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Novel Microstrip-Line Directional Filters
Il. MICROWAVE DIRECTIONAL FILTERS

Stanislaw Rosloniec and Tahar Habib WITH TwO AND FOUR P-I-N DIODES

The microstrip line configurations of the filters being investigated
are shown in Fig. 2. These filters are composed of two microstrip-
line resonators, two or four p-i-n diodes, and a 1§Mhase-reversal
unit which is placed at the center of one resonator. Near this

Abstract—This paper presents two new structures of four-port mi-
crowave directional filters incorporating microstrip-line resonators, uni-
planar 180° phase-reversal units, and two or four identical p-i-n diodes.

These filters provide substantially improved frequency characteristics

compared to the conventional constructions. The unique feature of them
is that they ensure high-level isolation independent of frequency between
opposite ports. Due to this electrical property the proposed filters may be

suitable for some pulse-radar applications.

Index Terms—Microstrip-line directional filters, microwave filters, T/R
modules.

|. INTRODUCTION

center the standing wave forms a short-circuit node. Therefore, the
equivalent inductanceé of this unit [Fig. 3(a) and (b)], have to

be especially small. This requirement explains why in the proposed
filters relatively wide and short copper strips are used as electrical
bonds. A constructional view of the proposed design, using the
slotline hollow patches for broad-band open conditions, is illustrated
in Fig. 3(c) and (d) [4], [5]. The second resonator including the°180
phase-reversal unit should be electrically uniform over the entire
length, so that at any cross section its characteristic impedance will be
the same. Thus, the finite ground plane of the microstrip line caused

Directional filters are indispensable components of transmit/recei¥ the slotline hollow patches has to be taken into account in the
(T/R) modules (see Fig. 1) used in various communication systerf€sign process.
The conventional nonadjustable structures of them are comprehenlhe first filter (DF-2) presented in Fig. 2(a) is asymmetric with
sively described in the literature [1]-[3]. These filters, howevefespect to the horizontat—' and verticaly—y' planes, and for
cannot be applied directly in systems with transmit and receif@is reason cannot be analyzed by using the even- and odd-mode
signals of the same or very close frequencies. Furthermore, tH¥gitation method [3], [6]. Consequently, the following numerical
do not ensure perfect isolation independent of frequency betwedgorithm is proposed here for this purpose. The idea of this algorithm
opposite ports marked as 2 and 3 in Fig. 1. Consequently, the receigessimilar to that used in [7]. For any pair of ports, and !,
cannot be sufficiently protected from the transmitter over the requirtite filter DF-2 may be treated as a reciprocal two-port network
frequency range. In order to eliminate the above disadvantages #fgorporating two partial two-portsy; and()«; connected in parallel,
electronically switchable microstrip-line directional filters have bee@s shown in Fig. 4(a). For clarification of further considerations
developed. The construction and electrical performance of these filtls us assume that the scattering paramefars Sis, Sii, and
are the subject of this paper. The validity of the presented theoretiéak Of the filter are evaluated. In this case, two-pofts; and
results has been confirmed experimentally for the frequency rangeldf: are similar to those shown in Fig. 4(b) and (c). The transfer

0.5-1.5 GHz.
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matrices(ABCD)p and (ABCD)¢ of these circuits can be easily
calculated by multiplying the corresponding matricesBC D) of
the elementary cascade components [8]. When the resulting matrices
(ABCD)p and (ABCD)q are known, then we can evaluate the
admittance matricegY]» and [Y] related to them. The total
mittance matrixY] = [Y]r + [Y]o makes it possible to calculate
the scattering parametef$s being sought. For this purpose we can
use the well-known matrix transformatiofis] — [S], [8], [9]. The

0018-9480/97$10.00 1997 IEEE
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Fig. 2. Microstrip-line directional filters. (a) DF-2. (b) DF-4.
L c D
] ! |
A B! A l — O B -:; ]
“" " ” ” k Z
" 7 0 |
” " , Ed " . .

