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STUDENT DESIGN COMPETITION AT IEEE Ukrainian Microwave Week '26 
 
 
 
Title: Tunable impedance matching network 
 
 
Introduction 
 
The impedance of antenna in a telecommunication 
system may undergo significant variation as a result of 
user interaction with the system or changing 
environmental conditions. Practical examples include 
the influence of user's hand and head on a cellular 
phone, influence of the surrounding onto an IoT node 
etc. Strong impedance mismatch between the antenna 
feed point and the RF front-end electronics interfacing 
the antenna results in substantial drop of power 
efficiency or sensitivity of the system.  
 
When a power amplifier is directly coupled to an 
antenna, as shown in Fig. 1, the transducer power gain 
of the system is defined as: 
 

𝐺𝑇 =
𝑃𝐿

𝑃𝑆
= 1 − |𝛤𝐿|2,  (1) 

 
where 𝑃𝐿 is the power delivered to the load (antenna), 
𝑃𝑆 is the power available from the source (power 
amplifier), 𝛤𝐿 is the load reflection coefficient. It is 
assumed that 𝑍𝑆 is matched to the system characteristic 
impedance resulting in 𝛤𝑆 = 0. The VSWR of a practical 
antenna (e.g. in a cellular phone) may reach values of up 
to 20:1 (corresponding to the load reflection coefficient 

of |𝛤𝐿| =
20−1

20+1
≈ 0.9), resulting in the power gain of 𝐺𝑇 =

1 − 0.92 = 0.19, meaning that almost 80% of the power 
can be lost due to the impedance mismatch between the 
RF front-end and the antenna.  

 
A two-port impedance tuning network coupled between 
the source and load as shown in Fig. 2 may improve the transducer gain of the antenna system [1]:   
 

𝐺𝑇 =
𝑃𝐿

𝑃𝑆
=

1 − |𝛤𝐿|2

|1 − 𝑆22𝛤𝐿|2
|𝑆21|2, 

 (2) 

 
where 𝑆21 and 𝑆22 are the s-parameters of the impedance tuner.  
 
 
 
Design specification 
 
A two-port impedance tuning network optimized for the highest possible average transducer gain fulfilling 
the following specification shall be designed: 

• Operating frequencies: 700 MHz and 2.1 GHz. The impedance tuning network shall cover these two 
frequencies, operating at one frequency at a time.  

• The list of antenna reflection coefficients 𝛤𝐿 for which the tuner needs to be optimized is provided in 
the table below. The coefficients are valid for both operating frequencies.  

 

 
 

Fig. 1 Unmatched antenna system 
 
 

 
 

Fig. 2 Antenna system with impedance 
matching. 
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• Some reflection coefficients are weighted higher than the others, emphasizing the importance of low 
power loss in this region of the Smith Chart. 

• The impedance tuning network may have no more than 32 states to cover all specified reflection 
coefficients 𝛤𝐿 at two frequencies. 

 
 

 
 
The specified reflection coefficients can 
be generated using the following loop: 
 
for ρ = 0 : 0.3 : 0.9 

  for φ = 0 : 
𝜋

8
·

1

𝜌
 : 2𝜋 −

𝜋

8
 

        ΓL = ρ·e−jφ 
  end 
end 

    
Point 

Nr. (𝑖) 
Load reflection 

coefficient 𝜞𝑳(𝒊) 

Weight 

𝑤(𝑖) 
1 0.000000+j·0.000000 2 

2 0.300000+j·0.000000 1 

3 0.077646-j·0.289778 2 

4 -0.259808-j·0.150000 2 

5 -0.212132+j·0.212132 1 

6 0.150000+j·0.259808 1 

7 0.600000+j·0.000000 1 

8 0.476012-j·0.365257 1 

9 0.155291-j·0.579555 2 

10 -0.229610-j·0.554328 2 

11 -0.519615-j·0.300000 2 

12 -0.594867+j·0.078316 1 

13 -0.424264+j·0.424264 1 

14 -0.078316+j·0.594867 1 

15 0.300000+j·0.519615 1 

16 0.554328+j·0.229610 1 

17 0.900000+j·0.000000 1 

18 0.815677-j·0.380356 1 

19 0.578509-j·0.689440 1 

20 0.232937-j·0.869333 2 

21 -0.156283-j·0.886327 2 

22 -0.516219-j·0.737237 2 

23 -0.779423-j·0.450000 2 

24 -0.896575-j·0.078440 1 

25 -0.845723+j·0.307818 1 

26 -0.636396+j·0.636396 1 

27 -0.307818+j·0.845723 1 

28 0.078440+j·0.896575 1 

29 0.450000+j·0.779423 1 

30 0.737237+j·0.516219 1 
 

 

Fig. 3 Specification for the load reflection coefficients 𝛤𝐿. 
 

