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ABSTRACT

Theoretical and experimental study of linear phase and externally equalized longitudinal
dual-mode filters was conducted for ANIK-C input multiplexer. This paper describes the
results and tradeoffs for the two competing designs for typical satellite requirements.

Introduction

This paper presents the results of a
comprehensive study, theoretical and experi-
mental, for the input multiplexing require-
ments of the proposed Telesat Canada’s ANIK-C
satellite - dedicated to the 14/12 GHz fre-
quency band. These requirements are typical
of the upcoming satellite systems (SBS, ANIK-C
and others) and represent an advance in the
state-of-the-art.

This study takes cognizance of the recent
advances in the filter technology at 12
GHZIYZY3. Longitudinal dual-mode self-equal-
ized linear phase filters operating in domi.
nant or higher order modes are examined and
methods developed to optimize their perform-
ance. This provides an alternative design to
the externally equalized filters using allpass
networks. Filter tradeoffs are provided for
typical satellite requirements.

The two competing optimized designs for
ANIK-C requirements are realized in the dual-

mode configuration with TEIO~ as the mode of

propagation. Measured results agree closely
with the predicted response.

Design Considerations

Based on typical performance, realizabi-
lity and weight requirements for space applica-
tion, following assumptions were made for the
tradeoff calculations:

. Longitudinal dual-mode structure was
chosen for the realization of filters i~nd

allpass networks.
TEI03 or TEIIs is chosen as the preferred

mode of propagation to realize a minimum
unloaded Q of 9,000 at 12 GHz.
For externally equalized filter, both the

non equi-ripple quasi-elliptic responseq
having two pairs of transmission zeros as
well as the response with maximum possible
equi-ripple peaks and a single pair of

transmission zeros255 were examined,

Analysis shows little difference in per-
formance whereas realization with single

Table 1 - Input Multiplexer Filter Tradeoffs for ANIK-C Satellite

Critical Performance Requirements*

Frequency Band 11.7 to 12.2 GHz
Usable Channel Bandwidth : fb -!=27 MtiZ
Insertion Loss Variation : <1.~ dB over fo +27 MHz
Isolation >25 dB at fo +36–MHz

>45 dB at fo ~50 and beyond
Amplitude Slope <.01 dB/MHz o~er fo +13 MHz
Group Delay <2 nsec at fo +18 Mm

<5 nsec at fo 721 MHz
<1,5 nsec rippre

Filter
Configuration

10-pole linear phase
filter with two pairs
of real-axis zeros.

10-pole linear phase
filter with one pair
of transmission zeros
and one pair of real-
axis zeros.

8-pole filter with
one pair of trans-
mission zeros and 2-
pole allpass equal-

Isolation Loss Variatior
at fo +36 over fo +27

dB – dB -

15 0.8
20 1.0
25 1.7

I

20 ,9s
25 1.25
30 1,5

25 0.9

Gain-Slope
over fo +13

dB/MHz-

.007

.009

.016

.013

.Oz

.02

.004

.
Group Delay-nanoseconds

fo ~18 fo ~21 Ripple

1 3
1 4.0
1.8 5.5

.5
1.0
1.0

3.5 8 0
11 0

; 12.5 0

.7 3 .5

izer.
—

* These requirements are for the whole transponder prior to the TWTAS.
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transmission zero is simpler. Consequent-
ly, it was chosen as the preferred re-
sponse shape,
h allowance of :1 MHz ‘for the equivalent
linear frequency drift is incorporated in
the tradeoff calculations. This is to
take care of operating temperature range
and manufacturing and alignment toler-
ances.

Tradeoffs and Optimization of Filter Response

For equi-ripple passband response with
maximum possible number of peaks, it is.most
convenient to utilize Bennettfs transforma-
tion6,7

“m
to determine the characteristic polynomial
containing attenuation zeros for a given loca-
tion of attenuation poles or real-axis zeros
or both. Real-axis zeros tend to linearize
the phase response. This transformation is

used to generate the unified design charts8
(UDCS) described in figures 1 and 2, for the
two alternative response functions. UDCS for
linear phase filters are generated in a para-
metric form with the available zero locations
as the parameters. By inspection of these
design charts, one can choose the near opti-
mal values of zero-locations to achieve low-
est group delay for a given isolation re-
sponse. If necessary, further refinement can
be obtained by computing the filter response
with minor variations of these zero locations,
This procedure, though less elegant than a
formal optimization program, is significantly
simpler and is best suited to generate per-

formance tradeoffs. Rhodesg$lo has described
closed-form expressions for some other types
of microwave linear phase filters. Group
delay response of the minimum phase filter
with single transmission zero is optimized
using allpass networks as described in
reference 11.

Table 1 describes the filter tradeoffs
with respect to ANIK-C requirements.

