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Summary

Work with millimeter -wave components using

printed-circuit techniques has led to the successful

development of multiplexer that are compatible with

low-cost fabrication and packaging techniques.

This paper will describe a 26 to 42-GHz

multiplexer exhibit ing 1.2 to 2.8 -dB insert ion 10Ss

over a 4-GHz channel passband and a 45-dB rejection

bandwidth of less than 8 GHz. This multiplexer uses
a channel-dropping filter technique that splits the

band into 4-GHz subbands (channels). Each channel-

dropping filter consists of dual band-pass filters

separated by a pair of 3 -dB directional couplers.

Fabrication costs are kept low by using chemically-

milled broadwall couplers and E-plane filter resona-

tors.

A series of normalized filter design nomograph’s

have been generated. Measured multiplexer per for -

mance will be presented.

Introduction

Multiplexer to be used in millimeter-wave

channelized receivers, covering the 26 to 42 -GHz

and 42 to 60-GHz waveguide bands, have been de-

veloped. The emphasis of the design was to use low-

cost fabrication techniques.

The multiplexer is a key component of the chan-

nelized receiver, There are several possible ways

of frequency multiplexing at millimeter waves;

hybrid coupled, circulator coupled, low~high-pass or

feed-line multiplexing. The circulator coupled ap-

proach is unacceptable because the state of the cir -

culator art is one where low loss per pass can be

realized only over a small portion of the described

band. Low/high-pass multiplexer and feed-line

multiplexer require costly fabrication. The hybrid-

coupled multiplexer (shown in Figure 1) is considered
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Figure 1. Hybrid-Coupled Multiplexer

to result in low-production costs and performs well

over an entire waveguide band. The key building

blocks of this multiplexer, the 3 -dB coupler and

band-pass filter, have been realized by an inexpen-

sive construction technique that yields low loss and

predictable performance.

Multiplexer

The hybrid-coupled multiplexer is required to

split the 26 to 42 -GHz threat band into 4-GHz wide

contiguous channels. Channelizing is accomplished
by use of a channel-dropping filter arrangement shown

in Figure 1. The 26 to 42 -GHz input is diplexed to
first provide a 38 to 42-GHz output channel. The

remaining 26 to 38-GHz Wrtion of the input is di-

rected to the next diplexer (channel-dropping f ilter) in

the sequence. This diplexer passes the 34 to 38-GHz

channel, and reflects the remaining portion of the

input band. The process repeats to the last element
in the multiplexer, the band-pass filter for the 26 to

30-GHz channel. Each channel-dropping filter is
matched at all four ports. Hence, the connection of

several diplexers to form a multiplexer is done with

virtually no interaction. Accordingly, the design of a
multiplexer is very predictable and repeatable.

Details of the channel-dropping filter are shown

in Figure 2. Each diplexer consists of one dual
band-pass filter between the two 3 -dB quadrature

couplers.

Figure 2. Channel Dropping Filter

Figure 2 depicts the physical makeup of the

diplexer-filter resonator and the coupler elements,

which axe planar and batch-f abricated using printed-
circuit techniques. This feature results in low pro-

duction costs and assures repeatable performance.
Since the couplers are H-plane devices and the filter

is an E-plane device as indicated, the respective ele-

ments are in space quadrature in the composite

assembly. It is feasible to replace the broadband

~-plane output coupler with a printed E -plane printed-
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probe coupler covering the 4-GHz passbandl. The

printed-probe coupler uses a housing that is split in
the same plane as the filter. This would simplify
fabrication and integration.

Filter Design

The dual band-pass filter is a planar resona-
tor card (l-roil copper shim) suspended between two
waveguide halfs in the E-plane 2. This approach
offers about 50 percent higher Q over the dielectric-
backed type ~.

A series of design nomography, employing
normalized parameters, have been developed to
determine the physical dimensions of E-plane wave-
guide band-pass filters. These curves are presented
in Fi ure 3. Starting with the model in Konishi’s

Ework ~ measurements of various test pieces resulted
in design nomography that are empirically adjusted
for direct application. These nomography have been
successfully used to realize band-pass filters in the

frequency range of 28 to 60-GHz, and can find use in

any waveguide application with the proper normaliza-

tion.
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Figure 3. Wavegmde Band-Pass Filter Design
Nornograph

The millimeter-wave channelizers, operating
in the 28 to 42-GHz and 42 to 60-GHz bands, were
developed to separate these bands into 4-GHz chan-
nels while providing 45 dB rejection to the center of
any adjacent channel. A seven-pole O. l-dB equal-
ripple Tchebycheff design was chosen as the optimum
filter type. The channel filters have been measured.
The measured bandwidths were typically within
O. 5 percent (maximum 4 percent) of the desired values
and the center frequencies were typically within 1 per-
cent of the design goal. Unloaded Q’s, Qu, were
within 30 percent of expected values (e. g., at 28 GHz,
a minimum passband loss of 0.2 dB was computed,
based on an expected Qu of 1700; loss minimum of
0.25 to O. 3-dB were measured. )

The theoretical VWVR for a O. l-dB Tchebycheff
design is 1. 5; typic:al values measured for the filters
were 2.0 to 2.5. Further VSWR improvement ap-
pears possible with a modification of input/output
coupling elements.

