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Alternative embodiments of PPW stop band filters: (a) Capacitive-loaded infinite wire media, (b) a
PPW filter of finite height using internal capacitors, (c) PPW filters of finite height using external
capacitors. The supporting dielectric structure is not shown.
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FIG. 14
Stopband Microstripes Eigenvalue Solution
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Comparison of stop band frequencies for the PPW filter shown in FIG. 9.
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SYSTEMS AND METHODS FOR BLOCKING
MICROWAVE PROPAGATION IN PARALLEL
PLATE STRUCTURES

BACKGROUND

The present application is a divisional application of U.S.
Ser. No. 10/796,398, filed on Mar. 8, 2004 which issued as
U.S. Pat. No. 7,157,992, on Jan. 2, 2007, and is co-pending
with U.S. Ser. No. 11/374,931, filed on Mar. 13, 2006, which
is a continuation of U.S. Ser. No. 10/796,398, each applica-
tion being incorporated herein by reference.

1. Field of the Inventions

The field of the invention relates generally to systems and
methods for blocking the propagation of electromagnetic
waves in parallel plate structures and more particularly, to
electromagnetic noise reduction in layered electronic
devices.

2. Background Information

Electronic devices are often configured as layered assem-
blies of two-dimensional structures. These layered assem-
blies, which include such familiar devices as printed wiring
boards, multi-chip modules, and integrated semiconductor
chips, are known generally as “multi-layer preformed panel
circuits” or simply “panel circuits”. Electromagnetic noise
propagation in panel circuits has become increasingly prob-
lematic as increases in performance dictate simultaneously
higher device operating speeds and decreased operating volt-
ages. Both of these trends have converged to make these
devices more susceptible to electronic noise, thereby limiting
panel circuit performance because of spurious electrical sig-
nal levels generated primarily within the panel circuit itself.
One particularly troublesome noise source is high-speed digi-
tal switching noise imposed on the nominally constant volt-
age (DC) power distribution system. DC power distribution is
most commonly accomplished in panel circuits by means of
two closely spaced and substantially parallel conductors,
generally referred to as the “power plane” and the “ground
plane”. This general structure unfortunately also enables
radio frequency (RF) noise propagation throughout the
device by acting as a parallel-plate waveguide (PPW). Vari-
ous means have been employed to attenuate this electronic
noise by, for example, inserting strategically placed shunt
capacitors and/or selecting the location of sensitive compo-
nents to correspond to voltage minima in the noise spatial
distribution. These methods are relatively effective at fre-
quencies below about 500 MHz. Above this frequency level,
there remains a growing need for more effective means of
electrical noise isolation.

One possible approach to mitigating the effect of power
plane noise in panel devices would be to impose within the
power plane, RF blocking filter structures that could operate
effectively above 500 MHz. A particularly effective design of
high-frequency RF filter is the ‘waffle iron’ filter, first pro-
posed in 1950 by S. B. Cohn. Waffle iron filters are a type of
low-pass corrugated waveguide filter that contains both trans-
verse and longitudinal slots cut into the internal walls of the
rectangular guide. These slots create opposing teeth or
bosses, resulting in the structure suggesting its name. Waftle
iron waveguide filters, as depicted generically in FIG. 1, are
characterized by wide, high-attenuation, two-dimensional
“stop bands”. Stop bands are spectral regions where electro-
magnetic wave propagation is impeded due to the constraints
imposed by a periodic array of interactive elements. The
topology, capacitance, and inductance of the waftle iron fil-
ter’s resonant elements define its stop band characteristics.
Waffle iron filters were originally designed for high power
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microwave applications, and its embodiments for this appli-
cation are not well suited to small-scale panel circuits. How-
ever, the technologies that have arisen in support of circuit
board, integrated circuit, and other types of panel circuit
fabrication are adaptable to making various types of minia-
turized resonant elements that could be configured to produce
compact filters that have a similar effect, or characteristics of
a waffle iron type of filter.

For example, in printed wiring boards (PWB’s), “resonant
vias” can be fabricated. A resonant via is used here to denote
a shunt electrical circuit containing one or more plated
through holes (PTH) in series with one or more capacitors.
PTH’s are routinely fabricated in PWB’s, as well as in other
panel circuit devices such as multi-chip modules and inte-
grated ciruits (IC’s). The term “resonant via” was introduced
by Sedki Riad inhis U.S. Pat. No. 5,886,597 (Riad). However,
Riad more narrowly claimed a resonant via as one PTH in
series with one capacitor and his patent emphasizes only the
RF decoupling application for resonant vias, where they are
used as a low impedance interlayer connection between metal
layers in multilayer PWB’s. Although Riad discloses the use
of multiple resonant vias, he does not suggest the idea of
employing a periodic array for the purpose of creating a well
defined stop band filter.

