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'RE-ENTRANT FILTER

DESIGN USES MIGROSTRIP-
TO-SLOTLINE TRANSITIONS

This innovative filter design is based on even-
odd-mode microwave circuit-analysis techniques.

E-ENTRANT filters fea-
ture a simple architeeture that is suif-
ahle for low- and medium-density mi-
crowave integrated circuits (MICs). In
making this design approach practical,
it is necessary to develop an effective
means of modeling the transition be-
tween two different transmission me-

| dia: microstrip and slotline. Fortunate-

Iy, a set of design equations has been
derived for such predictions, with ex-
cellent agreement with experimental
results.

Slotline has long been considered |

as an alternative transmission line to
microstrip and stripline in MICs.™
Slotline offers a unique combination
of a planar-type geometry and a
transverse-electromagnetic (TE)
dominant mode similar to the domi-
nant mode in rectangular wave-
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| guide. Slotline on one side of 4 design

can be combined with microstrip on
the other side of a dielectric sub-
strate to create interesting possi-
bilities for realizing miniature mi-

erowave devices such as filters, |

couplers, and complete microwave
eircuits.®

Using this combination of slotline
and microstrip, it was possible to cre-

ate a novel structure for the design
of a re-entrant filter cireuit (Fig. 1).
Simulations of the performance of
this filter circuit, based on the de-
sign equations below, are well-sup-
ported by actual vector-analyzer
measurements made across a fre-
queney range of 1 to 10 GHa.

When a microstrip line and a slot-
line of egual characteristic impe-
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Half eirewit for even-odd mode analysis
Plane ol symmelry
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2. The equivalent circuit for the re-entrant filter (a) features symmelry about lumped element Z, with

slatiing stubs terminated in impedance

allows one-half of the circuit lo be scrutinized (b).

. Fur even-odd-mode analysis, the circuil’s symmetry
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RE-ENTRANT FILTER

danee cross each other at right
angles (and extend a guarter wave-
length beyond the crossing point),
coupling between the two lines is

strong and a transition covering ap- |
proximately 30-percent bandwidth |

is possible. This type of transition
has been investigated, with theoret-
ival and experimental results well-
documented,”™ "

FILTER LAYOUT

The basic layout of the re-entrant

filter consists of a microstrip trans- |

mission line of length 1, with a
lumped element of impedance Z,, in
its path and a slotline of length I, in
the ground plane crossing the miero-
strip line at two different locations,
which are symmetric with respect
to the location of the lumped ele-
ment. At the crossover points, the

i slotlines extend an arbitrary length

l,; beyend the crossing peints and

are then terminated with shorts.
Using the model for the miero-

strip-to-slotline transition, the re-

| entrant filter may be modeled by an |
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3. For the liller with shorted element Z,,, the
theoretical (a) and measured (b) values of
larward transmission (S;,) agree closely.
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New!

Wideband
PLL

1.6 GHz Low-Power Q3216 PLL
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programmable divide
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+ Evaluation hoards also
available
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RE-ENTRANT FILTER

4. When filter element
I, s assigned a
capacitive valve of
0.1 pF, Ihe thearetical

{a) and measured (b)
transmission values
still agree closely,

equivalent eircuit (Fig. 2a). In this
model, the slotline stubs have heen
terminated with an impedanee of Z,,
for analvsis of a general case, In the
special ease of the novel re-entrant
filter, Z., is set to zero for analysis
DUrpOSes.

The symmetry of the generalized
network is then exploited by using
even-odd-mode techniques such that
only one-half of the equivalent cir-
cuit is actually considered (Fig. 2b), "
In this technigue, the input wave-
form is broken into an even and odd
mode, while the vector amplitudes
of the various arms are computed
from the sums or differences of the
reflection or transmission coeffi-
cients. The transfer function of the
filter (S, ) is computed by:

S = 051, = [0 i1

where:

L, = [(4Z, - D.Z,) +
(B, - CZ ZHAZ, +

DZ, + 8 +C2Z.Z,) (2]
r, =[A2, - B.Z,} +
(By = CoZoZy )1 A2y +
DZ + B, + CZ.Z.) (3)
where:
I = the even-mode reflection co-
efficient,

', = the odd-mode reflection co-
efficient,

[AB.C.D,| = the even-mode
[ABCD] matrix,

[AB,.C.0,] = the odd-mode
[ABCD] matrix,

Zg, = the load impedance, and

2, = the generator impedance.

Considering Z,. equal to zero {a
short), the B and D terms of the
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even- and odd-mode matrices are
then only of interest for the caleula-
tion of 5;,. From transmission-line
theory:

B, = jZ, sin[2n{l, )] x
[f + {memn[nrfm.-‘?..)]} %

{mn[nrf,m]/z_,}] +
{Zm.f'j mn[:‘l:f'!mfl}]} %
r:a:[ZJ'I:['IH fk}] (4)

D, = - tanfn(l, /M) x
::'n{E:rtH”/}.J] +
cos| 2ntl, /h)] (5

B, = jZ, sin[2nfl, /)] x

(]

[+ z.{2, + iz, wnlmit, )}
{(i2a - 2.2, x tan[n(1, )]

m{nrr.ﬂ.J]}"] + cos{ 2ntl,, )]
Z,|{2, + iZq % rann(i, )]}

[z, + iz, x :an[nrrmm]]"] (6)

D, = [{siﬂ[kftﬂ.‘l)]} x

{mu[nfn’ﬁﬁ.,l]}_f:l +
cos| 2n(l,; /R)] (7}

To verify that these theoretical
derivations predict the behavior of
the filter, experiments were con-
dueted on actual re-entrant filter
designs. Two re-entrant filter cir-
cuits were fabricated on Teflon di-
electric substrates with a dielectric
constant of 2.33. The experimental
resulis clearly confirmed the theo-
retical findings. Dimensions of the
slotlines were calculated from pub-
lished slotline approximations.’ The
circuits were then tested on an HP
8T720E antomatic vector network
analyzer from Hewlett-Packard Co.
(Palo Alto, CA).

The measured transfer function of
these filter circuits closely matches
the values predicted by theory when
the impedance element in the micro-

RE-ENTRANT FILTER
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5, The lilter's spectral transmission
charactaristics ara ploHed as a function of
capacitance (top), stub length {middie), and
transmission-line-length ratio (1,1,,) (bottom).

strip line is shorted through (Figs.
3 and 4). Similarly, the theoretical
transfer function of the filters when
the lumped element is chosen to be
a capacitor (with a value of 0.1 pF)
closely matches the measured re-
sults for the fabricated filters at fre-
guencies up to 2 GHz. The particular
design appears to perform well as
a highpass filter. The experimental

results demonstrate a good order of
aceuracy and agreement with the
first-order theoretical analysis pre-
sented above.

Figure 5 shows the theoretical
spectral transmission characteristics
of a highpass configuration as a fune-
tion of capacitance (Z,), stub length
(1.2}, and transmission-line-length
ratio (L/l,). These plots are invalu-
able in providing cireuit designers
with an accurate understanding of
the performance of these filters un-
der circuit-element parameter-value
variations.

In conclusion, by taking advantage
of an effective microstrip-to-slotline
transition, the re-entrant filter de-
sign can be realized as an extremely
compact and reproducible format.
The basic design can be easily con-
figured to provide a number of spec-
tral responses in filters, couplers,
and other microwave components. e
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