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Abstract: In this work, effect of single and multisection matching with and without ideal lumped 
components on the impedance matching bandwidth was analyzed. Single and multisection L-matching 
networks are designed for parallel reactive (RC) load configuration at 10 GHz. The analysis showed that 
higher section matching with ideal components did not produce significant improvement in fractional 
bandwidth of matching network for complex parallel RC load. However, more wider impedance bandwidth 
can be obtained with lower section matching constituting of finite component quality factor (Q) lumped 
components.  
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1.  INTRODUCTION 

Matching networks are designed to ensure the maximum power transfer between the transmitter and 
receiver at the desired frequency range [1]. The maximization of the power transfer reduces the input 
reflection which is essential at every interface of the complete RF network for the achievement of higher 
overall efficiency of notwork. Both kinds of short and broadband conjugate matching network are 
designed depending on the requirements of the RF product or system [2, 3]. Besides the maximum power 
transfer, impedance matching is done to minimize the noise figure in low noise amplifier (LNA), 
achievement of maximum saturated output power for the power amplifiers (PA) and minimization of the 
ripples in the gain response of transmission line terminations [2 - 6]. Also the commercial ports of all RF 
products are designed with 50 Ω source and load impedance which also invokes the needs of impedance 
matching [7, 8]. Fig. 1 illustrate the typical source and load side impedance matching networks. Matching 
bandwidth is defined as the range for which the input reflection i.e. S11 is lower than the threshold or the 
transfer characteristics, i.e.,  S21 are higher than the threshold. 

The typical values of S11 and S21 threshold are -10 dB -3 dB respectively [1]. The matching network 
which has around 10 % fractional bandwidth is termed as narrow-band matching network, while the 
network with more than 30 % fractional bandwidth is known as broadband matching network [9]. L-
matching, T-matching and single stub transmission line matching networks are common choices for the 
narrow band matching. For the broadband matching, multisection L/T matching, multisection quarter-
wave transformer and tapered line matching are recommended [7, 8]. The lossless or low loss matching 
(with components having high quality factor Q like capacitors, inductors, transmission lines and 
transformers) have no or minimal power loss, and is usually results in narrow band matching [3-6]. The 
usage of lossy components having finite Q have power losses increase the power losses. However finite Q 
value increase the insertion loss which results in broadband matching.  
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In this work, we are presenting an analysis of the effect of single and multisection matching network 
with ideal and non-ideal passive components on the matching bandwidth. The single and multisection L-
matching network are designed for the parallel RC load impedance using the step-down transformation. 
Non-ideal components are modeled by using finite Q characteristics of those components in circuit 
simulator. Advanced design system [10] is used for the simulation of all matching circuits. Fractional 
bandwidth is calculated and compared for all matching strategies. Details of the matching network design 
strategy and analysis of results for ideal and lossy components are elaborated in the following sections. 
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Fig. 1. Impedance matching network: (a) Source side matching; (b) Load-side matching. 
 
 

2.  LOAD CONFIGURATION 

The analysis is performed for the a complex load impedance configuration constituting of resistive and 
capacitive components. The purpose is to the evaluate the effect of different matching strategies for the 
prototype load. Fig. 2 shows the load configuration. The load impedance contains a parallel network of 
resistor (R=200 Ω) and capacitor (C=1.2 pF). This complex load impedance (ZL) needs to be matched 
with standard 50 Ω source impedance (ZS). 

 
3.  L-MATCHING 

L-matching is categorized into two classes: step-up and step-down transformation. Fig. 3 depicts the 
difference between these two classes. Step-up transformation is done when the source impedance is 
higher than the load impedance. For the case where load impedance is higher than source impedance, step 
down transformation is applied. The main difference occurs in the calculations of the transformation ratio 
(m) and transformation quality factor (Q) depending on the type of the selected transformation. Fig. 2 in 
our case, is the step down transformation scenario.  
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                       Fig. 2. Load impedance details. 

 

The value of m and Q for a single section L-matching are computed using the Eq. 1. The computation 
of matching network components is dependent on the calculated values of m and Q. 

