
            Abstracts

 In this paper, new design equations are presented to
make a parallel-coupled line filter with arbitrary im a ge
im p e da n ce . T he se  e q ua tion s  a re  m ore  acc u ra te than the
conventional design method. They have an advantage
that the designer can control the coupled lin e  w id th  a n d
ga p . S o , th e y  a re  a p p lica b le  to  d e s ign parallel-coupled
line BPF using high dielectric material. Also, they can be
applied to fin-line wave-guide filter and hairpin line
filter.

           Introduction

 Parallel-coupled line filter design methods are
developed by many authors[1][2][3]. They are,
basically, analyzed by the concept that the image
impedance of parallel-coupled line is equal to the in/out
termination impedance. In case of the parallel-coupled
line filter design by using high(low) dielectric material,
it is difficult to get the realizable line width(line gap).
So, we have derived the new design equations of
parallel coupled line filters have the realizable coupled
line width and gap.

          Design Theory

 T he de s ign  the o ry  o f  c ou p led  line  f il te rs  a s p r in te d
circuits based on two parallel transmission lines with
image arbitrary admittance Y1. Fig.1(a) shows the
electrical parameters of single coupled line expressed
by even and odd mode impedance, Zoe , Zoo  and
coupling angle θ. These parameters can be represented
by equivalent circuit of admittance inverter J and two
single lines with electrical length θ and admittance Y1 ,
as shown in Fig. 1(b)[2][3].

Fig. 1 Parallel coupled line and equivalent circuit

If they are satisfied by θ=90°,  the two circuits in Fig. 1

are equivalent circuits. Z o e an d  Zo o  c a n  b e  d e r iv ed  fro m  f ig .

1 .

       (1)

Fig. 2 The coupled line filter with arbitrary image
     Admittance Y1 and the equivalent circuit.
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In fig. 2, there is the band-pass filter which has N+1
coupled lines and the equivalent circuit which has J-
inverters. With reference to Fig. 2(b), the admittance
Yin seen looking toward the input admittance is

     (2)

where

In Fig. 2(b), the admittance YA seen looking toward the
J01-inverter is

              (3)

We can obtain the circuit of Fig. 3 from eq. (3)

   Fig. 3 Equivalent circuit of Fig. 2 (b)

 Because of jBA(ω), the slope parameter of first
resonator jBr1(ω ) is changed as following

          (4)

              (5)

 In Fig. 3, the transmission of the length  2θ =λ/2
except the first and last lines can be derived as
following:

 (6)

 

Eq. (6) can be described as shown in Fig. 4 (b). Thus,
we can find that it is identical with parallel resonator

  Fig. 4 The transmission line of length λ/2 and
       the equivalent circuit.

The susceptance of this resonator is expressed by

            (7)

Also, we can obtain admittance slope parameter as eq.
(8)

                (8)
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As the slope parameter of parallel resonator changes,
also J-inverters are changed as following.

where

            Simulation

 On the basis of the derived formulae in this paper,
parallel-coupled line band-pass filters are simulated
using the following parameters:

  Center frequency          f0 = 1.85GHz
  The number of resonators   N = 5
  Pass-band ripple        0.01dB (Chebyshev)
  In/out impedance         50Ω

 In fig. 4 and 5, image impedances of parallel-coupled
lines are equal to the termination impedance 50Ω. In
fig. 6 and 7, image impedances of parallel coupled
lines are 10Ω that different the te rm in a tion  im p e d a n c e
5 0Ω. In  f ig . 8  a n d  9 , im a ge impedances of parallel
coupled lines are 100Ω. We have compared the
performance of conventional and new design method.
The results simulated by new design method show that
their return losses are about –26.4dB for 0.01dB
Chebyshev ripple and their bandwidths are 100MHz. It
proves that the presented design method is valid.

            Conclusion

 New band-pass filter design equations are presented
by using arbitrary image impedance of the coupled line
different the termination impedance. In order to prove
the usefulness presented design formulae, we have
simulated 5-pole coupled line band pass filters which
have the same pass-band of 1.8• 1.9GHz for 0.01dB
chebyshev ripple and have 50Ω, 10Ω and 100Ω image
impedance. Simulated results of new design method
show the exact return loss and bandwidth. The
important features of this method are that it allows a
greater geometrical tolerance for the formation and use
of thinner dielectric substrate as compared to the
conventional method.
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Fig. 5 The frequency characteristic of coupled
     line BPF with 50Ω image impedance
     using the conventional method

Fig. 7 The frequency characteristic of coupled
     line BPF with 10Ω image impedance
     using the conventional method

Fig. 9 The frequency characteristic of coupled
     line BPF with 100Ω image impedance
     using the conventional method

Fig. 6 The frequency characteristic of coupled
     line BPF with 50Ω image impedance
     using the new method

Fig. 8 The frequency characteristic of coupled
     line BPF with 10Ω image impedance
     using the new method

Fig. 10 The frequency characteristic of coupled
      line BPF with 100Ω image impedance
      using the new method
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