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ABSTRACT

An approximate design technigue is presented for parallel coupled bandpass filter in microstrip
form. Both computational and graphical forms together with simulation sofiware are used to optimize the
design. Due 10 the use of several graphs and approximations, an average of 3% deviation from the
compuied to the final simulated design was noticed.

INTRODUCTION

Bandpass filters can be implemented using lumped components or by distributed
elements. Printed circuit techniques are commonty used to implement microwave filters. This
is because lumped components are very hard to come by and tends to be very expensive at these
frequencies.

In microwave bandpass filter designs, a microstrip line terminated in either open or
short circuit can be used as a resonator. Distributed implementations of bandpass filters come
in many forms. Some of the popular ones are the edge-coupled, parallel coupled, combline,
interdigital, hairpin, and others.

For an edge-coupled bandpass filter, each section is a quarter-wavelength long
resulting to a half-wavelength long resonator. Spurious occurs at 2f. and re-entrance at 3f, .

LOWPASS TO BANDPASS TRANSFORMATION

Preliminary computations are required before we can proceed with the actual design
of the proposed microstrip bandpass filter. The design procedure for the bandpass filter to be
described in the next section is based on the lowpass prototype circuit values and response
curves. Figure la. shows a typical lowpass filter response curve while Figure 1b. shows the
response curve for bandpass filters. In order for us to use the lowpass fiiter prototypes, some
form of the transformation has to take place. The transformation process is as follows:




1. fractional bandwidth

In Matthaei' , numerous graphs are provided for different response curves that gives
the number of elements needed at a given amount of attenuation at a given frequency. Likewise
tables are provided to obtain the prototype eélement values.

Note that some of the sources of these graphs indicate
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Figure 1a. Low-pass prototype response
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Figure 1b. Bandpass response curve

PARALLEL-COUPLED BANDPASS FILTER

Two printed circuit lines in close proximity and parallel to each other are calied
coupled lines. Coupled lines are extensively used for directional couplers, matching networks
and filters. For coupled Iines, resonance can be achieved by making their lengths equal to or a
multiple of Ag/2. Maximum coupling for microstrip couplers occurs when the length of the
coupled region is Ag/4. Figure 2 shows the general layout of a microstrip parallel-coupled
bandpass filter.

Figure 2. Parallel-coupled microstrip filter

' Design Procedures

-

1. Formuiate the specifications ‘
2. Using the low-pass to band-pass transformation, obtain the number of elcments and its




prototype values.
3. Calculate the inventer admittance (J) using the formulas below

For the first coupling structure
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For the intermediate coupling structures
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For the final coupling structure
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4. Compute for the even and odd coupled-line impedance Zoo and Zo.
2 2
(Zou )i,i+_1 = Zo(l —JimZo+ 12, )
' 2., 2
(Zoe)i)m = Zo(1 —JiinZo+ 1072, )
where Zo is the system characteristic impedance

5. Using approximate synthesis technique by Akhtarzad et a1.,%

a. Determine the shape ratios for the equivalent single microstrip lines
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The w/h and s/h can now be obtained from the graph provided by Akhiarzad et al.®

6. Coupled-region length

From the discussions earlier, maximum coupling cccurs if the coupled region is a quarter
of the midband wavelength,

Using Bryant and Weiss® curves, we can now obtain the air spaced characteristic
impedance Zoa: and Zoao.

Using,
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Taking the mean value of the even and odd wavelengths,
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7. Simulation software is used to optimize the design.
WORKED OUT EXAMPLE

1. Specifications

fo = 1.7 Ghz
fl1 = 1.65 Gh=z
f2 = 1.75 Ghz
fo = 1.425 Ghz

- Chebyshev response with 0.01db ripple and 24db min attenuation at foo




2. Fractional bandwidth

= Mg 0.0588

1.7

3. Lowpass prototype

2 (1.425 - 1.7) . s

0.0588 1.7
|-55|-1=435
Based on the graph,

n = 3, Att = 30dB -

Jo = 1
g: = 0.6291
gz = 0.8702
ga = 1.6291
gs = 1

4. I computations

For the first coupling structure,

Jer 03832
Y

0

Intermediate structures,

La_gi182
Y, .

T 00182
Y
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Final coupling structure,

—

34 = (03832
Y

5. Odd and Even mode impedance at 50 2 Input/output feed

Even mode,

Zoe 01 = 76.5021
Zoe 12 = D6.6086
Zoe 23 = 56.6086
Zoe 34 = 76.5021




0dd mode,

Zoo 61 = 38.1821
ZOO 1z = 44.7886
ZOO 23 = 44.7886

ZOO 34 = 38.1821

6. Using Duroid RT /6010
©Ep 10.2
h 25 mil
t= 1.4 mil

[

7. Using Aklitarzad et.al ¥
J=0;

Zose = 38.2510; 2., = 19.0810
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h

W

- o = 4.42
h
J=1;

Zose = 28.3043; Z,so = 22.3943

W
- se = 2.52
h
W
— s = 3.53
h
J=2;
Zose = 28.3043; Z., = 22.3943
W
- e = 2.52
h
W
- so = 3.53
h
J=3;

Zose = 38.2510; Fpee = 19,0910




- e = 1.55
h
w
- o = 4.42
h

Using the graph provided by Akhtarzad et.al.

0;

W s

- = 0.625 ; - = 0.1875
h h

W= 15.625 mil ; s = 4.6875 mil

1;

W S

- =0.875 ; - =1
h h

w = 21.875 mil ; s = 25
2;
* gsame as 1

3;
* same as 0

8. Using Bryant and Weiss curves (sr = 1),

0,
ZOAD =173
ZOAB = 220

Ao o= (64.29 + 81.18)/2 = 72.73
A4 = 18.18 mm = 715 mil

1,
Zo}m = 9§
ZO}\e = 170

hm = (64.45 + 71.85)/2 = 68.15
A4 = 17.04 mm = 670 mil

2,

* gsame as 1
3,

* same as 0




9. Using simulation sofiware, the final filter i§ shown in Figure 3
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Figure 3. B.P. Filter realization

Eesof simulation results of the example filter as shown in Figures 4,5, and 6.
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Figure 4. Screen Qutput Response
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Figure 5. Bandpass Filter Response Curve
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Figure 6. Input/Output Impedance Smith Chart
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CONCLUSION

The technique presented for the design of parallel-coupled microstrip bandpass filter
were found to yield filter dimensions with an average of 3% error on the microstrip length from
the simulated results. This error may be due to the approximations used on the equations and
on the graphs. This paper merely suggests a fast and approximate technique to help the designer
come up with an initial design. Simulation software is necessary to optimize the filter
dimensions and response.
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