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Abstract 
 

In this paper, real frequency design of Pi and T matching 
networks with complex terminations is studied. Generally 
the generator and load termination impedances are given as 
measurement values. So they can be regarded as a resistor 
and a reactive element connected in series. To be able to 
design a Pi network, this series impedance models must be 
transformed to parallel models. But for T network designs, 
the assumed series models can be utilized, there is no need a 
transformation process. Then Pi or T matching networks can 
be designed via Q based method which is well defined in the 
literature. 

 
1. Introduction 

 
Narrowband impedance matching methods [1-8] have a very 

important role in the design of matching networks. Besides they 
can solve narrowband matching problems, also the designed 
narrowband networks can be used as an initial guess for 
broadband matching problems [9-11]. 

The maximum power transfer is the most important issue in 
the design of matching networks; which can be realized if 
conjugate matching is obtained. Therefore the input and output 
impedance of the designed LC matching network must be the 
conjugate of the termination impedances. 

Two-element L networks as seen in Fig. 1 are the simplest 
and most widely used narrow band impedance matching circuits 
and can easily be designed via the following equations [1]: 
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where SQ  is the quality factor of the series section, PQ  is the 

quality factor of the parallel section, LR  is the parallel load 

resistance, PX  is the parallel matching reactance, GR  is the 

series generator resistance, SX  is the series matching reactance. 

 
 

Fig. 1.  A typical two-element L matching network. 
 

Here PX  and SX  will be either a capacitor or an inductor 

but they must be opposite type of components. If a capacitor is 
connected as PX , then an inductor must be connected as SX , 

and vice-versa. 
If the termination impedances are purely resistive, then Q 

based method described above is used to design narrowband L 
matching networks. But usually the termination impedances are 
complex. Then absorption and resonance methods can be used. 

The conjugate matching condition can be met by using two-
element L matching networks [1]. But the loaded Q of the 
circuit is fixed by the given termination impedances. But it has 
been shown in the literature that if the three-element Pi or T 
matching networks seen in Fig. 2 are used, the designer can 
select the loaded Q of the circuit. Also Pi or T networks have a 
wider matchable region [6-8] than L networks. 

 
 

Fig. 2.  Three-element Pi and T matching networks. 
 

Pi and T networks can be regarded as two “back-to-back” L 
networks with a virtual resistor between two L networks. So 
these two L networks match the generator and load impedances 
to the virtual resistance. So each L network in Pi or T networks 
can be designed by using Q based method described above. 

 (a) 

 (b) 
 

Fig. 3.  a) The Pi network as two back-to back L networks., b) The T 
network as two back-to-back L networks. 

 
For Pi matching networks as seen in Fig. 3a, the virtual 

resistor and 1SX  form a series section, while 1PX  and GR  

form a parallel section. Similarly the virtual resistor and 2SX  



form a series section, and 2PX  and LR  form a parallel section. 

For T matching networks (Fig. 3b), the virtual resistor and 1PX  

form a parallel section, while 1SX  and GR  form a series 

section. On the other hand, the virtual resistor and 2PX  form a 

parallel section, and 2SX  and LR  form a series section. 

There are lots of studies about this kind of matching 
networks in the literature. The Q based method is studied 
systematically to design Pi matching networks in [4,5]; design 
formulae based on the loaded Q are analytically obtained. A 
method for determining the matching domain of impedance 
matching networks is presented in [6,13]. The studies are 
focused on the Pi networks, but the proposed method is 
applicable to the T networks. 

The analysis and design considerations for lumped element 
matching networks operating at high efficiency are presented in 
[14]. In this work, only low-pass and high-pass single stage L 
matching networks are studied, since Pi and T matching 
networks have lower efficiency than an equivalent L matching 
network [15]. 

In [16], a tunable impedance matching network is applied to 
achieve very widely tunable antennae. In this work, a T 
matching network is selected since Pi and T networks are 
confined to carry out high selectivity and a wide scope of 
tunable impedance dynamic ranges. 

 
2. The Proposed Approach 

 
Usually the generator and load impedances are given as 

measurement values at the interested frequency. Suppose they 
are measured as 

GGG jXRZ += ,     (2a) 

LLL jXRZ += .     (2b) 

These impedances can be regarded as a resistor ( GR  or LR ) 

and a reactive element connected in series (Fig. 4), whose 
reactance is GX  or LX  at the matching frequency. 

Suppose a Pi network will be designed. As seen in Fig. 3a, 
the series sections (the virtual resistor- 1SX section and the 

virtual resistor- 2SX  section) are already exist. So the generator 

impedance- 1PX  section and the load impedance- 2PX  section 

must form the parallel sections. Then it is clear that both of the 
given termination impedance values must be modeled as a 
parallel configuration. For instance, a complex termination 
impedance ( jXRZ += ) can be modeled as a resistor ( pR ) and 

a reactive element ( pX ) connected in parallel as seen in Fig. 4. 

 
 

Fig. 4.  Series to parallel transformation. 
 