Experimental Results Versus
Computed Response

For a given set of critical frequencies,
dual-mode realization is accomplished using a

procedure similar to that of Atia12 et al.
Optimized critical frequencies of the proto-
type network for the two designs with respect
to ANIK-C requirements are as follows:

Attenuation Zeros

Attenuation Poles
Real-Axis Zeros

Linear Externally
Phase Equalized
Filter Filter

.1373 .2138

.4088 .5955

.6629 .8599

.8681 .9851

.9847
1.30

1.0
1.2

Zero Location of Micro- 225 ~~ 125
wave Allpass Network
(D-Section)

The computed and measured response for the
two designs, realized in longitudinal dual-
mode configuration with TE1os as the mode of

propagation is described in figures 3 and 4.
There is close correlation between the pre-
dicted response and measured results. Figures
5 and 6 are the photographs of the prototype
units,

Conclusions and Discussions

This study shows that minimum phase
filters with at least one pair of transmission
zeros in conjunction with allpass networks
provide superior performance as compared to a
linear phase filter of equivalent order in a
longitudinal dual-mode realization. However,
dual-mode allpass equalizer requires a circu-
lator, which for space application at 12 GHz
represents a weight penalty of’ 0,15 lbs, All-
pass network is nearly independent of the
associated filter which simplifies the tuning
of the overall assembly. On the other hand,
linear phase structure is elegant, requires no
circulator but moderately complex to design
and tune. The two competing optimized designs
for ANIK-C requirements were realized in a
dual-mode structure with TE~os as the mode of

propagation. Measured results agree closely
with the predicted response.

Based on specifications of upcoming sat-
ellite systems (SBS, ANIK-C), it can be con-
cluded that the externally equalized filter
configuration is favoured over the linear
phase filters at the present time.

Acknowledgements

The authors wish to thank Mr. M,V.
O’Donovan, President of Corn Dev Ltd., for en-
couraging us to write this paper - and
National Research Council of Canada who funded
portion of this work as part of their Indus-
trial Research Assistance Program.

1.

2.

3.

4.

5.

6.

References

S. Kallianteris, MLOW LOSS Linear Phase

Filters,” International Microwave Symposium,
San Diego, June 1977.

S. Kallianteris, C.M. Kudsia and M.N,S.
Swamy, “A New Class of Dual-Mode Microwave
Filters for Space Application,” 7th
European Microwave Conference, Copenhagen,
September 1977.

C.M. Kudsia, S. Kallianteris, K. Ainsworth
and M.V. Or Donovan, ~!status of Filter and

Multiplexer Technology in the 12 GHz Fre-
quency Band for Space Application,” Paper
to be presented at the 7th AIAA Communica-
tions Satellite Systems Conference in San
Diego, April 1978.

A.E. Atia and A.E. Williams, “Narrow-Band-
pass Waveguide Filters,” IEEE Trans. on
Microwave Theory and Techniques, MTT-20,
No. 4, April 1972.

R. Levy, “Filters with Single Transmission

Zeros at Real or Imaginary Frequencies,”
IEEE Trans. on MTT, Vol. 24, April 1976.

B.J. Bennett, “Synthesis of Electric Filters

221



7.

8.

9.

10.

11.

12.

I

I

with Arbitrary Phase Characteristics,”
IRE Int. Conv. Rec., Pt. 5, 19-26, (1953).

G.C. Temes and S.K. Mitra, “Modern Filter
Theory and Design, *1 John Wiley and Sonst

1973.

C.M. Kudsia and M.V. O’Donovan, “Micro-
wave Filters for Communications Systems,”
Artech House, 1974.

J.D. Rhodes, !!The Design and Synthesis of

a Class of Microwave Bandpass Linear
Phase Filters,” IEEE Trans. on Microwave
Theory and Techniques, MTT-17, No. 4,
April 1969.

J.D. Rhodes, “A Low-Pass Prototype Net-
work for Microwave Linear Phase Filters,”
IEEE Trans. on Microwave Theory and Tech-
niques, MTT-18, No. 6, June 1970.

C.M. Kudsia, “Synthesis of Optimum Re-
flection Type Microwave Equalizers,” RCA
Review, September 1970.

A.E. Atia, A.E, Williams and R.W. Newcomb,
“Narrow-Band Multiple-Coupled Cavity
Synthesis,” IEEE Trans. on Circuits and
Systems, September 1974.

9
:

,., ,., ,., ,., ,,, t., ,,’ ,., ,.* ,., *.O

Fig. 1 - U.if led desig. chart for filters with maximum

p.,. ible wi-rippl. pe.ks 1. pa.,ba.d and a
si. gle pair of Cran.missim zeros.
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Fig. 2 . Unified de$ign charts for a IO-pole filter
with ten equi-ri PPle peak, in .assba”d and

Fig. 3- Measured Respmse of Linear Phase Fitter, (a) .&wllt.de
response and (b) Group Delay respcn se.

(b]
Fig. 4- Measured Respmw of Externally Equalized Filter,

(a) Amplitude respmse and (b) Gm.p Delay re$pmse

Fig”. 6- Externally equalized Prototype Filter
Fig. 5 - 10-pole Linear Phase dual-mode filter

operating in TEI03 mcde.
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