ADS 2016 
 EmPro 2015 
 based on IP from outside 

university or campus 



   



 Source matched to load ? 
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 The source has the ability to sent to the load a certain 
maximum power (available power) Pa 

 For a particular load the power sent to the load is  less than 
the maximum (mismatch) PL < Pa 

 The phenomenon is “as if” (model) part of the input power is 
reflected Pr = Pa – PL 

 The power is a scalar ! 
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 input impedance of a length l of transmission 
line with characteristic impedance Z0 , loaded 
with an arbitrary impedance ZL 
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 S11 is the reflection coefficient seen looking into 
port 1 when port 2 is terminated in matched load 

 S21 is the transmission coefficient from port 1 
(second index) to port 2 (first index) when port 2 
is terminated in matched load 



































2

1

2221

1211

2

1

V

V

SS

SS

V

V

01

01

1
11

2

2










V

V

V
S[S] 

V1 
+ 

V1 
- 

V2 
+ 

V2 
- 

Γ2 Γ1 

021

01

2
21

2

2












T
V

V
S

V



 S11 and S22 are reflection coefficients at ports 
1 and 2 when the other port is matched 
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 S21 and S12 are signal amplitude gain when 
the other port is matched 
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 a,b 
 information about signal power AND signal phase 

 Sij 
 network effect (gain) over signal power including 

phase information 
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Impedance Matching 
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Impedance matching with lumped elements (L Networks) 
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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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   

Forbidden area for 
current network 



 

Forbidden area for 
current network 



Impedance Matching with Stubs 



 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 



 Shunt Stub 



 Series Stub 
 difficult to realize in single conductor line 

technologies (microstrip) 
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 load: 60 Ω series with 0.995 pF at 2GHz 
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 series line 

 electrical length E= β·l=θ 

 moves the reflection 
coefficient on the circle g=1 

 shunt stub 

 electrical length E= β·lsp=θsp 

 moves the reflection 
coefficient to the center of 
the Smith Chart (Γ0=0) 
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 After the series line with electrical length θ: 
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 Equations for computing the series line θ: 
 
 
 

 two solutions possible, in the 0180° range (add 
λ/2  180° as needed) 
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 Equations for computing the shunt stub θsp: 

   1Re Sy   S  2cos

   































j

S

j
S

j
S

j
S

S
e

e

e

e

j
y

2*

2*

2

2

1

1

1

1

2

1
Im j

SS e

  
           

      

























22

2222

11

1111

2

1
Im

j
S

j
S

j
S

j
S

j
S

j
S

S
ee

eeee

j
y

  
   

 

 

 








2cos21

2sin2

2cos21

22

2

1
Im

22

22



























SS

S

SS

j
S

j
S

S

ee

j
y

  
 
2

1

2sin2
Im

S

S

Sy






   S 2cos



 Equations for computing the shunt stub 
 
 
 

 two cases 
 
 
 
 
 
 

 
 The sign (+/-) chosen for the series line equation 

imposes the sign used for the shunt stub equation 

  
 







2
1

2sin2
Im

S

S
Sy




   S 2cos   2
12sin S 

  
2

1

2
Im

S

S
Sy









  02sin]180,0[2  

  2
12sin S 

  
2

1

2
Im

S

S
Sy






  02sin)0,180(2  

  2
12sin S 

  
2

1

2
Im

S

S
Sy








 We prefer (for microstrip) open circuited stub 
 

 The normalized susceptance to be introduced 
to achieve the match 

 Y(θ) is the admittance seen towards the source, 
Z0 parallel with j·B 
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 The sign (+/-) chosen for the series line equation 
imposes the sign used for the shunt stub equation 
 “+” solution 

 

 

 “-” solution 
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 We choose one of the two possible solutions 
 The sign (+/-) chosen for the series line equation 

imposes the sign used for the shunt stub equation 
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 Series Stub 
 difficult to realize in single conductor line 

technologies (microstrip) 
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 load: 100 Ω series with 6.37 nH at 2 GHz 
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 The sign (+/-) chosen for the series line equation 
imposes the sign used for the series stub equation 
 “+” solution 

 

 

 “-” solution 
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 We choose one of the two possible solutions 
 The sign (+/-) chosen for the series line equation 

imposes the sign used for the series stub equation 
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 Double stub tuning 
 uses two tuning stubs in fixed positions (a 

fixed length of line between the stubs) 



 same load: 60 Ω series with 0.995 pF at 2GHz 
 two possible solutions  



 two possible solutions 



 Typically d=λ/8 or d=3λ/8  
 Not possible for every load 

 unless we can add a specific length of line 
between the load and the first stub 







 



 



