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Abstract

An 18-30 GHz harmonic reject filter has been

designed using a distributed prototype. The aspect ratio

of the coupled suspended stripline structure is chosen to

equalize the even- odd-mode electrical lengths when

considering the open-end effects, The measured inser-
tion loss is about 1 dBin the passband and more than 40
dB rejection up totwice the center frequency.

Introduction

Recent advances in microwave and millimeter-wave
receivers and measurement systems create a need for

broadband harmonic reject filters. For example, using

such a filter in a “multiplied” mm-wave source will al-

low the signal to have a much lower harmonic contents.

In this paper, we present thedesign and measurement of

an 18-30GHz bandpass filter. The filter is a parallel-
coupled line filter designed on a suspended substrate
with built in transitions to waveguide input and out-

put. The measured insertion loss is about 1 dB and
return loss is about 15 dB in the passband, better than
40 dB rejection has been measured up to twice the cen-

ter frequency (2 fo), The printed circuit technology is

used to reduce the cost and size in the production of

microwave and millimeter wave systems with improved

performance and reproducibility,

Design procedures for parallel-coupled line filters

have been fully documented (1,2,3,4). However, in the

practical realizations at millimeter-wave frequencies,
several design iterations are normally required because

of the problems associated with the prototypes, the

transmission lines and, the discontinuities. To alleviate
the problems in the design of 18-30 GHz filter, we have
selected a prototype which is capable of broadband

design. We have also chosen a transmission line struc-
ture, which would approximately equalize the ~ven- and

odd-mode electrical lengths when considering the open-

end effects. Finally, to integrate the filter with
waveguide input and output, we have designed a broad-
band transition covering 18-30 GHz.

Design Procedure

The parallel coupled suspended-stripline filter is
designed using a distributed lowpass prototype. Figure

1 shows a typical filter pattern and its equivalent cir-

cuit. The filter consists of, in this example, a cascade

of 7 parallel coupled resonators which are open cir-

cuited at both ends and a half wavelength long at the
mid band frequency fo. It can also be viewed as 8 sec-
tions of quarter-wavelength long coupled transmission
lines connected in series.

Referring to Figure 1, the following briefly sum-

marizes the design procedure. Given the filter

specifications (i.e., bandedge frequencies, passbancl
ripples, and number of cavities), the K inverter value!s

in the prototype are first obtained from synthesis pro-

cedures (1,4,5,6). Next, the even and odd-mode im-

pedancesof a coupled line are determined from the im-
pedance inverter values. Finally, the line width ancl

spacing of each coupled line section are adjusted for a

selected geometry to provide the correct even- and odd-
mode impedances.

In the design of the 18-30 GHz filter, we have ap-

plied four synthesis procedures to calculate the im-

pedance inverter values and made comparison between

them. The procedures are, respectively, those proposed

by Cohn (l), Cristal (4), Rhodes (5), and by an exact

synthesis (6). Cohn’s procedure does not produce correct

bandwidth for this 509fo filter; iteration is required for

bandwidth correction. Cristal’s formula gives correct
bandwidth for the filter; however, the resulting design
requires a tighter coupling for the first resonator than

the other designs. This makes the filter more difficult
to realize and to reproduce. Rhodes’ procedure

produces the correct bandwidth, similar to the exact

synthesis and both methods result in designs having
reasonably loose coupling. Rhodes’ approach is prefered

because of its simple closed-form formula.
From the impedance inverter values, the even- and

odd-mode impedance (Zoe,Zoo) of a coupled line can be

calculated for a given characteristic impedance. The

line width and spacing of the coupled line are then

determined from the given even- and odd-mode imp-

edances. Since no closed formula k available for the
shielded suspended strip-line, two rigorous analyses are
used for study, Le., the variational method by Smith (7’)
and the spectral domain technique by Itoh (8). Smith”s
approach k., in fact, a special case of the spectra~l
domain technique, using a single-term bask function
derived from conformal mapping a simplified structure.
It k found that Smith’s analysis produces results very
close to that obtained by the spectral domain technique
using three bask functions.

In the physical realization of the broadband filters,
it k important to have equal even- and odd-mode
electrical lengths for the coupled section. The electrical

length is equal to the product of the phase velocity and

the effective length of the coupled section, A recent

study (9) on the open-end fringing of the coupled line
indicates that the effective lengths of the even- and

odd-modes are different. Therefore, a structure should
be selected such that the difference in the phase

velocity will compensate for it. At K- and Ka-band
frequencies, we can approximately meet this requirc-
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ment by choosing a 10-mil Duroid substrate with 25-roil

spacing between the substrate and upper and lower
ground planes.

To aide in the design of filters at K- and Ka-band
frequencies, we have produced two graphs for the

chosen structure using the spectral domain technique.
Figure 2 presents the design charts for obtaining line

width, spacing, even- and odd-mode effective dielectric

constants from a given Zoe and Zoo.

The physical length of each section was determined

by Del Imagine formula (10). From measurements, the

center frequency is shifted downward. Empirically we

have corrected the problem by shortening the length by

a factor: A1=.675 (.4407 B/2) where B is the total
ground plane spacing.

Measurement

Figure 3 shows a photograph of the resulting filter.

We have designed and fabricated the circuit on a 10 mil

RT-5880 Duroid substrate with 1/2 oz. roll copper. The

dielectric constant is 2.2. The rubylith layout is

prepared using a computer-controlled cutter for high

precision. Photo-lithographic and chemical etching

techniques are then used to fabricated the circuits. The

processes are carefully controlled to achieve a resolu-

tion tolerance of ,5 roil.

