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Attorney Docket No. 82744
ELECTROMAGNETIC RADIATION INTERFACE SYSTEM AND METHOD

STATEMENT OF GOVERNMENT INTEREST
The invention described herein may be manufactured and used
by or for the Government of the United States of America for

governmental purposes without the payment of any royalties

thereon or therefore.

CROSS-REFERENCE TO RELATED APPLICATIONS
This patent application is related to co-pending U.S. Patent
Application entitled MULTI-PURPOSE ELECTROMAGNETIC RADIATION
INTERFACE SYSTEM AND METHOD (Navy: Case Ne.b82831) having the same

filing date, which is hereby incorporated by reference in its

entirety.

BACKGROUND OF THE INVENTION
(1)‘Fie1d of the Invention
The present iﬁvention‘relates generally to systems for
controlling electromagnetic radiation, and more partieularly to
an electromagnetic wave interface that may be utilizea to capture
electromagnetic radiation such as radio waves and transform the

radiation by some desired means such as by absorbing the
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radiation completely for stealth purposes, reflecting the
radiation with desired characteristics that alter the radiation

in a desired manner, by transforming the radiation into digital

data without analog receivers, and/or otherwise processing the

radiation.
(2) Description of the Prior Art

Traditional antenna theory requires that as the capture area
of an antenna becomes smaller, the Q increases, and the bandwidth
narrows . ‘Thus, according to traditional antenna theory it is
impossibie to provide a wide bandwidth antenna with a small
capture area. Moreover, prior art broadband receiving systems
are performance limited by the inability to realize sufficient
spurious-free dynamic range (SFDR) in the analog portions of the
receiving systems. Prior art broadbend feceiving systems may
often be limited to about 60 db SFDR.

Prior art antennas are also limited.es to the type’of
functions that arevavailable. Generally, prior art antennas are
dedicated to perform a certaih function and are not suitable for
other specific functions. For instance, a prior art antenna
design may be utilizea as a transcei?er. However, a prior
antenna design will not be useable for transceiver operation?
and/or stealth operation as being electrically “black,” and/or
altering radio wave electromagnetic radiation Doppler effects to

produce a desired reflection which may indicate a body traveling



at a different speed than it is, and/or for producing a radio
reflectién signature that may be different from the actual body
producing the reflection.

The following U.S. Patents describe various prior art
systems that act in some way on electromagnetic radiation. Many
of the disclosed structures afe not broadband structures and
several are limited to certain frequencies, such as sunlight, or
other very specific functions not related to radio waveband

electromagnetic radiation.
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U.S. Patent No. 3,836,967, issued September 17, 1974, to R.
W. Wright, discloses a structure for impeding the reflection of a
beam of electromagnetic waves from the surface of an object and

more particularly to a flexible, thin-wall structure which is

suitable as a broadband absorber of microwave energy.

U.S. Patent No. 4,582,111, issued April 15, 1986, to R. D.

Kuehn, discloses a substantially radiation absorbing layer of

metal having a microstructured surface characterized by a

plurality -of randomly positioned discrete protuberances of

varying heights and shapes, which protuberances have a height of

not less than 20 nanometers nor more than 1500 nm, and the bases

of which contact the bases of substantially all adjacent

protuberances. The metal layer, which may be a coating on a

variety of substrates,

is useful as a radiation absorber
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(partiéularly solar). A method is disclosed for prbducing such
layers.

U.S. Patent No. 4,672,648, issued June 9, 1987, to Mattson
et al., disclosés»an off-focal radiation collimator which
includes a plurality of rédiation absorbing elements supported. in
spaced:relationship wifh reépect to one another in a housing such
that each element is aligned along radii extendingvfrom the focal
spot of a radiation source. The off-focal dollimator is
preferably disposed between the radiation source and a prima:y
beam collimator. The éff—focal collimator also acts as a
radiation beam compensatof. By varying the spatial density of
the radiation absorbing élements by a funétion>of location within
the housing, the radiation beam can be shaped to any desiredT
profile. |

U.S. Patent No. 4,942,402, issued July 17, 1990, to Prewer

et al., discloses an absorber for radiation of frequency of the

~order of 1 THz is formed of a body of cured silicone-based

elastomer containing an inert, powdered siliceous filler. Both

the elastomer and the filler are electrically insulating and the

surface of the absorber that is exposed to the radiation is

'preferabiy profiled to enhance absorption of the radiation. The

profiling preferably takes the form of an array of sharp-pointed
pyramids having rectangular or triangular bases. A method of

molding such absorbers is also disclosed.
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U.S. Patent No. 5,565,822, issued October 15, 1996, to
Gassmann et al., discloses a TEM waveguide arrangement Euch as
are used in testing the electromagnetic compatibility of
electronic devices in electrémagnetic fields wherein a plate-
shaped inner conductor is connected via electrically parallel-
connected tubular resistors to an.electrically conductive,
spherical rear wall. This rear wall is electrically connected to
an outer conductér and groundéd. Radio-frequency absorbers are
mounted dn the rear wall for the»purpoée of absofbing TEM waves,
the RF short-point absorbers adjacent to the tubular resisfor
being smaller thén the remaining RF long-point absorbers, in
order to reduce the capacitive influence of the tubular
resistors. Identical tubular resistors are arranged perpendicular
to the plane of the drawing of FIG. 1 in accordance with a
current.density distribution in such a way that they are more
closely adjacent at the edge than in the middle of the inner
conductor. |

U.S. Patent No. 5,710,564, issued January 20, 1998, to Nimtz
et al., discloses an electromagnetic wave measurement chamber

wherein the sidewalls and the ceiling of the chamber are lined

with contiguous pyramids. The pyramid vertices point into the

chamber. The structure element has a frame formed by bars made of
an electrically insulating glass fiber material and an outer

skin. The outer skin is cut out of a surface resistance material
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web. The surface resistance material web is produced by
continuously or almost continuously coating a mechanically
flexible support‘web with an electroconductive layer made of a
metallic material.

