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2018/2019 



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

laboratory) 
 Lectures- associate professor Radu Damian 
 Friday 09-11, II.13 
 E – 50% final grade 
 problems + (2p atten. lect.) + (3 tests) + (bonus activity) 

▪ 3p=+0.5p 

 all materials/equipments authorized 
 Laboratory – associate professor Radu Damian 
 Wednesday 12-14, II.12 odd weeks 
 L – 25% final grade 
 P – 25% final grade 



 http://rf-opto.etti.tuiasi.ro  



 
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 





 complex numbers 
 in the complex plane 
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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 



 Scattering parameters 
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               meaning: port 2 is terminated in 
matched load to avoid reflections towards 
the port 
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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) 



|Γ|=1 
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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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 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 with Stubs 
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 Shunt Stub 



 Series Stub 
 difficult to realize in single conductor line 

technologies (microstrip) 



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

Microstrip 
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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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 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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 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) 

  SPP LinSinin ,, 

  SPP LinSLL ,, 



 Available power gain 
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 Transducer power gain 
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 Unilateral transducer power gain 
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 012 S

Input  and output can be 
treated independently 

 Linin 

11Sin 



 For an amplifier two-port we are interested in: 
 stability 
 power gain 
 noise (sometimes – small signals) 
 linearity (sometimes – large signals) 
 



Stability 



 For an amplifier two-port we are interested in: 
 stability 
 power gain 
 noise (sometimes – small signals) 
 linearity (sometimes – large signals) 
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 conditions to be met by ΓL to achieve (input) 

stability 

 similarly Zout  
 conditions to be met by ΓS to achieve (output) 

stability 

inZ



 We can calculate conditions to be met by ΓL 
to achieve stability 
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 We can calculate conditions to be met by ΓS 
to achieve stability  



 determinant of the S matrix 
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 We obtain the equation of a circle in the 
complex plane, which represents the locus of 
ΓL for the limit between stability and 
instability (|Γin| = 1) 

 This circle is the output stability circle (ΓL) 
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 Similarly 
 

 We obtain the equation of a circle in the 
complex plane, which represents the locus of 
ΓS for the limit between stability and 
instability (|Γout| = 1) 

 This circle is the input stability circle (ΓS) 
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 The output stability circle represents the 
locus of ΓL for the limit between stability 
and instability (|Γin| = 1) 

 The circle divides the complex planes in two 
areas, the inside and the outside of the circle 

 The two areas will represent the locus of ΓL 
for stability (|Γin|<1) / instability (|Γin|>1) 



 Two cases possible: (a) stable outside/ (b) stable inside 



 Identification of the stability / instability regions 

 Center of the Smith Chart in ΓL complex plane 
correspond to  ΓL = 0 

 Input reflection coefficient 

 

 

 A decision can be made based on |S11| value the 
position of the center of the Smith chart (origin of the 
complex plane) relative to the circle 
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 Output stability circle 
 |S11| < 1  the center of the Smith chart on which ΓL is 

represented is a stable point, so it’s placed in the 
stability region (most often situation) 

 |S11| > 1  the center of the Smith chart on which ΓL is 
represented is a unstable point, so it’s placed in the 
instability region  

 Input stability circle 
 |S22| < 1  the center of the Smith chart on which ΓS is 

represented is a stable point, so it’s placed in the 
stability region (most often situation)  

 |S22| > 1  the center of the Smith chart on which ΓS is 
represented is a unstable point, so it’s placed in the 
instability region  



 ATF-34143 at Vds=3V  Id=20mA. 
 @5GHz 

 S11 = 0.64139° 

 S12 = 0.119-21° 

 S21 = 3.165 16° 

 S22 = 0.22 146° 

 

!ATF-34143 
!S-PARAMETERS at Vds=3V  Id=20mA.   LAST UPDATED 01-29-99 
 
# ghz s ma r 50  
 
2.0  0.75  -126  6.306  90  0.088  23  0.26  -120 
2.5  0.72  -145  5.438  75  0.095  15  0.25  -140 
3.0  0.69  -162  4.762  62  0.102  7  0.23  -156 
4.0  0.65  166  3.806  38  0.111  -8  0.22  174 
5.0  0.64  139  3.165  16  0.119  -21  0.22  146 
6.0  0.65  114  2.706  -5  0.125  -35  0.23  118 
7.0  0.66  89  2.326  -27  0.129  -49  0.25  91 
8.0  0.69  67  2.017  -47  0.133  -62  0.29  67 
9.0  0.72  48  1.758  -66  0.135  -75  0.34  46 
 
!FREQ   Fopt    GAMMA OPT       RN/Zo 
!GHZ     dB     MAG     ANG      - 
 
2.0  0.19  0.71  66  0.09 
2.5  0.23  0.65  83  0.07 
3.0  0.29  0.59  102  0.06 
4.0  0.42  0.51  138  0.03 
5.0  0.54  0.45  174  0.03 
6.0  0.67  0.42  -151  0.05 
7.0  0.79  0.42  -118  0.10 
8.0  0.92  0.45  -88  0.18 
9.0  1.04  0.51  -63  0.30 
10.0  1.16  0.61  -43  0.46 



 ATF-34143 
 at  

 Vds=3V   

 Id=20mA. 



 S parameters 
 S11 = -0.483+0.42·j 
 S12 = 0.111-0.043·j 
 S21 = 3.042+0.872·j 
 S22 = -0.182+0.123·j 

 | S22 | < 1 
 |CL| < RL , 0CSOUT 
 The center of the Smith chart is placed inside the 

output stability circle (0CSOUT) and is a stable 
point 
 the inside of the output stability circle – stability region 
 the outside of the output stability circle – instability 

region  
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 S parameters 
 S11 = -0.483+0.42·j 
 S12 = 0.111-0.043·j 
 S21 = 3.042+0.872·j 
 S22 = -0.182+0.123·j 

 | S11 | < 1 
 |CS| > RS , 0CSIN 
 The center of the Smith chart is placed outside 

the input stability circle (0CSIN) and is a stable 
point 
 the outside of the input stability circle – stability region 
 the inside of the input stability circle – instability region 
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 High variations -> we change to z logarithmic 
scale 



 log10|Γin|, log10|Γout| 



 |Γ| = 1  log10|Γ| = 0, the intersection with the 
plane z = 0 is a circle 





 log10|Γin| = 0, ΓL, CSOUT 
log10|Γin| = 0, 
|Γin| = 1 



 log10|Γout| = 0, ΓS, CSIN 
log10|Γout| = 0, 
|Γout| = 1 
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