𝑚𝑚 =
𝑅𝑅𝑆𝑆
𝑅𝑅𝐿𝐿

→ 𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑢𝑢𝑠𝑠 

𝑚𝑚 =
𝑅𝑅𝐿𝐿
𝑅𝑅𝑆𝑆

 → 𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑 

𝑄𝑄 = (𝑚𝑚 − 1)
1
2  

For a multisection step-down transformation scenario as shown in Fig. 4.  

The overall transformation ratio ( m ), overall transformation  Q, per-stage ratio of transformation (
im ) and per-stage transformation ( iQ ) can be computed as follows [1]: 

𝑂𝑂𝑂𝑂𝑠𝑠𝑓𝑓𝑂𝑂𝑂𝑂𝑂𝑂 𝑇𝑇𝑓𝑓𝑂𝑂𝑑𝑑𝑠𝑠𝑓𝑓𝑓𝑓𝑓𝑓𝑚𝑚𝑂𝑂𝑠𝑠𝑇𝑇𝑓𝑓𝑑𝑑 𝑅𝑅𝑂𝑂𝑠𝑠𝑇𝑇𝑓𝑓:𝑚𝑚 =
𝑅𝑅𝐿𝐿
𝑅𝑅𝑆𝑆

= 𝑚𝑚𝑖𝑖
𝑁𝑁 

𝑂𝑂𝑂𝑂𝑠𝑠𝑓𝑓𝑂𝑂𝑂𝑂𝑂𝑂 𝑇𝑇𝑓𝑓𝑂𝑂𝑑𝑑𝑠𝑠𝑓𝑓𝑓𝑓𝑓𝑓𝑚𝑚𝑂𝑂𝑠𝑠𝑇𝑇𝑓𝑓𝑑𝑑 − 𝑄𝑄:𝑄𝑄 = (𝑚𝑚 − 1)
1
2 

𝑃𝑃𝑠𝑠𝑓𝑓 − 𝑆𝑆𝑠𝑠𝑂𝑂𝑆𝑆𝑠𝑠 𝑇𝑇𝑓𝑓𝑂𝑂𝑑𝑑𝑠𝑠𝑓𝑓𝑓𝑓𝑓𝑓𝑚𝑚𝑂𝑂𝑠𝑠𝑇𝑇𝑓𝑓𝑑𝑑 𝑅𝑅𝑂𝑂𝑠𝑠𝑇𝑇𝑓𝑓:𝑚𝑚𝑖𝑖 = �
𝑅𝑅𝐿𝐿
𝑅𝑅𝑆𝑆
�
1
𝑁𝑁

 

                   𝑚𝑚𝑖𝑖 = 𝑅𝑅𝐿𝐿
𝑅𝑅𝑖𝑖1

= 𝑅𝑅𝑖𝑖1
𝑅𝑅𝑖𝑖2

= 𝑅𝑅𝑖𝑖2
𝑅𝑅𝑖𝑖3

, … , = 𝑅𝑅𝑖𝑖(𝑁𝑁−1)

𝑅𝑅𝑖𝑖𝑁𝑁
 

𝑃𝑃𝑠𝑠𝑓𝑓 − 𝑆𝑆𝑠𝑠𝑂𝑂𝑆𝑆𝑠𝑠 𝑇𝑇𝑓𝑓𝑂𝑂𝑑𝑑𝑠𝑠𝑓𝑓𝑓𝑓𝑓𝑓𝑚𝑚𝑂𝑂𝑠𝑠𝑇𝑇𝑓𝑓𝑑𝑑 − 𝑄𝑄: 𝑄𝑄𝑖𝑖 = (𝑚𝑚𝑖𝑖 − 1)
1
2 

For a step-up transformation, the position of the LR  and SR  can be exchanged in the above design steps. 
 
4.  MATCHING STRATEGY WITH IDEAL COMPONENTS 

The impedance matching network for the load impedance of Fig. 2 are designed using step-down L-
matching technique. Three kinds of matching network: single section, double section and triple section 
are designed. It should be noted that the complex load impedance needs to converted to pure resistive 
impedance for the start of the impedance matching process using L section matching. For the complex 
load of Fig. 2, a shunt inductive components has to be added across the capacitive components to cancel 
the effect of complex components of load impedance. 