B A Bt g 1 !
— P Qo | !
2Y |

s .
-:r——l—\,————l |
(@) (b) 1 2
0 |
: |
S -
@)

4
(c) (d)
Fig. 3. A 180 phase-reversal unit. (a) Cross section. (b) Equivalent circuit. 4
(c) Front view. (d) Rear view.
remaining scattering parameters of the filter may be evaluated in a A/4 /4 a/4
similar manner. Then, we can calculate the voltage standing-wave
ratio and insertion-loss characteristics expressed as ;
VSWR(f) = [1+[Ske(HI/[L = 1Ske ()] @
and 1"
Li(f)[dB] = 201og[1/[Sw(£)[] &)

©

wherek = 1,2, 3,4 and/ = 1, 2, 3, 4. 4. Equivalent circuits for determining th&;,, Si4, S41, and Si4
The filter DF-4 shown in Flg 2(b) is symmetrical with reSpecécattermg parameters. (a) General circuit. (b) Two-p@ri. (c) Two-port
to the horizontal plane: = 2’ and can be analyzed by using theQ;..

even- and odd-mode excitation method [6]. Of course, this one

may be analyzed also in the manner described above. Such an ) ) )

approach has been used for calculating the frequency characterisfies= °0 1,2 =509, Ce = 2.2 nF and p-i-n diodes (chips) of type
presented in Fig. 5. The calculations have been carried out fdA4P7000 forward biased (see Appendix). In this case, the reactance
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Fig. 5. Theoretical characteristi8sSW R (f), L12(f), andL3(f) eval-
uated for the filters DF-2 and DF-4 with forward-biased p-i-n diodes of type  _ 8

MA4P7000 (see Appendix).
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Fig. 7. Characteristics (ay SW R; and (b) S21 [dB] experimentally and
theoretically (the dashed lines) obtained for the DF-4 filter with ideal p-i-n
diodes in the on state simulated by zero-impedance switches. Similar charac-
teristics are achieved for the DF-2 filter if/ (wC) = 0.

X. = 1/(wCs) is negligible in comparison with the characteristic
impedancesZ and Z,. The characteristicds»(f) and L14(f) are

not illustrated because they are greater than 100 dB over a wide
frequency band. If the diodes are reverse biased then characteristics
VSWRs(f), Ls1(f), and Ls4(f) calculated for both filters are
shown in Fig. 6. Also in this casd,s2(f) is greater than 100 dB
over the frequency range. The characteridiia (f), shown by the
dashed line, has been calculated for the filter DF-2 with a decreased
value of the p-i-n diode capacitanc®& equal to 0.3 pF. It should

be pointed out that the isolation characteristics (f) and Lz (f)

are independent of the parameters of the p-i-n diodes if the diodes
are identical. All the characteristics presented have been calculated
under the assumption that dissipative losses in the filter microstrip-
line sections are negligible. Additionally, it has been assumed that
the 180 phase-reversal units are ideal, i.e., that paramdier§’,
and1/Y; of the equivalent circuit shown in Fig. 3 are equal to zero.

I1l.  EXPERIMENTAL RESULTS

In order to verify the theoretical predictions, the filters DF-2 and
DF-4 (see Fig. 2) have been designed 8s: = 50 €2, Z = 50 €2,

Fig. 6. Characteristick' SW R3(f), L31(f), andLz4(f) calculated forthe fo = 1 GHz, s = 2.2 nF and ideal p-i-n diodes simulated
filters DF-2 and DF-4 with reverse-biased p-i-n diodes of type MA4P7008y lossless electrical switches. The filters have been constructed

(see Appendix).

in the microstrip-line technology using epoxy—glass substrates with
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Fig. 8. Characteristics (a¥3: [dB] and (b) S41 [dB] experimentally and theoretically (the dashed lines) obtained for DF-2 and DF-4 filters with ideal
theoretically (the dashed lines) obtained for the DF-4 filter with ideal p-i-R-i-n diodes in the off state. The switches simulating p-i-n diodes have been
diodes in the on state simulated by zero-impedance switches. The coffénoved.

sponding characteristics obtained for the DF-2 filter are almost the same if

1/(wCs) = 0.

confirmed experimentally that characteristi®s(f) and Ss2(f)
depend strongly on the construction of the phase-reversal unit. Its |

equivalent shunt admittancé¥ f) = j2x fC andY, due to the slot- 'L_PACKAGE ' L |

line hollow patches [Figs. 3(b), (d)], should be as small as possible -0 -0

over a required frequency band. The admittak¢g) can be reduced Fig. 10. Equ_ivalent circuits for the p-i-n diodes under (a) forward bias and
by increasing the widthV, of the slot in which copper strips forming () reverse bias.

