
Lecture 4 
2020/2021 



 2C/1L, MDCR 
 Attendance at minimum 7 sessions (course + 

laboratory) 
 Lectures- associate professor Radu Damian 

 Wednesday 15-17, Online, Microsoft Teams 

 E – 50% final grade 

 problems + (2p atten. lect.) + (3 tests) + (bonus 
activity) 

▪ 3p=+0.5p 

 all materials/equipments authorized 

 



 Laboratory – associate professor Radu Damian 

 Thursday 10-12, II.13 / (Online) 

 L – 25% final grade 

▪ ADS, 4 sessions  

▪ Attendance + personal results 

 P – 25% final grade 

▪ ADS, 2 sessions (-1~25.02.2021) 

▪ personal homework 

 



 RF-OPTO 

 http://rf-opto.etti.tuiasi.ro 

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

 1 exam problem  Pozar 

 Photos 

 sent by email/online exam 

 used at lectures/laboratory 



 Profile photo – online “exam” 



 access to online exams requires the password 
received by email 



  many numerical values 

√ 

× 



 

Grade = Quality of the work + 

+ Quality of the submission 





 Transmission lines 
 Impedance matching and tuning 
 Directional couplers 
 Power dividers 
 Microwave amplifier design 
 Microwave filters 
 Oscillators and mixers ? 
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 TEM wave propagation, at least two conductors 



 time domain 
 
 
 
 

 armonic signals (frequency domain) 
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 voltage reflection 
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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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 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 



 ZL = 0 
 purely imaginary for any 

length l 

 +/-  depending on l value 
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 ZL = ∞ → 1 / ZL = 0 
 purely imaginary for any 

length l 

 +/-  depending on l value 
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 SWR is defined as the ratio between maximum and 
minimum 
 (Voltage) Standing Wave Ratio 

 
 

 real number 1 ≤ VSWR <  
 a measure of the mismatch (SWR = 1 means a matched line) 
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Power transfer 



 Transmission lines 
 Impedance matching and tuning 
 Directional couplers 
 Power dividers 
 Microwave amplifier design 
 Microwave filters 
 Oscillators and mixers ? 



 Source matched to load ? 
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 impedance values ? 
 existence of 

reflections ? 
 



 Source matched to load 
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 Power dissipated on load 
 Ri = 50Ω 

 RL = 0  PL = 0  

 RL = ∞  PL = 0 
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 Source matched to load 
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 Matching 
 maximum power transmitted to the load 

 condition? 
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 E = 10V 
 Zi = 50 Ω +j∙50Ω 
 PL(ZL) ? 
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 Pa : Available Power 
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 Any impedance Z0 chosen as reference 
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 complex numbers 
 in the complex plane 
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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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reflection coefficient 
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The quarter-wave transformer 



 Feed line – input line with characteristic 
impedance Z0 

 Real load impedance RL 

 We desire matching the load to the fider with 
a second line with the length λ/4 and 
characteristic impedance Z1 
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 In the  feed line (Z0) we have only progressive 
wave 

 In the quarter-wave line (Z1) we have standing 
waves 
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 The Multiple-Reflection Viewpoint 



 The Multiple-Reflection 
Viewpoint 
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  (only) at f0  
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 matching quality  power reflection coefficient 
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 we assume that the operating frequency is 
near the design frequency (narrow bandwidth)  
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 we set a maximum value Гm for an acceptable 
reflection coefficient magnitude then the 
bandwidth of the matching transformer, θm 
 
 
 
 

 for TEM lines 
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 When non-TEM lines (such as waveguides) are 
used, the propagation constant is no longer a 
linear function of frequency, and the wave 
impedance will be frequency dependent, but in 
practice the bandwidth of the transformer is 
often small enough that these complications do 
not substantially affect the result 

 We ignored also the effect of reactances 
associated with discontinuities when there is a 
step change in the dimensions of a transmission 
line (Z0 -> Z1). This can often be compensated by 
making a small adjustment in the length of the 
matching section 