U.S. Patent No. 6,295,032 Bl, issued September 25, 2001, to
A. S. Podgorski, discloses electromagnetic radiating structures
suitable for use as‘antennas or in electrdmagnetic fieid test
facilities. An electromagnetic field test facility is a test
enclosure used for observing the behavior of equipment in the
presence of strong electromagnetic fields and for detecting
radiation from the equipment. A broadband Gigahertz field
electromagnetic test facility is also disclosed in which an array
of horn antennas is used to illuminate a relatively large test
area at high power densities, or to measure radiation from tested
equipment in a frequency range extending from DC to hundreds of
Gigahertz.

U.S. Patent Application Publication No.v2001/0003444 A1l,
published June 14, 2001, to Mangenot et al., discloses a
radiating‘sourCe for transmitting and receiving, intendéd to be
installed on board a satellite to define a radiation pattern in a
terrestrial zone. The source is intended to be disposed in or
near the focal plane of a‘reﬁlector associated with other sources
corresponding to other terreStfial zones. The source includes a

plurality of radiating apertures, each of which has an efficiency
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at least equal to 70%, and feed means for feeding said radiating
apertures. The radiating apertures and their feed means are such
that ﬁhe energy radiated by ail of the radiating apertures is
practically limited tq the corresponding refiector, at least for
transmission. |

U.S. Patent Application Publication No. 2001/0033377 Al,
published October 25, 2001; to Welch et al., discloses systems
for, and methods of.controlling radial energy density profiles
in, and/or cross-section diménsioning of electromagnetic beams in
polarimeters, ellipsometers, reflectometers and
spectrophotometers;

U.S. Patent Application Publication No. 2001/033207 Al,
published October 25, 2001, to Anderson et él., discloses phése
shifting plasma electromagnetic waveguides and plasma
electromagnetid:coaxial waveguides, as well .as plaéma waveguide
horn antennas, each of which can be recoﬁfigurabie, durable,
stealth, and flexible are disclosed. Optionally, an energy
modifying medium to feconfigure the waveguide such that
electromagnetic waves of various wavelengths or speeds can be
propagated directionally along the path can be used. Similarly,
these waveguideé may be modified into coaxial configurations.

U.S. Patent No. 6,300,918 B1, issﬁed October 9, 2001, to
Riddle et al., discloses a phased array antenna that includes a

plurality of multiple spiral arm antenna elements. The antenna
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elements are hexagonal in shape and are aligned in a triangular
lattice geémetry, where the elements are arranged in rings around
a commonicenter element. The elements include at least two arms
which terminate at opposite sides of the element. The ends of the

arms of diagonally adjacent elements are positioned proximate to

each other to provide inter-element coupling to increase the

bandwidth of the antenna. The tight coupling of the antenna

~elements also reduces the RCS of the antenna.

U.S. Patent No. 6,215,448 Bl, issued April 10, 2Q01, to
DaSilva et al., discloses a selected'length of antenna for a
device under test which is placed within a condﬁctive inner
cylinder, forming an unterminated "input" coaxial transmission
line. The inner cylinder is in turn within and coaxial with a
conductive outer cylinder, forming an "output" transmission line.
The inner cylinder is the center conductor of the output
transmission line, and in a region extending beyond the extent of
the antenna therein, coﬁically tapers to being a normal center
conductor of solid cross section. The outer cylinder matches this
taper to maintain a constant characteristic impedance Z, say, 50
ohms, for the outputytransmission line, which then delivers its
output signal to a matched terminating load in measurement
eQuipment via either a coaxial connector or an interconnecting
1ength of auxiliary transmission line. These triaxially nested

input and output transmission lines are supported at a driven end
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by an RF tight box that contains a mounting fixture to support
the device under test in a fiked and appropriate relation to the
triaxially nested input and output transmission lines, and that
is lined with anechoic RF absorbing material.

- u.s. Patent.No. 6,021,241,.issued February 1, 2000, to
Bilbro et al., discloses an array of optical fiber bundles
includes one or more diffractive elements‘positioned above gaps
between adjacent bundles. Incident radiation produces
mathematicallyvdeterminative diffraction patterns on the
respective input faces of the adjacent bundles. Radiation
intensity values for areas between and along the abutting edges
of adjacent optical fiber bundles can be determined using the
diffraction patterns. Thesevintensity values can be assigned to
other pixels so that precise, seaﬁless images can bé
reconstructed.

U.S. Patent No. 6,285,495 Bl, issued September 4, 2001, to
Baranov et al., discloses an optical element cbmprisiﬁg a
plurality of trénsparent layers comprising one or more passive
layers and one or more active layers wherein said passive layers
fécilitaté the transmission of electromagnetic radiation in a
substantially unaltered form and the at least one active layers
include an active material dispersed through the active layer and
having the capécity to intercept electromagnetic fadiation of at

least one predetermined wavelength or range of wavelengths and

10
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redirect at least a portion of energy of the infercepted
radiation into the interior of the optical elemént, said layers
being in face toAface relationship and beihg,optically cdupled to
each other{. |

U.S. Patent No. 6,329,955 Bl, issued Decembar 11, 2001, to
McLean et al., discloses a broadband antenna incorporating both
electric and magnetic dipole radiators includes a tapered feed,
such as a bow-tie feed, having a central feed point and first and
second outer regions displaced from the central feed'point. One
or more conducting loop alements are connected between the outer
regions of the tapered feed. Top loading capacitive elements
exténding from each of the outer regions may also be provided.

U.S. Patent No. 6,297,774 Bl, issued October 2, 2001, to H.

