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ABSTRACT

Design formulae for bandpass filters using parallel coupled strip-line stepped impedance resonators (S. I. R.) are derived. The formulae
take into account thearbitary coupling length aswellas quarter-wavelength coupling. Oneofthe important advantages ofthisfilter is its ability
to control spurious response by changing the structure of the resonator.

Using thedesign formulae an experimental bandpass filter wasdesigned and fabricated and its performance closely matched design data.

Introduction

Thecenter frequency of the second passband of bandpass filters
with half-wave length resonators is two or three times of that of the
fundamental frequency. This causes poor harmonic suppresion when

used as output filters in oscillators or amplifiers. To overcome this
problem, the use of non-uniform transmission line resonators as a
filter element was considered.(1)

This paper describesa stepped impedance resonator (S. I. R.)(2)
used as a non-uniform transmission line resonator and its application
to bandpass filters.

Firstly, fundamental parameters such as resonance character-
istics of an S. I.R. and slope parameters are derived. Secondly, the
design formulae ofa bandpass fiiter was derived from theadmittance
inverter which is in a coupling circuit with arbitaiy coupled electrical

length. Finally, an experimental bandpass filter was designed and
fabricated. The experimental performance data is shown to be in
ciose agreement with the design data.

Stepped impedance Resonatt~—

Resonator Condition
The resonator structure of an S.I. R. to be considered here is

shown in Fig, 1. The resonator has two different impedance lines,
Z, and Z,. The design equation is simple and practical when the
electrical Iength of each Iineischosan asshown in Fig. 1.

Theadmittance of theresonator from the open endr Yi is given
as

2! (I+K) . (K-tan20) . tano
(1)Yi ‘jyz “ =2 (l+K+Kz ) .tan28+Ktan40

where YZ = 1/ZZ, K = Impedance Ratio = Zz /Z1
Resonance condition can be obtained from the following:

Yi=O

Then, using the
electrical length 00,

tan200=K

(2)

fundamental frequency 10 and corresponding

00 = tan-” ~ (3)

it becomes clear that 8T is a function of the impedance ratio
K and

OT<n-whf?n K<l
e~>. when K > 1 (4)

When K = 1, this corresponds to a uniform impadance line
resonator and it becoml?s 0T = m.

Naxt consider the spurious response, Taking the spurious reso-
nance frequency to be f~n (n = 1,2,... ) and corresponding 0 with f?sn

(n= 1,2,...), we obtain from Equation(1)

fs, = ~‘s’ .fo=(2f5, –l). fo (5)

fs3=*. fo=2. fs,

The above result is shown in Fig. 2 as a function of the im-
pedance ratio K.

Admittance Slope Parameters
To design bandpass filters, the slope parameters must be de-

rived. The admittance slope parameter b of an S. I.R. is defined as,

where Yi = jB.
Differentiating Equation (1) by 0, we obtain

b=~.2(l+K)Y, .&= 2eo. Y2 (7)

Admittance Inverter Expression for a Parallel Coupled Section
of an Arbitary Electrical Length

For designing bandpass filters with S.1.R. in which lines are
coupled in parallel, it is necessary to obtain the equivalent filter
including an inverter and coupled lines having arbitary coupling
length 6.

Figure 3 (a) shows even and odd mode impedance Zoe, Zoo of
a coupled line of electrical length 0 and the equivalent circuit is ex-
pressed by two single transmission lines of electrical length 8, im-

pedance Zo and admittance inverter parameter J. The ABCD matrix
for (a) and (b) can be expressed as

[
Zoe + Zoo (Zoe– Zoo)2 + (Zoe+ Zoo)’ (cos20)
KZx Cosej — 2 (Zoe– Zoo) sinO 1

[Fal= I

‘1 . 2sin0
J Zoe– Zoo

[Fb] =

Zoe + Zoo
Zoe -- Zoo Cose

(JZO+ &) sin@.COSO j (Jz02 sin’ o‘} cos’o)

[
1

j(~ sin20 –Jcos28) (JZO + J~o ) sin O.cosO

I (8)

(9)

Then equalizing each corresponding matrix element, we can
obtain:
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Zoe . 1+ (+.)cosecd + (+)2
Zo 1– (+)2 Cotz o
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Zoo . 1– (+) cosece + (+)2
(lo)

Zo 1– (*)2 Cotz %

when 6 = r/2, J/Yo = Zo/K (K is the Impedance inverter parameter),
Equation (8) coincides with Cohn’s Equation.(3)

Admittance Inverter Parameters for Bandpass Filters

The fundamental configuration of a n-stage bandpass filter
considered here is shown in Fig. 4. When element values gj and
relative bandwidth @ are given as fundamental design parameters
of a bandpass filter,(4) the admittance inverter Parameter Jj, J~l
can be expresses as

J01=R9’ “%%
rbj.bj+l =Yo,

Jj, )+l = U. —
280Q

— (j=l-n-1)
9j.9j+l m

(11)

Jnn=I=E%R=YOE
Using the results obtained in the previous section, the
for coupling lines can be obtained. It is then possible
bandpass filter with S.I. R.

Performance of an Experimental Filter

design data
to design a

On the basis of the derived formulae of Equation (8) and (9),
an experimental bandpass filter was designed and fabricated using
the following parameters:

Center Frequency fo= I.00GHz

Number of Resonators N = 4
Response Chebyshev
Passband Ripple R = 0.01 d8

Relative Bandwidth w = 0.04

The impedance ratio K was chosen as
K = 0.5

so as to obtain spurious response above 2.5 fo. The spurious
response was thus:

rr
fs, = ~. . fo= 2.55. fo

f~, =(2fs, –l)fo=4.10. fo
(12)

The filter was fabricated with a substrate having a dielectric con-

stant of &r= 2.6, and a triplate strip-line structure in which the dis-

tance between ground planes is 3.15 mm. The arrangement of a filter
is shown in Fig. 5, and Fig. 6 and 7 show the attenuation character-
istics and the spurious response, respectively.

Conclusions

A method of designing bandpass filters suitable for strip-line
with stepped impedance resonators (S.1.R.) was established and the
fabricated filter performance closely coincided with the design data.

A feature of this filter is that the spurious response can be
controlled by the impedance ratio K of the resonator.

The authors wish to thank Dr. S. Kisaka
for their encouragement.
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Fig. 1 Stepped Impedance Resonator (S. 1.R.)
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Fig. 2 Spurious Response Frequency of a S.I. R,
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Fig. 3 Parallel Coupled Line and Its Equivalent with an Inverter
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Fig. 6 Measured Frequency Response of a Four-stage Filter
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Fig.4 Bandpass Filter Structure Using S.l. R.

Fig.7 Measured Spurious Response of the S.l. R, Filter

Fig.5 Ex~erimental S.l. R. Band~ass Filter
(fo=l.OGHz, K=0,5)
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