SUMMARY OF THE INVENTION

A method for configuring systems of RF filters adaptable to
panel type circuits such as printed wiring boards, integrated
circuits, multi-chip modules and the like. In one aspect, a
generalized method for generating a comprehensive set of
resonant via topologies and the incorporation of these topolo-
gies into systems of periodic arrays are adaptable to the prob-
lem of reducing RF noise within parallel plate waveguide
(PPW) structures. More particularly, the method disclosed
address the problem of millimeter and microwave propaga-
tion within the parallel PPW structures that are inherent in the
generally layered character of panel circuits.

These and other features, aspects, and embodiments of the
invention are described below in the section entitled
“Detailed Description of the Preferred Embodiments.”

BRIEF DESCRIPTION OF THE DRAWINGS

Features, aspects, and embodiments of the inventions are
described in conjunction with the attached drawings, in
which:

FIG. 1 illustrates a prior art waffle-iron waveguide filter.

FIG. 2 illustrates an elevation view showing an array of
resonant vias.

FIG. 3 illustrates an equivalent circuit for a resonant via
shown in FIG. 2.

FIG. 4 illustrates five basic types of resonant vias.

FIG. 5 illustrates a wire periodically loaded with uniform
series impedances, an array of such loaded wires to create a
loaded wire medium, and a special case of this medium using
parallel-plate capacitors as circuit loads.

FIG. 6 illustrates planes of symmetry in a capacitive loaded
wire medium, and several exemplary equivalent parallel-
plate waveguide (PPW) stop band filters.

FIG. 7 illustrates an alternative implementation of a loaded
wire medium, and several embodiments of PPW stop band
filters derived using planes of symmetry.

FIG. 8 illustrates hybrid embodiments of PPW stop band
filters that include both internal and external capacitive loads.

FIG. 9 illustrates an elevation view of an array of internal T
resonant vias.
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FIG. 10 illustrates the Brillouin Zone for a rectangular
periodic array whose periods in the x and y directions are “a”
and “b”.

FIG. 11 presents the dispersion diagram along the I'X line
for the square lattice of resonant vias shown in FIG. 9.

FIG. 12 presents the dispersion diagram along the I'M line
for the square lattice of resonant vias shown in FIG. 9.

FIG. 13 is the simulated geometry for the resonant via array
shown in FIG. 9.

FIG. 14 presents the TEM mode transmission and reflec-
tion response for the array of resonant vias shown in FIG. 13.

FIG. 15 presents a comparison of the stopband perfor-
mance predicted by two methods: numerical (Microstripes)
simulation on a finite sized array versus an eigenmode calcu-
lation of an infinite array.

FIG. 16 illustrates an equivalent loaded wire medium for a
given array of internal T resonant vias, as well as the equiva-
lent circuit for the principal axis wave propagation in the
medium.

FIG. 17 illustrates various embodiments of resonant via
arrays with commensurate periods.

FIG. 18 illustrates a commensurate periodic array compris-
ing a cascade of eight unit cells of resonant vias of type H12
shown in FIG. 17.

FIG. 19 presents the TEM mode transmission and reflec-
tion response for the cascaded commensurate array of reso-
nant vias shown in FIG. 18.

FIG. 20 illustrates an embodiment of a PPW stop band
filter integrated into the power distribution network of a mul-
tilayered preformed panel circuit.

FIG. 21 illustrates a resonant via comprising a plated
through-hole as it might be realized in a printed wiring assem-
bly (PWA).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 2 depicts a general example of the invention of Riad,
implementing a grounding scheme by a plurality of resonant
vias interposed between a PPW structure as disclosed in FIG.
2 of Riad. FIG. 3 shows Riad’s equivalent circuit model of a
single resonant via of FIG. 2, which consists of an inductor
(LV)in series with a capacitor (CV) that models, respectively,
the inductive via post 14a and capacitive plate 145 of FIG. 2.
This idealized circuit comprises a resonant shunt circuit
between the upper plate 4 and lower ground plate 10. Riad
showed that by appropriately configuring the dimensions of
the vias, particular values of inductance LV and capacitance
CV are produced so that the impedance of the shunt circuit
can be made essentially zero in the desired region around the
resonant frequency and finite elsewhere. Riad’s resonant vias
have many applications for circuit boards, such as for shunt-
ing spurious signals of a particular frequency.

