THE DESIGN OF PARALLEL COUPLED LINE FILTER WITH
ARBITRARY IMAGE IMPEDANCE

Dal Ahn", Chul-Soo Kim', Min-Ho Chung’,
Dong-Hwan Lee Dae-Won Lew Heon-Jin Hong"

*Dept. of Electronics, Soonchunhyang Univ., P.O.Box 97, Asan,
Choongnam, R.O. Korea
E-malil : imwlab@electra.sch.ac.kr
**Electronics and Telecommunications Research Institute, R.O. Korea

Abstracts

. . . #
In this paper, new design equations are presented to =8 — — —
make a parallel-coupled line filter with arbitraingage

i i ]
impedance. These equations are more accuititan the —L ] — |

f
conventional design method. They have an advantage — ﬂin— i
that the designer can control the coupied width and Tne , Zoo
gap. So, they are applicable to desigrmarallel-coupled ) )
line BPF using high dielectric material. Also, they can be
applied to fin-line wave-guide filter and hairpin line Fig. 1 Parallel coupled line and equivalent circuit
filter.

If they are satisfied b§=90; the two circuits in Fig. 1

Introduction are equivalent circuitZ,.and Z,can be derived from fig.

Parallel-coupled line filter design methods are 1.

dev_eloped by many authors[1][2][3]. They are, Zoo=Zy|1+3Z, + (le)z
basically, analyzed by the concept that the image (1)
impedance of parallel-coupled line is equal to the infout  Z,, = Z4

termination impedance. In case of the parallel-coupled

1-3Z, +(32,)?

line filter design by using high(low) dielectric material, - ﬁ_"_ﬁ“
it is difficult to get the realizable line width(line gap). S
So, we have derived the new design equations of
parallel coupled line filters have the realizable coupled .,
line width and gap.
Design Theory
(a)
The design theory of coupled line filters as printed
circuits based on two parallel transmission lines with e B &
image arbitrary admittance .Y Fig.1(a) shows the i
electrical parameters of single coupled line expressed (?% ] ZI::IZ v fo
by even and odd mode impedance. ZZ,, and i o T ,
coupling angled. These parameters can be represented ;] v
(b)
by equivalent circuit of admittance inverter J and two
single lines with electrical lengthand admittance Y, Fig. 2 The coupled line filter with arbitrary image
as showrin Fig. 1(b)[2][3]. Admittance Yand the equivalent circuit.
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In fig. 2, there is the band-pass filter which has N+1 _ Wy dB(w)

coupled lines and the equivalent circuit which has J- 2 dw |

inverters.With reference to Fig. 2(b), the admittance @

Yin seen looking toward the input admittance is m, 2 1 U 5
in g p :ZYI 021 B___2H+ ZD ( )

v =y Yo+ iYitangl o’0 A0 g

by, + jY, tangl

In Fig. 3, the transmission of the length© =2A/2
L + .EOJ— C()O

except the first and last lines can be derived as

-y, Yo 2 W following:
_Y11+'ﬁlw‘wo @) ’ ,
o2 7 =z ZLtiZiteng
w nearwy in T <1 :
v Z,+jz, tanf
= L +jY,X(@1-A? _ -
Y Y1 X( ) ZL+lerrw Wy
=4 w-w
where Z,+jzZ.m 0
w=wy near
A:L' X:E—w_wo (6)
Yo 2 w B 1
. w— wo
In Fig. 2(b), the admittance,Yseen looking toward the Y
Jorinverter is w=ap neanz, >z,
Y, = 351 Eq. (6) can be described as shown in Fig. 4 (b). Thus,
A Y, A+ jY; X (1- A?) we can find that it is identical with parallel resonator
ng . 1 W2
=—=-+ iX -
vadrxth- @ M,
A
= Y_Ci; + [Ba(w) / —
! I FA— T L
We can obtain the circuit of Fig. 3 from eq. (3)
Z\H = = =
ik
(@) (b
Fig. 4 The transmission line of lengtf2 and
! Ll S the equivalent circuit.
nt
The susceptance of this resonator is expressed by
j \ B
Fig. 3 Equivalent circuit of Fig. 2 (b) B(w) :Ylnw Wo @)
0
Because of jB(w), the slope parameter of first
resonator jR(w) is changed as following Also, we can obtain admittance slope parameter as eq.
8
By (@) = BA() + By(®) ®)
351 1 b="y, 8
=0l X -—— [3+Y,2X 1 (8)
Y, EL A2 §+ . (4) 2
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As the slope parameter of parallel resonator changes,

also J-inverters are changed as following.

JO]_ —_ ‘]n,n+1 —_

Conclusion

New band-pass filter design equations 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 ®010Q and 10@ 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.

dyn _mw [1
Y, 20"\ 9941

j=200nh-2
1.
where
i:iw_woi wo_a)].+w2 2.
w' W wy 2
W:OL)Z_OLJl A:L
Wo Yo 3
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 0¥ 1.85GHz

The number of resonators N =5
Pass-band ripple 0.01dB (Chebyshev)
In/out impedance N

In fig. 4 and 5, image impedances of parallel-coupled
lines are equal to the termination impedanc®.5

fig. 6 and 7, image impedances of parallel coupled
lines are 1Q that different theermination impedance
50Q. In fig. 8 and 9, imageimpedances of parallel
coupled lines are 1@ 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.
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Fig. 5 The frequency characteristic of coupled ~ Fig. 6 The frequency characteristic of coupled

line BPF with 5@ image impedance line BPF with 5@ image impedance
using the conventional method using the new method
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Fig. 7 The frequency characteristic of coupled Fig. 8 The frequency characteristic of coupled

line BPF with 1@ image impedance line BPF with 1@ image impedance
using the conventional method using the new method
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Fig. 9 The frequency characteristic of coupled Fig. 10 The frequency characteristic of coupled
line BPF with 10Q image impedance line BPF with 100 image impedance
using the conventional method using the new method
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