(1) 

(2) 
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Fig. 3. L-matching configurations (a) Step-up transformation (b) Step-down transformation. 
 
 

RiN = Rs Ri2 Ri1 RL

RL

Load

RS

Source

 
           Fig. 4. Multisection L-matching configuration for step-down transformation ( LS RR < ). 

The value of the shunt inductive element is calculated to make the complex part of the load 
impedance to zero. The value of Lshunt can be computed using the Eq. 3 at design frequency f = 10 GHz. 
The adding of Lshunt makes the load impedance pure resistive i.e ZL = RL = 200Ω. The values of this shunt 
inductive component can be combined with the final matching components of impedance matching 
network.  

𝐿𝐿𝑠𝑠ℎ𝑢𝑢𝑢𝑢𝑢𝑢 = 1
𝜔𝜔2𝐶𝐶

= 0.211𝑛𝑛𝑛𝑛 ;  𝜔𝜔 = 2 𝜋𝜋𝜋𝜋 

The comparison of the fractional bandwidth for each case is illustrated in the following subsections. 

(3) 
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4.1 Single Section L-matching 

The design steps for the single section L-matching with RL = 200 Ω and Rs = 50 Ω based on Eq. 2 are 
given below. 

𝑚𝑚 =
𝑅𝑅𝐿𝐿
𝑅𝑅𝑆𝑆

= 4 

𝑄𝑄 = (𝑚𝑚 − 1)
1
2 = 1.73 

𝑋𝑋𝐿𝐿1 = 𝑅𝑅𝐿𝐿
𝑄𝑄

= 115.47 Ω 

𝐿𝐿1 =
𝑋𝑋𝐿𝐿1
𝜔𝜔

= 1.83 𝑛𝑛𝑛𝑛 

𝑋𝑋𝐶𝐶1 = 𝑄𝑄 × 𝑅𝑅𝑠𝑠  = 86.5 Ω 

𝐶𝐶1 =
1
𝜔𝜔𝐶𝐶

= 0.183 𝑝𝑝𝑝𝑝 

For the single section matching, the value of combined inductance of matching network is 0.189 nH. 
Table 1 depicts the all parameters of the single section L-matching. The designed matching network is 
simulated in ADS and its schematic is shown in Fig. 5. As depicted from the smith chart result [Fig. 6], 
the network is perfectly matched with the 50 Ω source load. The simulated S-parameters of the designed 
single section matching network are shown in Fig. 7. The fractional bandwidth of the matching network is 
computed using the formula of Eq. 4. For the single section matching network, the fractional bandwidth is 
4.04 % which can be computed from Fig. 7. 

               𝑝𝑝𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑛𝑛𝐹𝐹𝐹𝐹 𝐵𝐵𝐹𝐹𝑛𝑛𝐵𝐵𝐵𝐵𝐹𝐹𝐵𝐵𝐹𝐹ℎ = 𝑓𝑓ℎ𝑖𝑖𝑖𝑖ℎ|𝑙𝑙𝑖𝑖𝑙𝑙𝑖𝑖𝑙𝑙−𝑓𝑓𝑙𝑙𝑙𝑙𝑙𝑙|𝑙𝑙𝑖𝑖𝑙𝑙𝑖𝑖𝑙𝑙

𝑓𝑓𝑟𝑟
%;  𝑊𝑊ℎ𝑒𝑒𝐹𝐹𝑒𝑒 𝐹𝐹𝐹𝐹𝑚𝑚𝐹𝐹𝐹𝐹 = 𝑆𝑆11 ≤ −10𝐵𝐵𝐵𝐵 (4) 

                                Table 1. Single section L-matching parameters. 
   

 

 
 
 
 
 
 

 

 

C = 1.2pFR = 50 Ω L1  Lshunt R = 200Ω 

C1Source Load

 
 

             Fig. 5. Single section matching network (see Table 1 for Component values). 