 Charaterized with S parameters 
 normalized at Z0 (implicit 50Ω) 
 Datasheets: S parameters for specific bias 

conditions 
 









 Touchstone file format (*.s2p) 

! SIEMENS Small Signal Semiconductors 
! VDS = 3.5 V     ID = 15 mA      
# GHz  S  MA  R  50 

!  f         S11            S21            S12            S22 

! GHz     MAG   ANG      MAG   ANG      MAG   ANG      MAG   ANG 

 1.000 0.9800  -18.0   2.230  157.0  0.0240   74.0  0.6900  -15.0 

 2.000 0.9500  -39.0   2.220  136.0  0.0450   57.0  0.6600  -30.0 

 3.000 0.8900  -64.0   2.210  110.0  0.0680   40.0  0.6100  -45.0 

 4.000 0.8200  -89.0   2.230   86.0  0.0850   23.0  0.5600  -62.0 

 5.000 0.7400 -115.0   2.190   61.0  0.0990    7.0  0.4900  -80.0 

 6.000 0.6500 -142.0   2.110   36.0  0.1070  -10.0  0.4100  -98.0 

!  
!  f       Fmin   Gammaopt  rn/50 

! GHz       dB    MAG  ANG    - 
 2.000     1.00  0.72   27   0.84 

 4.000     1.40  0.64   61   0.58 
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 similarly 
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 C3 
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 Signal power 
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 Power available from the source 
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 Power available on the load (from the network) 
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 Power Gain 
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 The actual power gain introduced by the 
amplifier is less important because a higher gain 
may be accompanied by a decrease in input 
power (power actually drained from the source) 

 We prefer to characterize the amplifier effect 
looking to the power actually delivered to the 
load in relation to the power available from the 
source (which is a constant) 
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 Available power gain 
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 Transducer power gain 
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 Unilateral transducer power gain 
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 For an amplifier two-port we are interested in: 
 stability 
 power gain 
 noise (sometimes – small signals) 
 linearity (sometimes – large signals) 
 



Preview (pentru laborator 3-4) 



 Daca ipoteza tranzistorului unilateral este 
justificata: 
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 Daca ipoteza tranzistorului unilateral este justificata: 
 castigul adaugat prin adaptare mai buna la intrare nu 

depinde de adaptarea la iesire 

 castigul adaugat prin adaptare mai buna la iesire nu 
depinde de adaptarea la intrare 

 Adaptarile la intrare/iesire pot fi tratate independent 
 Se pot impune cerinte diferite intrare/iesire 

 se tine cont de compunerea castigurilor generate 
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Cercuri 
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 Ecuatia unui cerc in planul complex in care reprezint ΓS 

 Interpretare: Orice punct ΓS care reprezentat in planul 
complex se gaseste pe cercul desenat pentru gcerc = Gcerc/GSmax 
va conduce la obtinerea castigului GS = Gcerc 
 Orice punct in exteriorul acestui cerc va genera un castig GS < Gcerc 

 Orice punct in interiorul acestui cerc va genera un castig GS > Gcerc 
 Discutie similara la iesire CCCIN, CCCOUT 
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 Cercurile se reprezinta pentru valorile cerute in dB 
 Este utila calcularea GSmax si GLmax anterior 



 Factorul de zgomot F caracterizeaza 
degradarea raportului semnal/zgomot intre 
intrarea si iesirea unei componente 

oo

ii

NS
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Cercuri 



Γopt = 0.45 174° 





 Amplificator de zgomot redus 
 La intrare e necesar un compromis intre 

 zgomot (cerc de zgomot constant la intrare) 

 castig (cerc de castig constant la intrare) 

 stabilitate (cerc de stabilitate la intrare) 

 La iesire zgomotul nu intervine (nu exista 
influenta). Compromis intre: 

 castig (cerc de castig constant la iesire) 

 stabilitate (cerc de stabilitate la iesire) 



 Daca se sacrifica 1.2dB castig la intrare pentru conditii 
convenabile F,Q (Gs = 1 dB) 

 Se prefera obtinerea unui zgomot mai mic  



 CCCOUT: -0.4dB, -0.2dB, 0dB, +0.2dB 
 Lipsa conditiilor privitoare la zgomot  ofera posibilitatea 

obtinerii unui castig mai mare (spre maxim) 



 De obicei un tranzistor potrivit pentru implementarea unui 
LNA la o anumita frecventa va avea cercurile de castig la 
intrare si cercurile de zgomot in aceeasi zona pentru ΓS 



 Microwave and Optoelectronics Laboratory 
 http://rf-opto.etti.tuiasi.ro 
 rdamian@etti.tuiasi.ro 

 