H. Chung, discloses a high performance phased array antenna

system for receiving satellite communication signals, with a

structural top layer formed as a perforated plate (br solid plate
made of very low loss plastic material), a middle layer
functioning as the single layer antenna aperture layer,
preferably in the form of a single layer printed circuit board on
which is formed an array of antenna elements and plurality of
stripline feed network circuits, aach combining in-phase outputs
from several adjacent antenna elements, the bottdm layer
functioning as the ground plane for the_antenna aperture layer

and also including a single level waveguide combining network for

11
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combining in-phase outputs from stripline feed network circuits
electromagnetically coupled to respective transition probe holes

of the waveguide combining network. Each antenna element is

preferably a dual polarization octagonal patch antenna element

disposed on a common surface of the antenna aperture layer. Each

" feed network circuit is preferably in a form of an air-stripline

feed network separated by a 1ayer of air dielectric from the
ground plane and preferably is onlthe same surface of the antenna
aperture layer as the antenna elements. The single level
waveguide combining network is preferably an integral structure
including dual orthogonal polarization waveguide sections and -
dpal orthogonal polarization ports. The dual orthogonal
polarization waveguide sections lay iﬁ the same plane and
preferably are asymmetrically disposed on either side of a common
wall, with each containing a branched cavity symmetrically
disposed about a respective centerline.

U.S. Patent No. 6,292,140 B1, issued September 18; 2001, to
D. P. Osterman, discloses a novel antenna which is useful in ﬁhe
manufactﬁre.of a_bolomeﬁer integrated oﬁ a silicon chip. An
opening in the silicon chip is spanned by two separate thermally,
isolated structures. A thin-film antenna, comprising two parts,
is located on the structures, with one antenna part oﬁ each
structure. Radiation received in the larger of the two antenna

parts is coupled electromagnetically into the smaller part, where

12
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it causes a current to flow. The current is dissipated as heat. A
thin-film thermometer measures the temperature rise of the
smaller antenna part, due to the dissipated heat. The bolometer
achieves improved performance in comparisoﬁ to previous bolometer
designs because the radiation is dissipated in a part of the
antenna only, and the bolometer is free frdm impedance-matching
constraints of other designs. |
U.S. Patent No. 5,926,147, issued July 20, 1999, Sehm et

al., discloses an antenna design thaf includes a plurality of
radiating_elements which radiate electro-magnetic energy, and
feeders which feed the electromagnetic energy to the radiating
elements. The feeders have a supply network substantially at.the
same level in the antenna thickness direction. In order to
achieve a small antenna with adequate.properties for radio link
usage, the radiating eleﬁents are srranged next to the supply
network in the thickness direction and include box horn antennas
which have a step, characteristic of a box horn, in the plane of
the magnetic field. |

- U.S. Patent No. 5,539,421, issued4July 23, 1996, to'S. Hong,
discloses a planar antenna, for use in‘satellite communication
that is intended to provide higher aperture efficiency, improved
circular polarization and increased production tolerability. The
antenna comprises a waveguide and an array of MxN helical antenna

elements, wherein M and N are integers. The waveguide includes a

13
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primary feeder waveguide and a set of M secondary feeding
waveguides, wherein each of the M secondary feeding waveguides is
provided with N helical antenna elements, each of the secondery
feeding waveguides is coupled to the primary feeder waveguide
through an aperture so that received signals from N helicel
antenna elementslin‘each of the second feeding waveguides are
combined at the primary feeder waveguide.

Prior art systems do not provide a broadband antenna withxa
small capture area. Moreover, the prior art typically does not
provide a basic structure that can perform'a variety'of widely
divergent functions to radio wave electromagnetic radiation such
as, for instance, communication. and radar. Thus, it would be
desirable to provide a structure that’ permits complete absorption
of electromagnetic radiation such as radar so as to eliminate
reflections for stealth purposes and/or which may otherwise be
utilized to more completely absorb radiation to act as an
receiving antenna, and/or may be utilized as a broadcasting‘
antenna, and/or as a modulating gsystem to provide the receiving
radar with inaccurate appearance of the return signal related te
speed and shape, and/or other purposes as discussed in more
detail hereinafter. Consequently, those skilled in the art will
appreciate the present invention that addresses the above and

other problems.
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SUMMARY OF THE INVENTION

It is a general purpose and object of the present invention
to provide’an improved air interface device for functioning with
electromagnetic radiation.

Another object is to provide an air interface system that
may have a wide bandwidth which is comprised of a plurality of
elements, each cf which exhibits a small capture area.

Another object is torprovide a system that may have. improved
stealth characteristics.

Another object is to provide a system that may have an

improved spurious-free dynamic range (SFDR).

These and other objects, features, and advantages of the
present invention will become apparent from the drawings, the
descriptions given herein, and the appended claims. However, it
will be understood that above listed objectsrand advantages of

the invention are intended only as an aid in understanding

aspects of the invention, are not intended to limit the invention

in any way, and do not form a comprehensive list of objects,
features, and advantages.

Accordingly, the present invention provides an
electromagnetic wave interface system which may comprise one or
more elements such as, for instance, an array of antennas forming

a surface of the electromagnetic wave interface system wherein
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each antenna may be comprised of conductive material and wherein
at least a portion of each antenna may preferably be conical. - In
one presently preferred embodiment; each antenna may comprise a
distal end and a proximal end with the distal end comprising a

distal end diameter at least five times smaller than the proximal

end diameter.