The new element values seen in Fig. 4 can be calculated as 

)1( 2 += QRRP  and 
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respectively. 
Now we have the necessary series and parallel sections in 

each L networks, which can be designed via Q based method. 
But the explained series to parallel transformation is not 
required for T matching network design since the termination 
impedances and 1SX , 2SX  reactances already form the series 

sections of the L networks, and the virtual resistor, 1PX  and 

2PX  form the parallel sections as seen in Fig. 3b. 

In the next section, the given examples will illustrate the 
utilization of the proposed approach. 

 
3. Examples 

 
Suppose at GHz1 , the generator and load impedances are 

measured as Ω+= 2832.650 jZG , Ω−= 0477.456957.71 jZL , 

respectively. A Pi matching network with 5=Q  is desired. 
The given generator impedance value can be modeled as a 

resistor ( Ω= 7896.50,PGR ) connected in parallel with an 

inductor ( nHL PG 326.64, = ), and the given load impedance 

value can be modelled as a resistor ( Ω= 100,PLR ) connected in 

parallel with a capacitor ( pFC PL 1, = ). 

Since PGPL RR ,, > , first calculate 2SX  and 2PX  values. 

The virtual resistor value can be found as 
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Now let us calculate the Q of the generator side L network as 

follows: 
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Fig. 5.  Calculated element values for Pi network. 
 

As seen in Fig. 5, we need to connect a parallel capacitor 
( pFCR 39378.0= ) to resonate the generator inductor 

( nHL PG 326.64, = ). So 1PX  must be a capacitor and 1SX  

must be an inductor. Also we need a parallel inductor 
( nHLR 33.25= ) to resonate the load capacitor ( pFC PL 1, = ). 

So 2PX  must be an inductor and 2SX  must be a capacitor. 

Therefore the component values can be computed as 
pFX P 948.101 = , nHX S 1386.21 = , pFX S 2760.82 = , 



nHX P 1831.32 = . After combining 1PX  and RC , 1SX  and 

2SX , 2PX  and RL , the element values ( 1X , 2X  and 3X , 

respectively) are obtained as seen in Fig. 6. Transducer power 
gain curve of the matched system is given in Fig. 9. 

 
 

Fig. 6.  Designed Pi matching network ( pFX 341.111 = , 

pFX 47.272 = , nHX 8278.23 = ). 

 
Now let us design a T network. The given generator and load 

impedance values can be modelled as a resistor ( Ω= 50GR  and 

Ω= 6957.71LR ) connected in series with an inductor 

( nHLG 1= ) and a capacitor ( pFCL 533.3= ), respectively. 

Since LG RR < , first calculate 1SX  and 1PX  values. The 

virtual resistor value can be found as 

Ω=+=+= 1300)15(50)1( 22QRR G . Then 
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Now let us calculate the Q of the load side L network as 
follows: 
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Fig. 7.  Calculated element values for T network. 
 

As seen in Fig. 7, we need to connect a series capacitor 
( pFCR 33.25= ) to resonate the generator inductor 

( nHLG 1= ). So 1PX  must be an inductor and 1SX  must be a 

capacitor. Also we need a series inductor ( nHLR 1696.7= ) to 

resonate the load capacitor ( pFCL 533.3= ). So 2PX  must be 

a capacitor and 2SX  must be an inductor Therefore the 

component values can be computed as nHX P 38.411 = , 

pFX S 63662.01 = , nHX S 23.472 = , pFX P 50674.02 = . 

After combining 1SX  and RC , 1PX  and 2PX , 2SX  and RL , 

the element values ( 1X , 2X  and 3X , respectively) are 

obtained as seen in Fig. 8. 

 
 

Fig. 8.  Designed T matching network ( pFX 6210.01 = , 

nHX 34.2402 = , nHX 4.543 = ). 

 
Transducer power gain curve of the matched system is given 

in Fig. 9. 

 
 

Fig. 9.  Transducer power gain curves of the matched systems. 
 

4. Conclusions 
 

Two-element L networks are the simplest and most widely 
used narrow band impedance matching circuits. If the 
termination impedances are purely resistive, then Q based 
method is used to design this kind of networks. Since the 
conjugate matching condition can be met by using two-element 
L networks, it is possible to transfer maximum power at the 
interested frequency. But the loaded Q of the circuit is fixed by 
the given termination impedances. So if the designer wants to 
select the Q of the circuit, three-element Pi or T networks must 
be used. 

Generally the generator and load termination impedances are 
described by means of real frequency measurement results, and 
these impedances can be modeled as a resistor and a reactive 
element connected in series. So before stating to design Pi 
matching networks, this series impedance models must be 
transformed to parallel models. But in the design of T matching 
networks, the given series models can be utilized, there is no 
need a transformation step. Then since Pi or T matching 
networks can be considered as two “back-to-back” L networks 
with a virtual resistor between two L networks, they can be 
designed via Q based method which is well defined in the 
literature for the design of L networks. 

Here after explaining the proposed real frequency design of 
Pi and T matching networks with complex terminations, two 
examples are given to show the utilization of the approach. 
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