Riad, does not suggest, however, the use of the structures
disclosed therein in periodic arrays, wherein the periodicity
of'the array combines with the resonant character of the vias
to effect a stop band RF filter for PPW modes. What is not
taught, and which is disclosed here, is the utility of combining
the teachings of Riad for resonant vias with that pertaining to
waffle iron filters. By combining these teachings, certain RF
filter topologies that are particularly adaptable to the problem
of blocking RF noise in PWB’s in particular, and panel cir-
cuits in general, can be developed in accordance with the
systems and methods described below. There are currently
known in the art three topologies that are adaptable as reso-
nant vias, the simple “T” and external “T” topologies dis-
closed by Riad, and the buried single layer capacitor internal
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4

double “T” disclosed in U.S. Pat. No. 6,542,352 to Devoe et.
al. (Devoe). These three topologies are presented together
with three newly conceived resonant via topologies in FI1G. 4.
All the basic topologies of FIG. 4 can be conveniently cat-
egorized as either “T” or “1”, and further categorized accord-
ing to whether they are “internal”, “external”, or “hybrid”
combinations thereof. The term hybrid is used to define con-
figurations that include both internal and external capacitive
pads or patches. The topologies can be additionally catego-
rized as to whether they are mechanically “balanced” or
“unbalanced”, as will be elucidated below.

In addition to the specific new topologies advanced in FI1G.
4, a method is presented below for deriving a comprehensive
collection of filter topologies using the topologies included in
FIG. 4. Specifically, a comprehensive set of resonant element
topologies can be derived by starting with a generalized array
of periodically loaded conductors aligned perpendicular to
the PPW. This electromagnetic model has been applied, for
example, by Sergei Tretyakov for analyzing man-made
metamaterials. Tretyakov’s loaded wire media model pro-
vides a very general and powerful tool for generating a wide
assortment of resonant element topologies when combined
with the systems and methods described herein.

FIG. 5 depicts an idealized loaded wire array model as
suggested Tretyakov. It consists of an evenly distributed array
of parallel wires, each of which consists of a periodic
sequence of inductors and capacitors. In this particular
example, the inductors (wire segments) and the capacitors
(parallel plate segments) are in registry along the Z direction
and are equally space in the X andY dimensions, thus forming
athree-dimensional lattice structure. The utility of this model
in the present context is not readily apparent until it is real-
ized, as taught herein, that a plane of symmetry in X &Y can
be replaced by a conducting surface. By truncating the loaded
wire media with a conducting plane along planes of symme-
try, the electrical properties of the periodic array are
unchanged in the X & Y dimensions. The reason why the
periodic loaded wire media may be truncated with conductors
in this manner is that the planes of symmetry for the infinite
(in the Z direction) wire media are also electric walls, defined
to be locations where the tangential electric field goes to zero.
As will be presently demonstrated, this procedure provides a
powerful method for deriving a great many different, but
electrically equivalent, topologies.

FIG. 6a depicts a segment of the Tretyakov loaded wire
media model that includes four periods of three wires of the
loaded wire array of FIG. 5. Locations A and C, and B and D
are at the planes of symmetry of the capacitors and inductors,
respectively. FIG. 65 shows the corresponding structures
obtained by truncating the periodic loaded wires with con-
ducting metal surfaces between various planes of symmetry.
It is important to note that all of the structures denoted in FIG.
65 are electrically equivalent as stop band filters and have
exactly the same electromagnetic wave propagation charac-
teristics in the X & Y dimensions as the original infinite
three-dimensional structure.

This same essential methodology can be extended then to
include periodic loaded wires where the loads are staggered
along the Z direction as is presented in FIG. 7a. Shown in
FIG. 76 is an exemplary embodiment obtained by truncating
along the corresponding planes of symmetry E and G in FIG.
7a. This method for generating equivalent topologies can be
extended even further by recognizing that the capacitor plates
can be located external to the conducting planes. Examples of
external variant topologies are shown in FIG. 7¢. As can be
appreciated, due to the longer via length, the PTH wire diam-
eter must be increased in the external variant to maintain the