Other components may comprise a plurality of termination
sections. A respective one of the termination sections may be
electrically connected to the proximal end for each of the array
of antennas. |

The system may further comprise a ground plane comprised of
conductive material such that the proximal end of each of the
array of antennas may be supperted by the ground plane. The
ground plane may define a plurality of ground plane holes
therethrough. 1In one embodiment, respective ones of a plurality
of electrical conductors extend through each ground plane hole
for eleetrically connecting the termination section to each of
the antennas. Each ground plane hole and each ef the plurality of
electrical conductors extendiﬁg through the ground plane hole may
preferably be in spaced annular relationship to another so as to
define therebetween an annulus which is filled with dielectric
material.

In one preferred embodiment, the system may further comprise
a conductive region at the surface of each of the ground plane

holes. Each the electrical conductors may be centrally disposed
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in the ground plane hole such that the conductive region and the
electrically conductor'and the dielectric material comprise a
coaxial transmission line. | |

‘The system may further comprise a plurality of transmission
lines for electrically connecting the array of antennas to the
plurality of termination sections. 1In yet another embodiment, at
least a portion of the plurality of termination sections
comprises an integrated circuit.

In one embodiment, the termination sections may comprise one
or more resistance elements with a magnitude selected for
absorbing substantially all électromagnetic wave energy received
by éach respective antenna of the array of antennas. 1In another
embodiment, each of the plurality of termination sections
comprise an anélog to digital converter for selectively
converting electromagnetic wave energy received by each
respective antenna of Ehe array of antennas.

In one embodiment, éach antenna projects from a reference
surface, the array of antennas may be uniformly distributed over
the reference surface. The reference surface may be a flat
plane. Each antenna of the array of antennas may be
equidistantly spaced in two perpendicular directions along the
flat plane with respect to one another.

"In yet énother embodiment, the plurality of termination
sections are progfammable whereby the surface of the
electromagnetic wave.interface gsystem is an active surface

capable of creating a variable deceptive electrical appearance to
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impinging electromagnetic waves produced by a radar system. In
this embodimént,'the plﬁrality of terminations sections may be
programmed to produce variations in the active surface ranging
from an electrically blaék appearance to the radar system whereby
the impinging electromagnetic waves are absorbed, to reflecting
the impinging electromagnetic waves with at least one of an
altered phase or magnitude or frequency.

In another embodiment each of the plurality of termination
sections further comprise an analog to digital converter for
selectively converting electromagnetic wave energy received by

each respective antenna of the array of antennas to a digital

format.

'BRIEF DESCRIPTION OF THE DRAWINGS
A mofe complete understanding of the invention and many of
the attendant advantages thereto will be readily appreciated és
the same becomes better understood by reference to the following
detailed description'when considered in conjunction with the
éccompanying drawings, wherein like reference numerals refer to
like parts and wherein:

FIG. 1 is a cross-section taken along arrows I-I of FIG. 2,

of an individual interface sensor in accord with one embodiment

. of the present invention;
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FIG. 2 is a top plan view showing a plurality of sensors of
the type shown in FIG. 1 in accord with an embodiment of the
invention; |

FIG. 3 is a top plan view showing an array of sensors of the
type shown in FIG. 1 and FIG. 2;

FIG. 4 is a side elevational view, partially in phantom
line, showing an array with sensors similar to the sensor of FIG.
1 with normalized relative dimensions of one embodiment of the
senéor(s) wherein cnaxial transmission lines formed in the ground
piate may further selectively connect to switching elements for
multifunctional operation of the array in accord with one
possible embodiment of the invention;

FIG. 4A is a side elevation of a pair of édjacent sensors
like the one in FIG. 4, which insoﬁar as the invention is
presently understood, is illustrative of relative proportions ofi
a sensor configuration for operational use;

FIG. 4B is a pefsnective view, which insofar as the
invention is presently understood, is illustrative of the
hairbrush type construction of a sensor in accord with dne
possible embodiment of the invention;

FIG. 5 is a top plan view schematically showing an array of
interface sensors and terninations which may be monolithically

implemented in accord with another embodiment of the invention;
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FIG. 6 is a side elevational view of the array shown in FIG.

5 in accord with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention provides an electromagnetic radiation

interface whose basic construction may be utilized to perform

widely divergent functions, some of which are discussed

hereinafter. Technically, the present invention is not an
antenna in the traditional sense. An antenna in the traditional
sense implies a device with a single port that can be coupled to

a transmitter or a receiver. The present invention provides an

~air or space interface between a wide bandwidth of

electromagnetic radiation and one or more processors. In one
embodiment, different types of processors may be selectable so
that the function of the interface'isAthen also selectable. The
present invention may be utilized as an antenna if all energy
from each of the sensor elements, discussed hereinafter, is
coherently recombinéd in an electronic system coupled to the
elements of the surface.. However, in another embodiment, the
present invention may be utilized as an’elebtrically “black” air
or space interface surface that, with minimal ioss, “guides” all
incident electromagnetic energy to ports.where'the energy could
either be recovered, or dissipated. If all the energy were

recovered, then the surface would behave as an ideal antenna. If
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all energy were dissipated, then the interface surface would be
an ideal coating for an eleqtrically stealthy object.

Alternative terminations may be utilized that cause the surface
to appear to be one object when it is another. Actively
modulating the terminations on the energy ports could cause a
fixed object to appear to be moving, or a moving object to appear
to be moving at a different speed.