the 180 twist are placed. Similarly, by increasing the geometrical

dimensions of the slot-line hollow patches, the characteristi¢sf) than the two-diode one due to the additional p-i-n diodes. The filter
and Ss3»(f) become more broad-band. They extend mainly towafdF-4, however, ensures better transmission between ports 3 and 1
the lower frequencies. From the analysis performed, it follows thé&ee Fig. 6). Moreover, its transmission characterigttdV R; () is

the experimental results confirm well the theoretical predictions. Asore broad-band in comparison with the corresponding one obtained
seen in Fig. 5, the four-diode filter (DF-4) has greater insertion lofar the filter DF-2 (Fig. 9).
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electrical permittivitye, = 4.23, dielectric thicknessh of 2 mm I

and _strlp thickness equal to 0.035 mm. The ge_ometry of the (@ Zgp —™ cp Rg I

slot-line hollow patches has been evaluated experimentally [4], [5]. I

Figs. 7 and 8 present frequency characteristiéc8¥ Ry, S»1[dB] = ) PACKAGE 14 |

2()10g|821|, S;gl[dB] = 2010g|S31| and 541[dB] = 2()10g|S41| [ I T |
obtained experimentally for both filters with the switches short-

circuited. When the switches are in the off state then characteristics F——= 1= == —

S33[dB] = 201log|Ss3| and S32[dB] = 20log|Ss2| are similar to 1 I, n CHIP

that shown in Fig. 9. The corresponding theoretical characteristics o ~ _L |
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IV. CONCLUSIONS Radiation Properties of a Planar Dielectric Waveguide

Two original electronically switchable microstrip-line directional ~Loaded with Conducting-Strip Diffraction Grating
filters are presented. They provide substantially improved frequency
characteristics compared to the conventional constructions. The
unique feature of them is that they offer high-level isolation,
Independ_ent of frequency, ovgr a wide frque_ncy range fqr two pairs stract—A dielectric planar waveguide periodically loaded with con-
of oppOSIt.e ports. These 'SOIat'Or.' Charac?terlstlcs are also.lndepenq](m ing strips is considered as a possible antenna for millimeter-wave
of the p-i-n diode parameters if the diodes used are identical. rihge. We show that separating the grating from the waveguide leads to
should be pointed out that the above conclusions relate to the filtérs reduction of radiative attenuation of the waveguided radiation and
operating in two modes (reception and transmission), i.e., when g#bstantial narrowing of the angular spread of the diffracted radiation.
diodes are forward or reverse biased. Thus, these directional filterﬁqdex Terms—Diffraction grating antennas, leaky-wave antennas.
seem to be suitable for some radio-communication applications.

Aleksander Bedowski and Wadyslaw Zakowicz

APPENDIX |. INTRODUCTION

Fig. 10 presents equivalent circuits for MA4P7000 p-i-n diode
under forward and reverse bias. The following parameters ha¥

Diffraction gratings placed on the surface of dielectric waveguides
{e very important components of many microwave devices serving

been used for calculations?, = 0.001 pF, L, = 0.001 nH either as transmitting or receiving antennas and also subject to
R.(Io = 100 mA) = 0.8 Q ICT( e = 100 \/) ,7: 0.70 pF ana numerous theoretical and experimental studies.
R(Ux = 100 V) = 200 k. Our theoretical analysis, developed along a general electromagnetic

theory of gratings [1] and [2], is devoted to a planar dielectric
waveguide loaded with periodic infinitely thin metallic strips made
REFERENCES of perfect conductor. We consider this system for a millimeter-
wavelength radiation.
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metallic strips distributed periodically with a peried The grating
is separated from the waveguide by a dielectric layer of thickhess
and dielectric constant,. The metallic strips are made of perfect
conductor, have widthv, and infinitesimal thickness. The whole
system is surrounded by a homogeneous dielectric medium with
dielectric constant,. The system, along with a coordinate system
used, are shown in Fig. 1.
We assume the electromagnetic waves to be monochromatic with
the time-dependence factexp (iwt), perpendicularly propagating
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