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ABSTRACT

Diplexers usually have a three-way common junction whose rather complex discontinuity imposes severe re-

strictions on attempts to control the different impedances presented by channels of different frequency.

A new

type of stripline diplexer has been developed that employs series-connected distributed elements emerging from

its common junction to yield a compact structure free of these discontinuity problems.

The concept was imple-

mented in a printed-circuit diplexer built as part of a C-band varactor-tripler circuit, and was verified by

test.

Introduction

Coaxial and printed distributed elements readily
lend themselves to parallel and cascade comnection in
microwave circuits (Figures 1A and 1B), but connecting
the same elements in series (Figure 1C) is much more
complicated. The problem is often avoided by using
coupled-line structures whose electrical equivalents
contain circuit elements connected in series. Indeed,
many of the commonly used microwave filters (side-

coupled, interdigital) employ this concept, as do
1
other microwave components such as couplers™ and multi-

plexersz. In addition, the use of circuit elements
connected in series has proved to be crucial for ex-

. . . 1,3,4
panding the bandwidth of various components >3 and,
as shown below, can provide a compact structure for di-
plexers.

Structural Description

Figure 2 illustrates the usual type of three-way
junction, and Figure 3 the newly developed stripline
version and its electrical equivalent. Both are
printed circuits. As shown in Figure 3A, two broad-
side-coupled lines are centered between ground planes,
which are separated by a distance Bo‘ The width of the

coupled lines is identified as W,, and the distance be-

4
tween them as B. Being excited symmetrically, the

coupled lines form a shunt stub with an input impedance
of 214 (Figure 3B). The Zil’ ZiZ’ and Zi3 terms repre-

sent the input impedances of the series stubs; the
series configuration results from the termination of
their electric fields on the upper and lower printed
1i f i . i

ines, forming Zi4 In this case, the Zil’ ZiZ’ and
Zi3 impedances should be regarded as electrically
floating in reference to the ground planes, yielding a
"Y" connection. To ensure that they are not side-
coupled between themselves, the following relations
should be fulfilled:

+
W, > W F W, R W+ S, TS €))

S12 > B and 813 > B (2)

The W and S terms, which are omitted in Figure 3A, re-
spectively represent the widths of the corresponding
stubs and the distances separating them. Relations 1
and 2 set a practical limit on the number of different
channels emerging from a junction.

*
Work performed while author was with Rafael, Israel.
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. band varactor tripler.

1 9° Zi3 their

corresponding characteristic impedances Z

In order to control Z_ ., Z, , and Z_ ,
i i i4

01’ Z02° %03’

and Z For this pur-

04
pose, the Z

should be realized precisely.
o1’ Z0 03 transmission lines are con-
sidered as regular printed lines between ground planes
separated by a distance B (Figure 3A). Tor this case,
the relationship between Z0 and W/B can be found in

1
Matthaei, et al. Because these broadside-coupled
lines, which form the shunt stub with the input imped-
ance Zi4’ are excited symmetrically, their characteris-

2° and Z

tic impedance, 204, can be calculated as follows:

where ZOE

the broadside-coupled lines. Cohn5 provides the rela-

tion between ZOE and the corresponding geometrical pa-

rameters WA, BO, and B.

is the even-mode characteristic impedance of

Implementation

The stripline-diplexer concept was implemented
with the construction of an all-printed version of a C-
Essentially, every varactor
multiplier is a combination of a diplexer and a match-
ing network. For this implementation, the input imped-
ance (Port 2 in Figure 3) is required to be 50 ohms at
both the input and output frequencies (fi and fo).

Port 1 is driven by a source whose impedance is 50 ohms
at frequency fi’ and Port 3 is terminated by a load of

50 ohms at frequency f0 (for the tripler case, f0 =
3fi). l)

and output channel (213) should behave as illustrated in

To meet this requirement, the input channel (Zi

Figure 4 and as outlined below. Using

7 -z ZL + JZO2 tan 62
1 02 7, + 32

L tan 92

02 the characteristic

impedance of the transmission line, 92 the electrical

length, and ZL the terminating load, it is clear that

where Zi is the input impedance, Z

the circuits depicted in Figures 4A and 4B respectively
meet the requirements for the input and output chan-
nels. This can be verified by noting for the input-
channel circuit that, at the output frequency (3fi),

the shorted load is transferred to a short along one

= 30 ohms and

wavelength (92 = 3600) of a line with Z0

212



then through a single quarter wavelength (61 = 900) of

line with Z, = 90 ohms, to yield Zi(3fi) =00. 1In order

0
to yield Zi(fi) = 0, the same channel should maintain

tan 61

Zop 5y
Z01 tan 62

with 6, = 120° and 8, = 30°, the characteristic-imped-
ance ratio becomes ZOZ/ZOl = 3. The circuit shown in

Figure 4B can be verified similarly.

The input and output circuits having been estab-
lished, it remains to determine the circuit at the com-
mon port (Port 2, Figure 3B). If Zi2 and Z14 together

constitute a bandpass—filter circuit passing fi and 3fi

simultaneously, the diplexer design for a varactor

tripler is completed. For this purpose, Zi2 should

consist of an open stub one-quarter wavelength long at

fi’ and Zi4 should consist of a shorted stub one-

quarter wavelength long at the same frequency. Because
impedance changes periodically as a function of fre-
quency in transmission lines, this circuit will yield a

values were chosen on the basis of geometrical con-

straints, with W2 as narrow as possible and w4 as wide

as possible.

Tested apart from the varactor tripler, the di-
plexer yielded the results plotted in Figure 5, which
also shows the calculated theoretical values.
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passband at fi as well as at 3fi. The 202 and 204
¥
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FIGURE 2:

3-WAY JUNCTION, PRINTED-CIRCUIT VERSION.
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FIGURE 3: NEW THREE-WAY JUNCTION IN STRIPLINE.
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FIGURE 4: IMPEDANCE VS FREQUENCY, DIPLEXER
CIRCUITS FOR VARACTOR TRIPLER.
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FIGURE 5: MFASURED AND CALCULATED RESULTS.