Referring now ﬁo FIG. 1, there isvshown one possible
embodiment of a single sensor element 10, shown in a sidé
elevational view that maf be utilized in interface surfaces or
interface systems. Array 100 shown in FIG. 3, is an array of
seﬁsors such as that of FIG. 1, shown looking down from the top
of the array. An enlarged portion of array 106 is shown in FIG.
2. Array 100 may sometimes in this specification 6r in the
appended claims be referred td as an “elgctromagnetic radiation
interface surface” or an “electromagnetic radiation interface
system.” Sensor 10 is comprised ofvbristle 12. In this
example, bristle 12 is generally cdnically shaped to provide an
impedance’match with the dielectric‘medium surroﬁnding bristle 12
which, in this case, is air. However the shape of bristle 12 is
more generally elongate and may vary as desired. One variation is
shown in FIG. 4A. As another example, briétle 12 may be
frustoconically shaped generally as shown in FIG. 4 with a base

23 and an apex 25. Apex 25 which may be pointed, rounded,
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flattened, or otherwise shaped as suitable depending on frequency

- of operation and the like. Depending on the permittivity of air

or other medium, such as space, the shape of bristle 12 may be
varied in order to provide an impedance match therewith. In one

preferred embodiment, apex 25 comprises a distal end diameter 24

~at least five times smaller than said proximal end diameter 22 of

base 23 (See FIG. 4).
Bristle 12 is electrically connected to dielectrically
loaded coaxial transmission line 14 at inner conductor 16. For

practical construction concerns, coaxial transmission line 14 may

‘not be the type of co-axial transmission line which is originally

in the form of a cable. Especially when hundreds or thousands of
sensors, such as sensor 10, are utilized to form an array, as
suggested in FIG. 3, coaxial tranémission line 14.may be more
conveniently formed as an integral part of the construction of
sensor 10. For\instance, ground plane or conductive plate or
ground plane 19 may, in one embodiment, be comprised of a platé
into which holes 28, as indicated in FIG. 1 and FIG. 2, are
formed that are»utilized to define éoaxial transmission line 14
which comprises inner conducﬁor 16, annular dielectric material
20, with an outer conducth which may be cdmprised of the
conductive surface of cylinder or hole 28 in conductive plate 18.

Thus, inner conductor 16 and annular dielectric material 20 are

disposed in the space formed within cylinders or holes 28 of
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ground plane‘or plate 18.. Plate 18 then also serves to
physically support the structure of interfacé surface or array
100 as Well as serve the function of providing an effective
transmission line outer conductor for each sensor 10 having an
outer conductor diameter equal to diameter 29_(See FIG. 2 and
FIG. 4) of hole 28. |

Other embodiments, some of which are discussed hereinafter,
may or may not include a ground plane, or ﬁay or may not include

plate 18, and may or may not include dielectric material 20.

"However, it is presently anticipated that all embodiments will

preferably include an array of bristles 12 mounted by some means

“and some type of termination thereto.

As indicated in FIG. 1, in conjunction with FIG. 2 and FIG.
4, generally cbnic shaéed bristle 12 is an electrically
conductive elemént which has a base diameter 22 (See FIG. 4) of
base 23, an apex diameter 24 of apex 25, and a height 26 (See
FIG. 1). Bristle 12 could, for instance, be comprised of metal.
The conical shape of bristle 12 is chosen to match the impedance
of the bristle 12 to an air medium for broadband frequency use.
To the extent that other mediumé énd other desired frequencies
are utilized, then the shape of bristle 12 may vary.

The term “bristle” is uséd because as the number of sensor
elements in array 100 increases, and if the overall size of array

100 is small, then array 100 may appear somewhat like a hair
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brush with “bristles.” The term "bristle" herein refers to an
individual antenna used to make-up the array 100 of
antennas/bristles 12 described herein. As one possible example,
see FIG. 4B. In the embodiment of Figs. 1 and 4, base diameter
22 (See FIG. 4) ic chosen so that the impedance of bristle 12
seen by coaxial transmission line 14 matches the characteristic
impedance of coaxialvtransmission line 14. In the example of
FIG. 1, each coaxial transmission line 14 comprises inner

conductor 16 and annular dielectric material 20 which is disposed

‘in cylinder or hole 28. Thus, each transmission line 14 may be-

referred to as a “follicle” that extends from and corresponds to
a particular‘bristle 12 in interface surface or array 100.

The characteristic impedance of coaxial transmission line 14,.
will depend on, among other factors, the diameter 29 (See FIG. 2)
of hole 28 for transmission line 14. In this example, diameter
29 of hole 28 is the effective size of an outer conductor of a
coaxial cable formed within conductive ground plate 18. The
characteristic impedance of coaxial transmission line will also
depend on diametexr 30 of inner conductor diameter 16 (See FIG.
4), and the selected‘dielectric material 20‘annularly disposed
around inner conductor 16 within the conductive wall of cylinder

or hole 28.

Referring to FIG. 2, the “signal capture area” of each

~sensor 10 is referred to as a squaré formed by preferably equal
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sensor 10 éo as to be uniformly distributed over the area of the
array. Thus, the éapture area of each individual éensor 10 may in

this example be equal to the total arréy of the array divided by

the number of sensors 10 therein.

In this preferred embodiment, sensors 10 are uniformly
distributed over the areas of the array as indicated in FIG. 3.
Distance 34 is the distance from sensor center to the sensor
center of the adjacent sensors 10. Distance 36 is the distance
between cylinders or holes 28. As noted above, holes 28 may be
formea in conductive plate 18 such that the surface of each
cylinder or hole 28 thereby effectively creates the outer
conductor of each coaxial transmission line 14. Thus, distance 36
may'be restated as the distance from the outer conductor bf a

coaxial transmission line 14 for a particular sensor 10 to the

~outer conductor of the coaxial transmission line 14 for the

adjacent sensors (See FIG. 2 and FIG. 4).

The normalized dimensions for sensor iO are discussed
hereinéfter ﬁo provide the relationship betweén the various
dimensions. Normalized diménsipns are éiven because the
construction of.sensor 10 and/or sensor arréy 100 may be of
different sizes. The different.sized dimensions will affect the

bandwidth of interface surface or array 100.
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However, some dimensionsg will affect only the upper or lower
bandwidth frequency. For instance, seiecting an appropriate
value for element to element spacing 34vwi11 clearly affect each
sensor 10 capture area. Since all other dimensiohs will scale
appropriately, only the upper frequency of operation will be
affected by a change in sensor 10 capture area due to the
corresponding change in frequency characteristics of coaxial
transmission line 14 as the dimensions thereof change.

