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Abstract—A new type of a wide-band microwave filter is described and
2 named the reentrant directional filter, in which resonance occurs in the
2,2 g(A»}

2(00Z(1) Vx

(= )i+1 form of a traveling wave rather than in the conventional form of a standing
wave. This device is the network, which has the constant input impedance
) and is manufactured as the directional coupler’s free construction. An anal-
M N, — i - 1z,2(1) ysis of the reentrant directional filter shows it to have advantages in the
cos (/i) H =t (1Y g g(pi) case of wide-bands when compared to previously used directional filters.
J=1 Py — pi 2(0)Ze This filter finds application in multiplexers, as well as in matched bandpass
(band-stop) filters by using planar multilayer transmission-line technology.
Experimental results verify the theoretical approach.
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The resultani:; and\; are used to generate Cauchy data, while the

resultantZ(0) andZ(1) are used as boundary data to calculdte )
from ¢(x). The successive approximation method described in [8] I. INTRODUCTION

failed to recover;() from the Cauchy data. As is shown in Fig. 2(2), ¢ is well known [1] that directional filters are one type of device ca-

¢(x) diverges after two iterations. However, we can use the propos&&tole of performing systems that use frequency-division multiplexing.

method to calculate(x) without difficulty. For reference, Fig. 2(b) For example, wide-band multiplexers have been analyzed and con-
and (c) shows the related characteristic impedance and simul%%cted as described in [2].

|S11(jw)| of the NTL filter, respectively.

7=1

The basic directional filter proposed in [3] has been developed in
many papers [4]-[6]. However, the above-mentioned directional filters
IV. CONCLUSIONS are themselves badly adapted to multilayer (multilevel)-strip transmis-
When applied to constructing ) from Cauchy data, the successivesion-line technology, which has been an increased interest in recent
approximation method suffers from two disadvantages, i.e., severaDiars in RF integrated circuits. For instance, the analysis and design of
erations are needed and they sometimes fail when the correspondihdtilayer coupled-line directional couplers has recently been reported
q(x) is large and oscillates rapidly. In the present algorithte) can  in [7].
be recovered straightforwardly from Cauchy data by using the exactThis paper present a novel wide-band directional filter called a
data of¢(x) at = ¢ and adopting a proper discrete form of the relatedg€eentrant directional filter,” which is better adapted itself to multilayer
integral equation; hence, the above disadvantages are avoided. TheP#par transmission-line technology through the full screening of its
merical error of the proposed method mainly depends upon samplfiggments.
spacingA.
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Fig. 1. View of reentrant directional filter.

The method of analysis used here follows the conventional approatgpendent electrical lengtg andé  in the matrices are expressed
developed by Reed and Wheeler [8] and has been adopted for theidierms of normalized frequencigg fo 5 andf/ fox, respectively, as
rectional filter, whereby the total voltages and currents on the structdodiows:
are obtained by applying the principal of superposition of the even- and - 7 - f
odd-mode (excitation) solutions. The even-mode solution occurs when i = (§> <f_) On = (5> <f ) - (3)
the structure is bisected through its vertical plane of symn®@thy a JoB N
magnetic wall, while the odd-mode solution occurs when the bisectifigpe valuesfos and fon are the distinctive frequencies of the corre-
plane is an electric wall. Therefore, the configuration of the structuggponding fragments, i.e., ff= fop(f = fon ), thenfg = 90°(An =
in Fig. 1 can be reduced to two equivalent even- and odd-mode circit’). In generalfz # 6x because of the possible differences of

leading to the corresponding scattering matrice$ and[S.] mediums €.z # =-n) oOr physical lengths. However, the difference
Si1e  Sise Si1e Sise of distinctive frequencies can be equal to zefgs( = fon) by subse-
[S.] = [ - } [S.] = [ } . (1) quently choosing the appropriate mediums and/or physical lengths.
S12¢  Siie Si20 Stie When four terminal ports of the structure illustrated in Fig. 1 are ter-

These matrices are defined in a widely used manner by using the ggtated in the proper constant resistance, the device is like a directional
eral definition for scattering parameters [9] of the four-port circuitlter with constant inputimpedancé{; = 0) and infinite directivity
with the reentrant cross sections [10]. In this way, the overall scatterifigg+ = 0) at all frequencies. In this filter, energy is transferred back-

matrix[S] for the symmetrical directional filter may be written as ~ Ward instead of forward. Hence, if a signal is fed into the first terminal
port, part of that signal will emerge at terminal port 2 and the remainder

at third terminal port. Furthermore, this energy division is frequency se-
Si2 S11 Sia Sis lective with no signal emergence from the diagonally opposite fourth
[S]= ) terminal port.
The characteristics of this reentrant directional filter can be deter-
Sia Sia Sz Sn mined rigorously from the scattering matrix (2) by varying in magni-
S = (Si1e + S110)/2 tudethe_charactens_tlc_mpc_adarﬁg a_ndZN with those prescribed by
the terminal transmission ling%,, which are bound to be equal to the
S12 = (S11e = S110) /2 constant resistance. The parameter-optimization problem was solved
S13 = (S12¢ + S120)/2 Flyl?w?ins of one of (tjhe numT:‘ical tr_nethods of nonlinear programming
. The corresponding goal function is
Sia = (Size — Siz0)/2. ponding g