 Bandwidth depends on the initial mismatch 

increased bandwidth 
for smaller load 
mismatches 



 A quarter-wave matching transformer to 
match a 10Ω load to a 50 Ω transmission line at 
f0=3GHz 

 Determine the percent bandwidth for SWR<1.5 



 ADS Simulation 
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Impedance Matching with Impedance Transformers (Lab 1) 



 The quarter-wave transformer can match any 
real load to any feed line impedance 

 If a greater bandwidth for the match is 
required we must use multiple sections of 
transmission lines transformers: 

 binomial 

 Chebyshev 
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 If the discontinuities between the 
impedances Z1  Z2 and Z2  ZL are 
small we can approximate 






 
0

2
23

2
321121

n

jnnnj eeTT 

1
1

1

0









x
x

x
n

n





j

j

e

e
2

31

2
31

1 








je 2
31





 We also assume that all impedances 
increase or decrease monotonically 
across the transformer 

 This implies that all reflection coefficients 
will be real and of the same sign 

 Previously, 1 section 
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 assume that the transformer can be made 
symmetrical 
 

 Note that this does not imply that the 
impedances are symmetrical 
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 Input reflection coefficient 
 
 
 
 

 we can choose the coefficients so we obtain a 
desired behavior (of the polynomial) 
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 The response is as flat as possible near the 
design frequency, also known as maximally flat 

 For N sections the first N-1 derivatives of the 
|Γ(θ)| functions are annuled 
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 A, θ 0 , 0 length sections, the sections disappear 
 

 
 Binomial expansion 

 
 
 

 Reflection coefficient: 
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 Bandwidth, Γm maximum acceptable value 
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 Design a three-section binomial transformer 
to match a 30Ω load to a 100 Ω line at 
f0=3GHz, Γm=0.1 

 N = 3 
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 Similarly Lab. 1 

GHzf 169.2

  6105.33  GHz



 The response of this multisection impedance 
transformer is equal-ripple in passband 

 optimizes (increases) bandwidth at the 
expense of passband ripple 

 We match the Γ(θ) function with an desired 
Chebyshev  polynomial 



 equal-ripple 
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 equal-ripple 
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 We can show that: 
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 variable change 
so we map: 

 bandwidth -> [-1,1] 
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 We search the coefficients to obtain a Chebyshev 
polynomial  
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 We search coefficients of Γ(θ) function to obtain a Chebyshev  
polynomial  
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 A, θ 0 , 0 length sections, the sections disappear 

   mN

L

L TA
ZZ

ZZ
sec0

0

0 





 mNL

L

TZZ

ZZ
A

sec

1

0

0 





 
00

0 ln
2

11
sec

Z

Z

ZZ

ZZ
T L

mL

L

m

mN










 )(coshcosh)( 1 xnxTn


 





























































 

m

L

L

L

m

m

ZZ

NZZ

ZZ

N 2

ln
cosh

1
cosh

1
cosh

1
coshsec 01

0

01

 


mm

f

ff

f

f 4
2

2

0

0

0







Am 

 we compute θm for maximum acceptable 
value Γm (ripple) then bandwidth is: 



 Design procedure, approximate solutions  
 

 Sign of A depends on ZL <> Z0  
 Compute sec θm 

 Write down the Chebyshev polynomial for the 
order of your choice and identify cos kθ 
coefficients 

Am 
 mNL

L

TZZ

ZZ
A

sec

1

0

0 





           nNNNe n
jN 2cos2coscos2 10

n

n

n

Z

Z
 2ln 1

nnn ZZ  2lnln 1



 





 Design a three-section Chebyshev 
transformer to match a 30Ω load to a 100 Ω 
line at f0=3GHz, Γm=0.1 

 N = 3 
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 Similarly Lab. 1 
 

GHzf 096.3

  51017.43  GHz

  09925.0282.2  GHz



 G. L. Matthaei, L. Young, and E. M. T. Jones, 
Microwave Filters, Impedance-Matching 
Networks,and Coupling Structures, Artech 
House Books, Dedham, Mass. 1980 
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