For convehience, the normalized spacing is given in terms of
the element to element spacing 34.‘ Therefore assuming that
dimension 34 is.l.o units, then in one presently preferred
embodiment, dimension.24 of apex 25 may be 0.002 units, dimension
22 of base 23 may be 0.43 units, dimension 36 which is the
distance between cylinders or holes 28 is 0.10 units, dimension
or diameter 30 of inner conductor 16 (see FIG. 4) is 0.28 units,
and dimension 29 which is the diameéer of cylinder or hole 28 is
0.90 units.

Dimension 36 is the distance between adjacent annular holes

or cylinders 28 in ground plane or conductive plate 18 that forms

the effective outer conductors of transmission lines 14 as

discussed above. Dimension 36 between holes 28 provides the
approximate thickness of the effective outer conductor for a
coaxial cable formed by making holes in ground plate 18. 1In one

preferred embodiment of the invention, dimension 36 is greater
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than_zero to thereby utilize plate 18 for mechanical‘stability of
array 100 and to provide that the effective outer conductor of
the coaxial transmission lines 14 have at least some metallic
thickness complefely surrounding dielectric material 20.

However, as discussed earlier, ground plane or plate 18 may
not be utilized in all embodiments of the invention.: Thus,
dimension 32 may be made close to or equal to dimensioﬁ 29 of
hole or cylinder 28 in plate 18, or>1.0 units. In another
embodiment, the dimension 36 may become Very small so that the
effective thickness of the outer sheath is small bﬁt still may be
utilized as an‘outer conductor for a coaxial cable as discussed -
above.

It will be undérstoéd that the “units” referréd to herein
are intentionally undefined and.may vary depending on the desired
construction, bandwidth desired and so forth.- The length 26 of
bristle 12 is left open and will depend on the particular
construction with the best iengths presently left to empirical

determination. In one embodiment, a ratio of length 26 to

sensor-to-sensor of 12:1 is presently believed to proviée an

effective embodiment for construction of an array insofar as the

invention is presently understood (See FIG. 4A.). The longer the
length 26 compared to the wavelength of operations, the better.
Actual operational embodiment of sensors 10 may be formed with a

uniform diameter pedestal portion 37, as shown in FIG. 4A,
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extending between ground plane 18 and base 23 of the conical
sensor section. In this embodiment, the length of pedestal
portion 37 is non-critical. In this example, dielectric material
20, which may or may not include an outer conductive sheath,
extends upwardly somewhat from ground plane 18.

In any practical embodiment, interface surface.or array 100
of sensor elements 10 will have a finite physical extent and the
spacing of each sensor 10 from the neighbors thereof will have
some practical ﬁinimum value. The lower frequency‘boundvaﬁ
which the iﬁterface éurface or array 100 will exhibit good
absorption will be determined by the finite physical extent of
the array and may; depending on construction, be related to the
wavelength or haif wavelength of the lowest frequency to be
captured. The upper frequency bound will depend on the spacing
between individual sensor elements 10 énd/or the upper freqﬁency
limits of coaxial transmission line 14.

For an example, which may vary considerably depending on
construction, a one square meter array may have a bandwidth with
a lbwer frequency of 300 MHz. If the upper frequency cut off is
determined by coaxial cable having aﬁ upper frequency of 25 GHz,
then it will be appreciated that the bandwidth is very wide.
Moreover, a much smaller array with 0.1 square meter dimensions
might then have a bandwidth with a lower frequency of very

roughly 3GHz with the upper frequency still at 25 GHz assuming
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the coaxial cable dimensions are not made smaller. Based on
these very rough approximations, this would also result in a very
wide bandwidth antenna having a relatively small capture area.
It will be understood that the upper frequency cut off of coaxial
transmission line 14 can be much higher and may be gquite high
depending on the dimensions thereof. If the coaxial transmissioﬂ
line 14 is operated as a TEM transmission line, e.g., a commonly
used mode of operation wherein the electric and magnetic field
vectors afe both normal to the direction of prcpagation, then
there is no lower cutoff frequency produced as a result of
coaxial transmission line 14.

The characteristic impedance of the.TEM mode of propagation
in coaxial transmission line 14 is a real resistance, e.g., 50
Ohms. When a coaxial transmission line with charactefistic
impedance'Zb is terminated by a resistive element such as element
38 with an impedance of Z,, then transmission line 14 is said to
be matched. No electromagnetic eﬁergy is reflected from the
matching termination. 1In other words,kell electromagnetic energy
propagating in transmission line 14 is absorbed by element 38.
Thus, if each TEM transmission line 14 (follicle) in array 100
supportiné a bristle 12 on interface surface or array 100 is
terminated in a resistive element that matches the TEM
transmission line 14 characteristic impedance, then all

electromagnetic energy incident on interface surface or array 100
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will be absorbed by the corresponding resistive elemeht, e.g.,
element 38. In this case, interface surface or array 100 will
appear electrically “black” to an observer who has transmitted an
electromagnefic wave or pulse and is .looking for a return signal.

As noted above, prior art broadband receiving systems are
performance limited by the inability to réalize sufficient
spurious-free dynamic range in the analog portions of the
receiving system. Digital signal processing (DSP) radio systems,
on the other hand, have much greater spurious free dynamic range
(SFDR) because the SFDR increases about 5 dB for each mantissa
bit.- For instance, software defined radio may utilize a radio
receiver and/or a transmitter, where the received signal is
digitized and then processed using software-programmable digital
signal processing techniques. Digitization may occur at the RF,
IF, or base band. Thus, a typical DSP system using 24 bit
arithmetic could exhibit 120 dB SFDR, which is much higher than
prior art broadband systems.

