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 Not customized 



 
0 dBm = 1 mW 
 
3 dBm = 2 mW 
5 dBm = 3 mW 
10 dBm = 10 mW 
20 dBm = 100 mW 
 
-3 dBm = 0.5 mW 
-10 dBm = 100 W 
-30 dBm = 1 W 
-60 dBm = 1 nW 

0 dB = 1 
 
+ 0.1 dB = 1.023 (+2.3%) 
+ 3 dB = 2 
+ 5 dB  = 3 
+ 10 dB = 10 
 
-3 dB = 0.5 
-10 dB = 0.1 
-20 dB = 0.01 
-30 dB = 0.001 

dB = 10 • log10 (P2 / P1) dBm  = 10 • log10 (P / 1 mW) 

[dBm] + [dB] = [dBm]  

[dBm/Hz] + [dB] = [dBm/Hz]  

[x] + [dB] = [x]  



 Complex numbers arithmetic!!!! 
 z = a + j · b ; j2 = -1 
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V(z,t) 

Δz 

I(z+Δz,t) 

V(z+Δz,t) 
L·Δz R·Δz 

G·Δz C·Δz 

 TEM wave propagation, at least two conductors 
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 Total power delivered to the load = Incident 
power – “Reflected” power 

 Return “Loss” [dB] 

 time-average Power flow along the line 
 
 
 
 

   zjzj eeVzV   
0    zjzj ee

Z

V
zI 



 

0

0

      222*

0

2

0*
1Re

2

1
Re

2

1
 



zjzj

avg ee
Z

V
zIzVP 

 2

0

2

0
1

2

1




Z

V
Pavg

  Im*  zz

 dBlog20RL 



 input impedance of a length l of transmission 
line with characteristic impedance Z0 , loaded 
with an arbitrary impedance ZL 
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 l = k·λ/2 
 l = λ/4 + k·λ/2 
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 quarter-wave transformer 



Impedance Matching with Impedance Transformers (Lab 1) 
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 Power reflection 
 Power of the reflected wave 
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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) some of the power is 
reflected Pr = Pa – PL 

 The power is a scalar ! 
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Lecture 3-4 
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 Scattering parameters 
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               meaning: port 2 is terminated in 
matched load to avoid reflections towards 
the port 
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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



 S matrix can be extended to multiple ports 
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 Sii is the reflection coefficient seen looking into 
port i when all other ports are terminated in 
matched loads 

 Sij is the transmission coefficient from port j 
(second index) to port i (first index) when all 
other ports are terminated in matched loads 



 If port i is connected to a 
transmission line with 
charateristic impedance  Zoi 

 Lecture 2 
 
 

 Relation to Z matrix 
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In the port’s reference 
plane, z=0 



 We define the power wave amplitudes a and b 
 
 
 
 

 Total voltage and current in terms of the power 
wave amplitudes 
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the incident power wave 

the reflected power wave 



 The scattering matrix for power waves, [Sp] 
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 they 
coincide!!! 



 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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 a,b 
 information about signal power AND signal phase 

 Sij 
 network effect (gain) over signal power including 

phase information 
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 Vector Network Analyzer 



Impedance Matching 
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 transmission line 
 100Ω characteristic impedance 
 0.3λ length 
 ZL = 40Ω+j·70Ω load 

 Zin=? 
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 transmission line 
 100Ω impedance 
 0.3λ length 
 ZL = 40Ω+j·70Ω load 

 normalization with Z0 = 100Ω 
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normalization ZL  zL allows using the 
same chart for any reference impedance 
Z0 (the plot becomes independent of the 
chosen Z0 ) 
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 Rearranged 

  22

22

1

1

ir

ir
Lr






  22
1

2

ir

i
Lx






2

2

2

1

1

1 






















L

i

L

L
r

rr

r

 
22

2 11
1 



















LL

ir
xx

Im Γ 

Re Γ 

|Γ|=1 

+1 

+1 

-1 

|Γ| 

θ=arg Γ 



Re Γ (=x) 

+1 

+1 

-1 

-1 

x0 

y0 

R 

    22
0

2
0 Ryyxx 

Im Γ (=y) 



 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 
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rL = 1 

Im Γ 



 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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 Circles in the (Γr , Γi) complex plane 
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