 
 
Evaluation process and scoring 
 

• The performance of designed tuner is evaluated using the following figure-of-merit (FOM) 
 

𝐺𝑇𝑀𝐴𝑋@700𝑀𝐻𝑧 =
1

∑ 𝑤(𝑖)30
𝑖=1

∑ 𝑤(𝑖) ∙ max
𝑠𝑡𝑎𝑡𝑒

{𝐺𝑇(700 𝑀𝐻𝑧, 𝑖, 𝑠𝑡𝑎𝑡𝑒)},

30

𝑖=1

 

𝐺𝑇𝑀𝐴𝑋@2.1𝐺𝐻𝑧 =
1

∑ 𝑤(𝑖)30
𝑖=1

∑ 𝑤(𝑖) ∙ max
𝑠𝑡𝑎𝑡𝑒

{𝐺𝑇(2.1 𝐺𝐻𝑧, 𝑖, 𝑠𝑡𝑎𝑡𝑒)},

30

𝑖=1

 

 
𝐹𝑂𝑀 =  (𝐺𝑇𝑀𝐴𝑋@700𝑀𝐻𝑧 + 𝐺𝑇𝑀𝐴𝑋@2.1𝐺𝐻𝑧)/2. 

 

 

  
(3) 

 
 

(4) 
 
 

(5) 
 

The meaning of 𝐹𝑂𝑀 is: for each of two frequencies and each of 30 specified load reflection coefficients 
𝛤𝐿 a maximum transducer gain over all possible tuner states is identified, the mean value of identified 
30 maximum transducer gains is calculated (GTMAX) considering the weight for each load reflection 
coefficient. The final FOM is an average of the GTMAX at 700 MHz and 2.1 GHz.  

• The designed impedance tuning network will be evaluated in Keysight ADS in a small-signal mode in 
50-Ω environment as follows: 

o The network will be attached to 2-port simulation setup; 
o At 700 MHz the setup will be swept over the specified load reflection coefficients and 32 network 

states, the 𝐺𝑇𝑀𝐴𝑋@700𝑀𝐻𝑧 according to (3) will be calculated; 
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o At 2.1 GHz the setup will be swept over the specified load reflection coefficients and 32 network 
states, the 𝐺𝑇𝑀𝐴𝑋@2.1𝐺𝐻𝑧 according to (4) will be calculated; 

o The figure of merit 𝐹𝑂𝑀 will be calculated using (5). 

• The 𝐹𝑂𝑀  shall be maximized for the best performing tuner. 
 
 
Detailed competition rules 
 

• Only the following parts, represented by the s-parameter models are allowed for the design of the 
impedance tuning network: 

o SP4T RF switch Infineon BGSA147ML10 provided as a set of s-parameter files for 16 states, 
o SMD inductors Murata LQW15AN****00 series provided as 2-port s-parameter models for 

all allowed parts, 
o SMD capacitors Murata GQM1555C2D****B01 series provided as 2-port s-parameter 

models for all allowed parts. 

• No other components besides mentioned above are allowed. 

• The designed network can be provided as: 
o Option 1, recommended: a parametrized schematic cell in Keysight ADS having only one 

parameter – a tuner state, specified as an integer number in the range of [0; 31]. See 
Fig. 4(a). 

o Option 2: a circuit diagram of the tuning network and a table with the states of SP4T switch 
for the 32 states of the tuning network can be provided. See Fig. 4(b). 

 
 
Additional information 
 
The organizer can provide: 

• s-parameter models for all parts allowed for design, 

• Keysight ADS project including  
o testbench in which the designed impedance tuning networks will be evaluated; 
o example tuning network cell, which might serve as a starting point for design; 
o s-parameter models for all parts allowed for design. 

 
Please contact Valentyn Solomko for the information and data. 
 
 
Recommended software 
 

• Keysight Advanced Design System (ADS). The possibilities of obtaining free student license can be 
checked at: https://www.keysight.com/find/eesof-university-codeword-request 

• Freeware alternative with limited set of features: QucsStudio, https://qucsstudio.de/ 
 
 
 
Committee contact information  
 
Valentyn Solomko, Infineon Technologies AG, Email: Valentyn.Solomko@infineon.com 
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Appendix 
 
In this section two possible options as deliverables for the student design competition are shown. The first 
(preferred) option is an ADS schematic cell with the network state in decimal format as the parameter of 
the cell. Alternatively, should the Keysight ADS software be unavailable for the task completion, a drawn 
circuit diagram is also accepted as a deliverable for participating in evaluation process.  
 

                     
 

(a)                                                                                             (b) 
 

Fig. 4 Design deliverables for the student design competition: (a) – option 1: parametrized schematic cell in 
Keysight ADS, (b) – option 2: drawn circuit diagram including table with network states. 

 
 
 
 

 
 

Fig. 5 Evaluation testbench for the designed impedance network in Keysight ADS. 