Filter Construction

The E-plane resonator, shown in Figure 2,
uses photolithographic techniques and chemical mill-
ing to produce the resonant elements on O. 001-inch
thick beryllium copper, BeCu. Whereas, the BeCu
is not an optimal material to minimize RF loss, its
mechanical properties are far superior to alter-
natives. The poor conductivity has been overcome by
applying a thin copper cladding after chemical milling.

Nomograph Limits

It has been determined that there are ranges of
the normalized filter parameters, a/Xo, K/Zo, and

W/k. over which practical filters may be realized.

For very large values of a/lo, i. e., frequencies of

operation well above the waveguide cutoff, propaga-
tion approaches a plane wave. Under this condition,
the E-plane septum has little effect, and the rejection
above the passband is degraded. Values of Ko/Zo

>0.5 for most values of a/X. axe not practical since

the width of the septum gets exceedingly small and,
as was experienced, the lumped-parameter model no
longer accurately applies. This was noted for the
28-GHz band-pass filter in which a very poor VSWR
(4) was initially measured.

The VSWR of the 28-GHz filter was improved
by widening the “a” dimension to obtain a more
favorable a/i. condition, giving a VSWH of 2.0 with

a practical septum width. Conversely, the 40-GHz
filter performance might be improved by reducing
the “a” dimension. In standard WR -28 waveguide,
a/X. = 0.95 for 40 GHz , resulting in relatively long

E-plane stripwidths and a poor upper frequent y re-
jection response. (Since performance was adequate
for our present application, the “a” dimension was
not modified. )

Filter Design Sequence

Given a desired filter characteristic, physical
dimensions are arrived at through the following
sequence.

1. Filter design type defines value and num-
ber of low-pass prototype element values, gi.

2. Normalized coupling coefficient, K.,
117 1

i+l’ d o are computed from.
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wher c

n = number of filter poles

BWD = filter design bandwidth

f. = filter center frequency

‘o = free-space wavelength at f.

a = waveguide width or “a” dimension

3. Using the nomograph of Figure 3, values of
K/Z. are entered, and the corresponding value of

W/h. is read off using the correct value of a/k .

(Extrapolation may be required between plotted!’curves
curves. )

4. The physical spacing between septums, L,
is derived from reference 2 under the constraint that
each resonator will be one-half waveguide wave-
length at fo, i. e., Oj = 180° (Equation 13 and Fig-

ure 52).

Coupler

The coupler is a broadwall multiaperture
hybrid which provides more than the required full-
waveguide bandwidth4. The physical form of the
coupler is shown in Figure 2. The housing is split
along the H-plane to accommodate a 10-mil, gold-
plated, beryllium copper sheet, which forms the
common wall between parallel waveguides. A 2 x 10
array of coupling aperture is formed in the sheet by
standard photo lithographic and chemical etching tech-
niques. These techniques are conducive to minimiz-
ing production cost and to repeatable performance.
The center section of the waveguides is reduced in
height to prevent moding.

The measured performance of this coupler in-
cludes high isolation (21 to 42 dB) and flat coupling
(3. 3 fO. 7 dB) across a 47-percent band (26 to 42 GHz).

Multiplexer Performance

The channel-dropping filters were tested as
individual diplexers. A photograph of a diplexer is
shown in Figure 2. The measured composite multi-
plexer performance is shown in Figure 5. The pass-
band insertion loss, as shown, is less than 2.8 dB.
Crossover losses will be improved by only small
changes in band-pass filter bandwidth.

FREQUENCY IN GHzse+?40

Figure 5. Measured Composite Multiplexer Per-
formance

Conclusion

A hybrid-coupled multiplexer covering a full
waveguide bandwidth (26 to 42 GHz) has been de-
veloped. The printed-element approach results in
low-product ion costs and repeatable performance,
without trimming. The design concept is applicable
to higher millimeter-wave frequent y bands. A
multiplexer covering the 42 to 62 -GHz band with five
4-GHz channels has been designed, and performance
data will be available shortly.
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Measured performance characteristics are shown in
Figure 4.
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Figure 4. 3-dB Coupler Performance
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