
Lecture 8
2023/2024



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

laboratory)
 Lectures- associate professor Radu Damian
▪ Tuesday 16-18, Online, P8

▪ E – 50% final grade

▪ problems + (2p atten. lect.) + (3 tests) + (bonus 
activity)
▪ first test L1: 20-27.02.2024 (t2 and t3 not announced, lecture)

▪ 3att.=+0.5p

▪ all materials/equipments authorized



 Laboratory – associate professor Radu Damian

▪ Tuesday 08-12, II.13 / (08:10)

▪ L – 25% final grade

▪ ADS, 4 sessions 

▪ Attendance + personal results

▪ P – 25% final grade

▪ ADS, 3 sessions (-1? 20.02.2024)

▪ personal homework



 http://rf-opto.etti.tuiasi.ro
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 New online exams

▪ Supplemental points for lectures 3, 4, 5



 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 > Week4-Week6 

▪ used at lectures/laboratory



 access to online exams requires the password 
received by email



 received by email



 The online exam app used for:

▪ lectures (attendance)

▪ laboratory

▪ project

▪ examinations



 always against a timetable

▪ long period (lecture attendance/laboratory results)

▪ short period (tests: 15min, exam: 2h)



  many numerical values/files



  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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 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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General theory
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               meaning: port 2 is terminated in 
matched load to avoid reflections towards 
the port
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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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 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



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



 Transmission lines
 Impedance matching and tuning
 Directional couplers
 Power dividers
 Microwave amplifier design
 Microwave filters
 Oscillators and mixers ?
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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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Forbidden area for 
current network



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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 load: 60 Ω series with 0.995 pF at 2GHz
 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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Shunt Stub



 d (which implies t) is chosen so that:

LL

L

L XjR
Y

Z +==
1

( )
( ) tXjRjZ

tZjXjR
ZZ

LL

LL

++

++
=

0

0
0

dt
not

= tan
Z

BjGY
1

=+=

( )
( )20

2

21

tZXR

tR
G

LL

L

++

+
=

( ) ( )

( ) 2
0

2
0

00
2

tZXRZ

tZXtXZtR
B

LL

LLL

++

+−−
=

0

0

1

Z
YG ==

( ) ( ) 02 22
00

2
00 =−−+−− LLLLL XRZRtZXtZRZ



 second grade equation, 2 solutions possible
 d computed from t
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 compensating susceptance is: 

 for negative lengths we add λ/2 



 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 0180° range 
▪ add λ/2  180° as needed
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 Equations for computing the shunt stub θsp:
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 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
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 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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 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

( ) 




+

−
=

472.1

472.1
Im Sy





+

=+−
=

8.55

2.1241808.55
sp( )





−

+
=+

35.126

35.126
2








=

4.93

7.39


 =



= 110.0

360

7.39
1l

 =



= 345.0

360

2.124
2l

 =



= 259.0

360

4.93
1l

 =



= 155.0

360

8.55
2l



Sectiune de linie serie



 Series Stub
 difficult to realize in single conductor line 

technologies (microstrip)



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

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

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

▪ short-circuited
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 load: 100 Ω series with 6.37 nH at 2 GHz
 two solutions possible 
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Series Stub



 d (which implies t) is chosen so that:
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 second grade equation, 2 solutions possible
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 compensating reactance is: 

 for negative lengths we add λ/2

( ) ( )

( ) 2
0

2
0

00
2

tYBGY

tYBtBYtG
X

LL

LLL

++

+−−
=



 load: 100 Ω series with 6.37 nH at 2 GHz
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 series line

▪ electrical length E= β·l=θ

▪ moves the reflection 
coefficient on the circle r=1

 series stub

▪ electrical length E= β·lss=θss

▪ 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 0180° range (add 
λ/2  180° as needed)
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 Equations for computing the series stub θss:
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 Equations for computing the series stub θss:

 two cases:

 The sign (+/-) chosen for the series line equation 
imposes the sign used for the series stub equation

( ) 
( )


−

+
=

2
1

2sin2
Im

S

S

Sz




( ) =+ S 2cos ( ) 2
12sin S−=+ 

( ) 
2

1

2
Im

S

S

Sz
−


=

( ) 02sin]180,0[2 ++ 

( ) 2
12sin S−=+ 

( ) 
2

1

2
Im

S

S

Sz
−


=

( ) 02sin)0,180(2 +−+ 

( ) 2
12sin S−−=+ 

( ) 
2

1

2
Im

S

S

Sz
−

−
=



 We prefer (for microstrip) open circuited stub

 The normalized reactance to be introduced to 
achieve the match

▪ Z(θ) is the impedance seen towards the source, 
Z0 series with j·X
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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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 We choose one of the 8 possible solutions 
(series/shunt, oc./sc.), taking into account:

▪ physical dimensions (area occupied on chip/board)

▪ sensitivity of the match on length error (ΔΓ/ΔE, ΔΓ/Δl)

▪ convenient frequency behavior (bandwidth)



 We choose one of the 8 possible solutions 
(series/shunt, oc./sc.), taking into account :

▪ physical realizability (in the line technology we use)

 Main disadvantage:

▪ requires a variable length of line between the load 
and the stub
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 Shunt Stub
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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

( ) 




+

−
=

472.1

472.1
Im Sy





+

=+−
=

8.55

2.1241808.55
sp( )





−

+
=+

35.126

35.126
2








=

4.93

7.39


 =



= 110.0

360

7.39
1l

 =



= 345.0

360

2.124
2l

 =



= 259.0

360

4.93
1l

 =



= 155.0

360

8.55
2l



 Series Stub
 difficult to realize in single conductor line 

technologies (microstrip)
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 The sign (+/-) chosen for the series line equation 
imposes the sign used for the series stub equation
▪ “+” solution

▪ “-” solution

( ) +=+− 28.56292.29  = 1.43 335.1
1

2
Im

2
+=

−

+
=

S

S

Sz

( ) ( ) =→+−=−= − 2.1431808.36Imcot 1

ssSss z 

( ) =→+−= 8.1661802.13 

335.1
1

2
Im

2
−=

−

−
=

S

S

Sz

( ) S=+  2cos
2

1

1

2
cot

S

S

ss l
−


== −




−= 92.29555.0S

−== 92.29;555.0 S
( ) =+ 555.02cos  ( ) =+ 28.562

( ) −=+− 28.56292.29 

( ) =−= − 8.36Imcot 1

Sss z



 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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 adding or subtracting 180° (λ/2) doesn’t change 
the result (full rotation around the Smith Chart) 

▪ if the lines/stubs result with negative  “length”/ 
“electrical length” we add λ/2 / 180° to obtain 
physically realizable lines

 adding or subtracting 90° (λ/4) change the stub 
impedance:

▪ for the stub we can add or subtract 90° (λ/4) while in 
the same time changing open-circuit  short-circuit

=== 180 lE N= kkl ,
2



lZjZlZjZ ginscin −==  cottan 0,0,



Adaptarea cu doua sectiuni de linie



 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 
▪ d -> 0 and d -> λ/2 offer frequency sensitive solutions

 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
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 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
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!  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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