At millimeter-wave frequencies, rectangular
waveguides are commonly required as the input and
output transmission media. Therefore, to integrate the

parallel coupled line filter, transitions from waveguide
to suspended-stripline are necessary. An E-field probe

transition has been designed and tested similar to that

described in (11) from 18-40 GHz. The measured results

are shown in Figure 4. The insertion loss is about .5 dB

and return loss is about 15 dB from 18 to 32 GHz.
The complete filter including the probe transitions

has been tested and the results are shown in Figure 5.

The insertion loss is approximately 1 dB and return loss

is more than 12 dB in the passband. The measurement

in Figure 4 shows that this filter provide more than 40

dB rejection up to at least 2 fo.

Conclusion

Parallel-coupled harmonic reject filters have been

demonstrated for wide-band applications at millimeter-
wave frequencies. The measured insertion loss is about

1 dB from 18 to 30 GHz and the rejection is- more than

40 dB up to at least 2 fo. The combination of printed

circuit and simple split-block construction makes these
filters highly reproducible at low cost.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(

(

References

S. B. Cohn, “Parallel-Coupled Transmission-Line

Resonator Filters,” IRE Trans. Microwave Theory

Tech., Vol. MTT-6, pp 223-231, April 1985.
D. Rubin and A.R. Hislop, “Millimeter-Wave

Coupled Line Filters Design Techniques for

Suspended Substrate and Microstrip,” Microwave

Journal, Vol. 23, pp. 67-78, Oct. 1980.
A. Hislop and D. Rubin, “Suspended Substrate Ka-
Band Multiplexer,” Microwave Journal, Vol. 24,
pp.73-77, June 1981.
E. G. Cristal,’’New Design Equations for a Class of
Microwave Filters,” IEEE Trans. Microwave Theory

Tech., Vol. MTT- 19, pp. 486-490, May 1971.

J. D. Rhodes, “Design Formulas for Stepped Im-

pedance Distributed and Digital Wave Maximally
Flat and Chebyshev Low-Pass Prototype Filters;

IEEE Trans. Circuit Systems, Vol. CAS-22, pp. 866-

876, Nov. 1975.
S. Gledhill and A. M. Issa, “Exact Solutions of
Stepped Impedance Transformers having Maximally
Flat and Chebyshev Characteristics; IEEE Trans.
Microwave Theory Tech., Vol. MTT-17, pp. 379-386,
July 1969.

J.I. Smith, “The Even- and Odd-Mode Capacitance
Parameters for Coupled Lines in Suspended Sub-

strate IEEE Trans. Microwave Theory Tech., Vol.

MTT-19, pp. 424-431, May 1971,

T. Itoh and A. S. Hebert, “A Generalized Spectral

Domain Analysis for Coup Ied Suspended

Mlcrostriplines with Tuning Septums,” IEEE Trans.

Microwave Theory Tech., Vol. MTT-26, pp. 820-827,

Oct. 1978.

M. Kirschning and R. H. Jansen, “Accurate Wide-
Range Design Equations for the Frequency-
Dependent Characteristic of Parallel Coupled

Microstrip Lines,” IEEE Trans. Microwave Theory
Tech., Vol. MTT-32, pp. 83-90, Jan. 1984.

O) R. A. Dell-Imagine, “A Parallel Coupled Microstrip
Filter Design Procedure,” in Proc. G-MTT Intl.

Microwave Symposium Digest, pp. 29-33, May 1970,

1) Y. C. Shih, L. Q. Bui, and T. Itoh, “Millimeter-Wave

Diplexers with Printed Circuit Elements: IEEE

Trans. Microwave Theory Tech., Vol. MTT-33, Dec.

1985.

‘“~
I

I,,00, ~
I zoel ,,002 ~
I , zoe2 I ,00, ~
I

I I I ~oes ; ,004 ~

I I I Zoe4 I
I

1
Fig. 1 Parrallel–coupled trans–

I 1 I
I t I I Zo

mission-line resonator
I I 4

t
I

1 filter, ( a ) layout
I I :1 I

1 I 1 1
I 1 1 I

t (b) equivalent circuit.
t I

I [a) t I I
‘Ld I 1 I

I
! 1

i
t

t 4
t I I I 1

I L
t

& - L
,

_J- ~

Zo * K., ,y~ K,2 ~& X23 &~ K34 &~ K34 ~~ K23 A; K, ~ $+ KOI $
Zo

44 44 44 44 44

J — ~ — “ ~ — — - — —

(b)

388



FIG. 2a Zoe VS Zoo RS R FUNCTION OF WIDTH FIG. 2b EVEN- RND ODD-MODE EFFECTIVE DIELECTRIC
flND SPFICING CONST13NTS RS R FUNCTION OF WIDTH(i4) RNII SPRCING(S).

Smr
I

7GJl,&,&*& *’al,;e, ,& I *1,141 1
.
1 1 1 t

la L4 l,2@ 1.11 $.ae 1.41 1.** 1.s, ,.a@

OM-MODE IMPEOFIF4CE (ZOO) IN OHM ODLI-M033E EFFECTIVC DIELECTRIC CONSTRNTS

1
s
22
,W
:3

44 .

5
I-5
E’
e
H6
r,
z
*7

, t

18 19 20 21 22 23 24 25

FREQUENCY (GHz)

26 28 30 32 34 36

Fig. 3 Photograph of
18-30 GHz Filter.
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