To calculate the frequency sensitivity of the device, the junctions are F(8)

still assumed to be pure shunt or series connections. The frequency- B ; {

Sua (6] +

514(9,-)”. @)
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Fig. 2. Computed responses of the reentrant directional filters. the loop conductor impedance. The valBe is a dashed line denoted

by the bandwidth ratio of a bandpass chanhe- 3 by means of
Zn Q2 “2 L. dB B 1/v/2 (3 dB): Br = fu/fr (see Fig. 2). The attenuatioh,, =
100 5 101g(1/|S13/%,) is a dotted line related to the ripple mean in a pass-
band when the impedancg; is chosen less tha#iz i . Since the di-
rectional filter is symmetric with respect to two planes, it is evident that
the two outputs at ports 2 and 3 differ in phase by&all frequencies.
'.. ThUS,ltilg — P12 = 900, @12 = arg(Slz), Y13 = arg(Slg).
50 .. N 3
Zns dm _.\ B Ill. GENERAL DESIGN PROCEDURE ANDEXPERIMENTAL RESULTS
L/.‘- \(\—l>- In order to demonstrate the principles, the 66% bandwidth direc-
* ) | \ tional filter with a maximally flat response over an octave frequency
ol [+ | 1) range was synthesized. The center frequency is 1.5 GHz corresponding
20 30 é“ 0 5o Z5 Q) tofp = O = 90°. From Fig. 3, forBr equal to two, we have
Zp=41Q Zy=204Q. 7
Fig. 3. Complete results of an optimization process of the reentrant directional

filters. The printed-circuit version of this directional filter is manufactured

in a four-layer Teflon strip-line technique with a commercially avail-
. able thin-core copper-clad center boards made from Russian dielec-
Hered; = 0g;, = On: = (/2)(f: , fo isthe center frequency ofa . . .
frequency raBngng ; fUB(T:/ f)o(j /.Ifﬁé 13;()equencie$1 c}( N ﬂy/Q tric material ‘©4 M C®-2" and with ground-plane boards made from
are placed on the left-hand sidefaf The frequency x4 1),» is equal Rluzsmntgleletc;rlc _In_]ﬁtetrk'?iAq):l ur(;c;lad fo?hone Eldedand cogp2e7r
to the center frequency. The following frequencigsare placed on clad on the other. The thicknesg andf. of these boards are .

right-hand side off, where N is odd. The frequency steg — and 1.5 mm, respectively. The thicknessof the copper peel is equal
fi — f are indep;endent with a numbeérand are chosen in the to 0.02 mm. The hose was Teflon because of its very low dissipation
(5’61 0.0001) f, range factor and small dielectric-constant variation, i®g = s.n = 2.5.

Ifthe goal functi9n (4)reducestoa minimum with the freguency ste\%1 Llequ;m;nr:jSIZO:Zé);ot::jeinlglgntis(?)reTgisilrg;Zgats Zgr;)iiu dcce‘at;:]riirzzgu'red
65 = 0.01fy andN = 41, then the optimum value of the mpedancefrom the imped:emce of a metallic.bar of widihy and heighttx —
Zg andZy are determined. The characteristic impedafgés equal 9%, + 3o — 0.6 mm placed within a ground-plane s acib\g _
t0 50%2. For all, thf electrical lengtits, = 2ma/A; andd, = 2md/; éfﬂ—l—f\' - 3_6 rﬁm as ghown inFig. 4 'Ighe vallﬁi is othe)lined fro_m
(\§ = 2.9979 - 10%/(fo\/2-~ )) are negligible, in respect to those for: @ ™" — * P . T . .
coaxial line center and loop conductors. For example, they are :‘;mﬁzdsgzi ZLchiglg? of ;TCTSE‘S azdr‘é\"ritr:u?o Fg:f;m';htlﬂe
- = A o = U0 .
0o =0n/(10,...,15) 04 =0xn/(12,...,17). (5) strip-line widths, the formulas in [1] served for calculation; thus, we

) ) ] ~ havewp = 0.53 mm andwxy = 6.65 mm.
Thus, the optimum impedancés; and Zy may be defined, which |, Fig. 5, in this version of the filter, two thin-core center boards of

provide the directional filter's usual frequency responses. For instanges_,,m thicknes&, andG-, are used , and are placed after following
Fig. 2 shows the responses of two versions of these filters. The M@xciprocal combination between the ground-plane boards. The center
imally flat version according t&s = 40 2 andZx = 22.5 €S conductors A-D (0.53-mm width) have been etched on one side of the
depicted by a solid line and the other corresponding0= 25 €2 poard@, . On the other side, this board of the upper plane of the loop
andZy = 75 (2 is depicted by a dashed line. It may be seen thabnductorL was realized; the lower plane of which has been etched on
it is possible for the filters to perform with an equal-ripple responsgye side of the board, with its other side being fully peel free. As

while the familiar filters [3], [4], [6] with one loop conductor cannoty yegqyit, after assembling the filter, we have the following dimensions:
be shaped from that. A border between the equal-ripple and maximally — ,, = 6.65 mm,a = 2 mm, andd = 1.5 mm. Furthermore, a

flat responses is the numerical solved impedance to be equal to  equired equipotential surface of both of the loop conductor planes can

Zon = Zns = Zo/ V2. (6) be obtained by a solder through 12 pieces of 0.4-mm-diameter metal-

lized holes (MHSs), as shown in Fig. 5. The connectors for the strip lines
The results of this optimization process are presented in Fig. 3 as there four Russian32 — 116/1” with the terminating strip-line width

functions of impedanc&g. Here,Zx is a solid line, which mapped wo equal to 2.7 mm. The detailed information of Russian connectors
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Fig. 5. First and second centered boards of the manufactured filter.
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Fig. 6. Measured'-parameters of the reentrant directional filter.
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IV. CONCLUSION
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As has been described, the novel reentrant directional filter presentsi)

to the microwave engineering a new type of multilayer circuit, which is

relatively simple in realization and has acceptable frequency responsdé?]
return loss, and directivity. The full-wave analysis would be appropriate
for achieving more accuracy in the special case when a thickness of thes)

boards is very low and/or the operating frequencies are higher.
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