 1st Section 
m 4 
Q 1.73 

Lshunt (nH) 0.211 
XL (Ω) 115.4 
L (nH) 1.83 
XC (Ω) 86.5 
C (pf) 0.183 
Zin (Ω) 50.0 

 Broadband Matching for Complex Recative Load 247



 
 

Fig. 6. Smith chart results of single section matching network. 
 
 
 
 

 

 
Fig. 7. S-parameter results of single section matching network. 

 

4.2 Double Section L-matching 

The parameters of the designed dual section L-matching network are comuted using Eq. 2 and are shown 
in Table 2. The matching network is designed using the calculated parameters of Table 2 and its ADS 
schematic is shown in Fig. 8. Smith chart and scattering parameters of the matching network are shown in 
Fig. 9 and 10, respectively. The simulated fractional bandwidth in this case [Fig. 10] is 4.15 %. 
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                                   Table 2. Double section L-matching parameters. 

 1st Section 2nd Section 

m 2 2 

Q 1 1 

Lshunt (nH) 0.211 

XL (Ω) 200 100 

L (nH) 3.18 1.59 

XC (Ω) 100 50 

C (pf) 0.159 0.318 

Zin (Ω) 150 50.0 

 
 

L1  L2  

C1C2
Source

R = 50 Ω C = 1.2pFLshunt R = 200Ω 

Load

 
 

Fig. 8. Double section matching network (see Table 2 for Component values). 
 
 
 

 

 
 

Fig. 9. Smith chart results of double section matching network. 
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 Fig. 10. S-parameter results of double section matching network. 

 

 

4.3 Triple Section L-matching 

 The triple section matching network constitutes of three individual networks of L and C. Table 3 
illustrate the parameters values for this scenario which can be computed using Eq. 2. Fig. 11 depicts the 
circuit diagram of the triple section L-matching network with source and load. Scattering parameter 
results for this case are shown in Fig. 13. It can be noted from Fig. 13 that triple section matching network 
exhibit only 4.21  % which is slight higher than single and double section matching networks but still is 
quite low. 

 
                      Table 3. Triple section L-matching parameters. 

 1st Section 2nd Section Third Section 
m 1.58 1.58 1.58 
Q 0.76 0.76 0.76 

Lshunt (nH) 0.211 
XL (Ω) 260.95 164.39 103.55 
L (nH) 4.153 2.616 1.648 
XC (Ω) 95.56 60.83 38.32 
C (pf) 0.1648 0.2616 0.415 
Zin (Ω) 125.9 79.37 50.0 
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R = 50 Ω C = 1.2pFLshunt R = 200Ω 

Load

 

              Fig. 11. Triple section matching network (see Table 3 for Component values). 
  

 
 

Fig. 12. Smith chart results of triple section matching network. 
 

 
 

Fig. 13. S-parameter results of triple section matching network. 
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4.4 Four Section L-matching 

The designed parameter for the four section matching are shown in Table 4. ADS schematic of the four 
section L-matching network is depicted in Fig. 14. Fig. 15 and Fig.16 show the simulated smith chart and 
S-parameters results of the the designed matching network respectively. The computed fractional 
bandwidth of this higher section matching network (4.35  %) is still lower than even 10  % of the narrow-
band matching network limit. 
 
             Table 4. Fourth section L-matching parameters. 

 1st Section 2nd Section Third Section Fourth Section 
m 1.41 1.41 1.41 1.41 
Q 0.64 0.64 0.64 0.64 

Lshunt (nH) 0.211 

XL (Ω) 310.7 219.73 155.37 109.86 
L (nH) 4.958 3.497 2.472 1.748 

XC (Ω) 91.018 64.359 45.509 32.179 

C (pf) 0.174 0.247 0.349 0.494 

Zin (Ω) 141.42 100.0 70.71 50.0 
 

L1  L2  

C1C2

L3  

C3
Source

R = 50 Ω 

C4

L4  C = 1.2pFLshunt R = 200Ω 

Load

 

           Fig. 14. Fourth section matching network (see Table 4 for Component values). 
 