In the disclosed system, each bristle 12 coliects
electromagnetic energy from a small, scaleable, capture area.
The total capture area of interface or array 100 is thé sum'over
all bristles 12. If the signal from each bristle 12 is first
converted to a digital form by a plurality of A/D converters, ahd
all signals are éombined in the digital domain; then there will

be an improvement in SFDR for the combined receiver system.
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Thus, an A/D converter 40 (FIG. 1) may.be utilized with each
bristle 12 and transmission line 14 to sample the electromagnetic
potential relative to a common pléne such as ground plane 18 and
periodically convert the magnitude of the electromagnetic
potential to é digital word. To a firsf approximation, the
improvement is proportional to the ratio of the capture area of a
single bristle 12 to the capture area of all bristles combined in
interface surﬁace or array 100. Thus, if interface surface or
arrayiloo has 1000 bristles, then interface surface or array 100
would have 30 dB more SFDR than an antenna with the same capture
area, other technologies being equal.

Commonly assigned U.S. Patent 6,466,167 entitled “Antenna
Systems and Method for Operating Same” is illustrative of a
system which first converts the signal frém each bristle to a
digital form and then performs processing, including sampling
thereon. It is of particular utility with electromagnetic radial
air—intgrface systems in acCofdance with the present invention,
and is hereby incorpdrated herein by reference in its entirety.

Further, using monolithic technologies, as discussed
subsequently in connection with Fig. 5 and Fig. 6, an interface
system with 1000 bristles may be easier and cheaper to fabricate
and deploy} The digital words describing the electromagnetic
potentials of large numbers of sensors 10 may bg.combihed to

produce a digital replica of the incident electromagnetic energy
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arriving at interface surface or array 100. This digital replica
of the incident electromagnetic energy field may be further

processed to simuitaneously recover a plurality of signals

arriving at interface surface or array 100. One or more

frequencies from one or more directions of arrival may
characterize each signal.

‘A dual syetem may be used to independently excite each
sensor 10 in one or more interface surfaces or arrays 100 such
that the.coordinated excitation potentials launch'an

electromagnetic energy field carrying a plurality of signals

‘wherein each signal may be characterized by one or more

frequencies and one or more directions of propagation.

In another embodiment ef the invention, a means is provided
for‘creating an active surface capable of creating a deceptive
electrical—appearance by means of pregraﬁmable electronie
modﬁles. Referring to FIG. 4, switching.means 42 may or may not
be utilized, as desired, to switch between electronic modules 44,
45; 46, 47, and 48, for each bristie 12. In another embodiment,
a single type of electronic module may be utilized for
terminating transmission line 14 to provide a dedicated function
intefface surface or‘array 100. While a mecﬁanical type switch
is shown in FIG. 4, a more prectical embodiment may utilize
electronic switches, such as FET switches, which may be easily

implemented in monolithic integrated circuit construction.
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Alternately the modules may comprise means for varying impedances
including variable reactances or variable resistances. Note that
resistance module 48 may be connected across centér conductors 16
of each adjacent transmission line 14jrather than between center
conductor 16 and ground plane 18 as discussed earlier. 1In this
case, 2Z, rather than Z, results in impedance matching for each
transmission line 14. However, the impedance as seen by the
transmission line is still Z, and therefore the connection across
two transmission lines 14 is eduivalent to‘¢onnecting each
impedance between transmission line center conductor 16vand
ground plane 18 as shown in FIG. 1. Thus, with switch 42
connected to module 48, all incident electromagnetic energy will
be absorbed by resistive elemenfs of module 48 and interface
surface or array 100 will appear electrically “black” as
discussed hereinbefore. Note that another module, such as module
47, could comprise a resistance with'a negative magnitude whereby
the reflected signal will be aﬁplified by a factor relating to
the real magniﬁude. In other words a reflection coefficient has
both.a real and an imaginary part. The real part may be used to
control the amplitude of the reflected wave. ’If the real part is
positive, then a reflected signal will be attenuated by a factoé
reléted to the real magnitude. If the real part is negative, as
discussed above, then the reflected signal will be amplified by a

factor related to the real magnitude.
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»If the energy portsbat the end of each transmission line 14
are terminatéd by a means that reflects energy, e.g., a reactive
termination which might comprise termination module 46; then thé
surface will appeér as a reflecting surface to incident

electromagnetic radiation. Variations in the reactance magnitude

"and sign will determine the phase of the reflected signal. If

switch 42 switches between characteristic impeaance of 48 and
reflecti#e termination module 46, then interface surface or array
100 can appear to change electrical characteristics completely
with respect to an observer who has launched an electromagnetic
wave. Thus, if wvariable controls such as switch 42 or if, for
instance; module 45 comprises other variable means for the real
and imaginary aspects of the réactance, then the reflected signal
will aléovbe correspondingly varied. 1If the end of each
transmission line 14 is terminaﬁed by means that is altered in
phase and/or amplitude, then the reflected wave could appeér to
an observer to be caused by a different object. If the energy is
modulated, such as by a biphase modulatbr, or any other suitable
time-varying phase modulator in module 44, then the modulation
can be made to appear on the reflected wave. If the observer is
measuring Doppler effects (the difference in frequency between
incident and reflected signals) to thereby detefmine the speed of
interface surface or érray 100, then the so modulated wave could

cause a fixed-location surface to appear to be moving at a rate

34



10
11
12
13
14
15
i6
17
18
19
20
21
22

23

24

of speed determined by the modulation frequency and/or a moving
surface to appear to be moving.at a faster or slower speed. If
frequency selective filters are added to the ends of transmission
lines 14, then the reflected energy would have a ﬁailored
frequency dependent appearance. ‘In another embodiment, some
transmission lines 14 could be terminated in one way, and others
terminated in enother way to produce a return signature that

deceives the observer. In another embodiment, each termination

‘module may comprise a transmitter such that an electromagnetic

wave is produced by a combination of the transmitters
transmitting through the array of bristles 12. The transmitters
may be either analog or digital transmitters. Thus; the
disclosed novel interface surface er array 100 may offer a wide
variety of functions acting on electromagnetic waves that may be
deployed dynamically by means ef proéramﬁable and/or switchable
electronic eircuits,.such as circuits 44, 45, 46, 47, 48, and/or
other circuits, that terminate transmissibn lines 14.