 
 

Fig. 15. Smith chart results of fourth section matching network. 
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Fig. 16. S-parameter results of fourth section matching network. 
 

4.5 Comparison of Results 

The comparison of the fractional bandwidth for all four cases of single, double, triple and four section L-
matching network is shown in Fig. 17. The results of Fig. 17 depicts that even the increase in number of 
matching section did not produce any significant improvement in the fractional bandwidth. The fractional 
bandwidth improvement difference is also not very high with the increase in matching network from three 
to four section. It shows that higher fractional bandwidth of more than 10  % or 30  % cannot be achieved 
with the ideal lumped components used for the all cases of single and multisection matching networks. 
For the achievement of broadband matching, the non-ideal components are good choice. The details of 
the enhancement in the matching bandwidth with non-ideal lumped components is elaborated in next 
section. 

 
                          Fig. 17. Comparison of single and multisection L-matching with ideal CL/ . 
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5.  MATCHING STRATEGY WITH NON-IDEAL COMPONENTS 

The fractional bandwidth can be increased by using lossy L and C components. The lossy L/C are 
modeled using finite Q value in the circuit simulation environment of ADS. The selected individual Q 
value for the lossy components is 2. The value of 2 is chosen after the turning of the matching network for 
good results. The schematic of the matching network with finite Q for triple section matching network is 
simialr to shown in Fig. 11 with same component values as shown in Table 3 with the finite Q values. 
Fig. 18 reflects the comparison of the increase in the fractional bandwidth with the lossy L/C. Fig. 18 
shows that fractional bandwidth for the three-section L-matching network with finite Q is 62.8  %. The 
lower section matching did not produce good results for the fractional bandwidth with the finite Q values. 

 

 
 

                       Fig. 18. Comparison of multisection L-matching with finite component Q . 

6  COMPARISON OF IDEAL AND LOSSY MATCHING 

The comparison of the fractional bandwidth of the matching network with lossy and ideal components is 
discussed in this section. Fig. 19 depicts the differences between the fractional bandwidth with ideal and 
lossy components having finite Q. It shows that significant improvement in fractional bandwidth (around 
60  %) is observed for the three section L-matching network with ideal (infinite component Q) and lossy 
components (finite component Q). This increase in bandwidth is due to to the reduction in the insertion 
loss of the matching network with finite component Q. 

The insertion loss for the multisection L-matching network can be written as in Eq. 5 [1]. The adding 
of additional sections lower the Q values which eventually reduces the insertion loss. However the 
optimum number of matching network has to be chosen as the adding of too many matching networks can 
counterbalance the benefit of lowering of the insertion loss and consequentially improvement in the 
fractional bandwidth of the matching network [1, 2, 6]. 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐿𝐿𝐼𝐼𝐼𝐼𝐼𝐼 (𝐼𝐼𝐿𝐿) ≡
𝑃𝑃𝐿𝐿
𝑃𝑃𝑖𝑖𝑖𝑖

= �
1

1 + 𝑄𝑄𝑖𝑖
𝑄𝑄𝑐𝑐

�

2𝑁𝑁

 

  (5) 

𝐼𝐼𝐿𝐿 ≅
1

1 + 2𝑁𝑁�𝑄𝑄
1
𝑁𝑁
𝑄𝑄𝑐𝑐
�
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Fig. 19. Comparison of three-section L-matching with Finite and Infinite Q . 

7  CONCLUSIONS 
This study has presented an in-depth analysis of effect of ideal and lossy components on bandwidth of the
matching network using L-matching. The ideal components produces very low fractional bandwidth even
with four-section L-matching, for a complex load of 200 Ω||1.2 pF. The three-section L-matching with
finite component Q value of 2 produces the 62.8 % fractional bandwidth. The lowering of quality factor
of individual components of the matching network reduces the insertion loss values and, hence, results in
a wider bandwidth of the matching circuit. The presented design of three-section L-matching with finite Q
value produces approximately 63 % matching bandwidth for 𝑆𝑆11 ≤ −10 dB. 
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