FIG. 5 and FIG. 6 show interface surface or array 100 which
may be implemented monolithically. Each bristle 12 is terminated
in a module 50. Module 50 is an integrated circuit that may or
may not include FET switches to switch between various
termination packages, such as any of the.termination packages
described above. For instance as discussed above, termination

packages may be designed for absorbing electromagnetic energy
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compietely for stealth (tefmination of transmission lines at
their characteristic impedance, recovering all energy as a
perfect antenna (digital receivers cbnnected to all transmission
lines), reflecting energy with tailored frequency dependent
appearance (frequency selective filters connected to all or
selected transmission'lineé), reflecting modulated energy
(biphase modulators connected to all transmission lines), and/or
sending signals (transmitters connected to each transmission
line). Various other means may be provided for interconnecting
the modules, e.g., resistance modules are connected across and
between sensors of each adjacent set of sensors and/or bétween
each sensor and the surrounding cohductor.

FIG. 6 shows a side view.i Each package 50 may be

implemented within a larger integrated circuit substrate or layer

52. ~Different means for connecting bristles 12 to packages 50

may be utilized.  For instance, each bristle 12 may plug into a
métallic socket 54 that is etched from an upper metallic layer as
part 6f the integrated circuit package. Depending on the
frequencies involved, layer 56 may or may not be a'ground plane
with cylinders 58 filled with dielectrié material. For instance,
layer 56 may simply be a layer of dielectric material with
bristles 12 also compriSing.the inner conductor of the
transmission line. As another alternative, depending on the

frequencies, wherein the diameter of the transmission line will
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decrease in order to accommodate higher frequencies, array 100
méy not include either the ground.plane or dielectric material
but instead rely on the shape and size of bristle 12 to provide
all impedance matching with respect to the medium and packages
50. Moreover, the impedances préduced in_packages 50 may be
varied and/or variable to provide impedance matching.with respect
to bristle 12.

Interface means or processors 60 may be utilized to
communicate with packages 50 to coordinate data flow and control
the activities théreof through control/data lines 62 and 64.
Thus, it will be appreciated that the concepts discussed in
connection with interface surface or arrayvloo, whereby the
surface can act in many different modes depending on the
termination packages, can be implemented in different ways with
some preséhtly preferred embodiments being disclosed herein.

While the invention has been described in relation to
employing the hereinabove disclosed pfincipies of operation to a

square polygon form of tesselation of an array, it is to be

. understood that they may be applied to other forms of tesselation
as well. PFurther, while described relative to sensor 10

- projecting normal to a flat supporting surface, the principles

may be also applied to sensor projecting from other shaped
surfaces such as a cylindrical, spherical, conical, elliptical,

hemispherical, or any other desired shape. While one preferred
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embodiment utilizes coaxial transmigsion line 14 for connecting
each briétle 12 to a désired termination, other types of
transmission lines including strip lines, micro strips, or other
suitable means for transmitting energy at radio wave frequencies
may be utilized.

Many additional changes iﬁ the details, materials, steps and
arrangement of parts, herein described and illustrated to explain
the nature of the invention, may be made by those skilled in the
art within the.principle and scope of the invention. It is
therefore understood that within’the-scope of the appended
claimé, the invention may be practiced otherwise than as

specifically described.
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Attorney Docket No. 82744
ELECTROMAGNETIC RADIATION INTERFACE SYSTEM AND METHOD

ABSTRACT OF,THE DISCLOSURE

An electromagnetic radiatidn interface is provided that is
suitable for use with radio wave frequencies. A surface is
provided with a plurality of metallic conical bristles. A
corresponding plurality of termination sections are provided so -
that each bristle is terminated with a terminatibn section. The
termination section may comprise an electrical resistance for
capturing substantially all the eleCtromagnetic wave energy
received by each respective bristle to thereby prevent
reflectiong from the surfaée of the interface. Each termination
section may also comprise an analog to digital converter for
converting the energy from each bristle to a digital word. The
bristles may be mounted on a ground plane having a pluraliﬁy of
holes therethrough. A plurality of coaxial transmission lines
may extena through the groﬁﬁd plane for interconnecting the

plurality of bristles to the plurality of termination sections.

44






c DI+

81

<)

\/ )
8 @

S——

\V/




clolelclelolclelelclelel

]
KN@@@@@@@@@@@@
clolelelolololelolelele
pelelerelelelelofelelofo
gloJolololololelelololole
polololelolelolololelole
polololelelololelelelelo
oYololelelolololelclele
hojolojolelolelololelele
PPEEEEEEE®E®®®
oJololololelelelelolole

FIG. 3



FIG. 4




12

37

/

A

/ |

=
IR X
S -

1] 1 \ 11
1 [l U
I H el \h\

I
[
C1G, 4p S




FIG. 4B




S 'OId

| | | —
| _ _ 09 #//I:mw |
II|..I...I\- \o . ° s I— -
py _ | _ _ _ i
0G | .om\_ 0G _ | | MO
.l|.||.l|\' \ . . s - — —
LS T -
| N | | |
II.|.|I\ | . | ] . e = —
o T - | | |
| | _ _ _
_ _ | _ _ 1/
| | | | 097







