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PROTECTIVE DOME FOR A DUAL MODE ELECTROMAGNETIC
DETECTION SYSTEM

TECHNOLOGICAL FIELD

This invention relates generally to a dual mode electromagnetic detection system
for receiving infra red (IR) radiation and radio frequency (RF) radiation simultaneously,
and in particular to a domc that houscs and protects a radiation antenna portion of the

clectromagnetic detection system.

BACKGROUND ART

Infra red (IR) seekers and radio frequency (RF) radars are well-known in the art
to determine the position and velocity of distant objects.

For example, passive IR seckers can employ a forward looking infrared (FLIR)
camera or other thermal imaging camera for detection of infrared radiation, typically
cmitted from ahcatsource, to creatc images of distant objects assembled
for video output. IR seekers can be used to help pilots and drivers steer their vehicles at
night, or to detect warm objects against a cooler background. Passive IR seckers offer
accurate tracking capabilities due to their narrow beam width and high resolution of
object details. However, IR seekers have limited operative capability in adverse weather
conditions, when an object is obscured by clouds, fog, precipitation, smoke, dust or the
like.

Active RF radar systems transmit radiation from antcnna toward an object,
which is then reflected back from the object towards the antenna. These systems can be
employed in all weather. However, such RF systems provide limited discrimination
between multiple objects, are limited in angular resolution, and are sensitive to radio
frequency jamming.

It can be seen that the characteristics of IR seekers and RF radars are
complementary. Therefore, dual mode electromagnetic detection systems are known
that combine a passive infra red (IR) secker and an active radio frequency (RF) radar in

one device. These dual systems provide the advantages of both technologies.
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In order to protect a thermal imaging camera of IR seekers and/or an antenna of
RF radars from weather or conceal it from public view protective domes (also known as
"radomes") arc used. A dome is a structural, weatherproof enclosure that is constructed
of material that minimally attenuates the electromagnetic signals transmitted or received
by the detection system.

Generally, a variety of materials have been used for constructing protective
domes. Historically, balsa and plywood were used in carly antenna radome structures.
Modern ground-based and ship-based antenna radomes are manufactured using
composite materials such as fiberglass, quartz, and aramid fibers held together with
polyester, epoxy, and other resins.

When a detection system employs both IR camera and RF radar, there is an
interest in using a single dome for the both devices. In this case, the dome must be
transmissive to a selected portion of the RF spectrum and a selected portion of the IR
spectrum.

Microwave transmission through a material is decreased due absorption and/or
reflection. The microwave reflection and absorption can, for example, be characterized
by frequency-dependent dielectric constant and loss tangent of the material. It is
important that the diclectric constant of the material in the selected portion of the IR and
RF spectra is low. A low dielectric constant material reduces reflections. Reduced
reflections minimize impact to the radiation pattern and inscrtion loss.

U.S. Pat. No. 5,327,149 describes a dual-mode, radio frequency, optical-
wavelength detector apparatus that includes RF-transparent optical elements adapted to
focusing optical energy in a wavelength range including ultraviolet through infrared
wavelengths, on an optical detector, and an RF antenna located behind the optical
elements. The apparatus also includes a protective dome made of zinc sulfide (ZnS),
which has a relatively low loss factor and suitable dielectric constant (i.e., tan 6=0.0024;
g=8.35) for transparcncy to both infrarcd and radio frequency energy.

U.S. Pat. No. 6,307,521 describes a reflector antenna arrangement that can
transmit and receive both infrared (IR) and millimeter wave (RF) radiation. The
arrangement includes a main reflector, a subreflector, an IR feed system, an RF feed
system, a radome, and a bispectral window arranged in an opening provided in a central
arca of the main reflector. The radome has a hemispherical single layer having a

constant wall thickness, and is made of a dielectric material, preferably ZnS.
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U.S. Pat. No. 7,786,418 describes a multimode detector system including an
imaging infrared (IIR) secker and a radio frequency (RF) secker for mounting on a
missile. The IIR secker and the RF seeker may view an outside scene through a dome.
The dome may be transmissive to the selected portion of the RF spectrum and the
sclected portion of the IR spectrum. The dome may function to shicld the components
of the seeker from the outside environment and from the air stream when the missile is
in flight. The dome may be cssentially spherical, or may be conical, flat, or some other
shape. The dome material may be glass, guartz, sapphire, or some other material
selected for a combination of optical and mechanical properties.

U.S. Pat. No. 7,557,769 describes a radome and method making thercof. The
radome comprises an electro-optic transparent substrate, a semiconductor coating on the
substrate, and a frequency selective surface embedded in the coating. The substrate is
one or a combination of glass, silicon, MgF,, ZnS, and spinels, most preferably sapphire
(with a GaN coating). The coating is one or a combination of GaP, GaN, GaAs, 5iC,
and Si.

GENERAL DESCRIPTION

Thus, there is still a need in the art for, and it would be useful to have, a novel
protective dome for a dual mode electromagnetic detection system that would be
characterized by relatively low loss factor and low dielectric constant.

It would also be beneficial if a protective dome would have high strength, high
operating temperature and/or low maintenance costs.

The present invention partially eliminates the deficiencies of the prior art dual
mode electromagnetic detection system, and provides a protective dome for an
electromagnetic detection system. The protective dome comprises a substrate having a
portion transparent to both infrared (IR) radiation and radio frequency (RF) radiation.

According to an embodiment of the present invention, the portion of the
substrate transparcnt to both IR and RF radiation compriscs a macromolecular material
including a polymer selected from a family of polyolefins. Examples of the polyolefin
polymers suitable for the dome include, but are not limited to, ultra high density
polyethylene, high density polyethylene, low density polyethylene and polypropylene.

According to an embodiment of the present invention, the macromolecular

material includes an antistatic additive.
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According to one embodiment of the present invention, the substrate has a
uniform thickness.

According to another embodiment of the present invention, the substrate has a
variable thickness.

According to an embodiment of the present invention, the substrate comprises
another portion that includes stiffening members.

According to an cmbodiment of the present invention, the stiffening members
include a material ransparent at least to radio frequency radiation.

According to one embodiment of the present invention, the stiffening members
include a stiffening grid.

According to another embodiment of the present invention, the stiffening
elements include stiffening ribs.

According to another general aspect of the present invention, there is provided a
dual mode electromagnetic detection system. The system comprises an infrared seeker
having an infrared camera, a radio frequency radar having an antenna arrangement, and
a protective dome housing the infrared camera and the antenna arrangement. The
protective dome includes a substrate having a portion transparent to both infrared
radiation and radio frequency radiation. According to an embodiment, the portion of the
substrate includes a macromolecular material including a polymer selected from a
family of polyolcfins. According to yet an embodiment, the polyolcfin polymer material
includes an antistatic additive.

According to one embodiment, the infrared seeker and said radio frequency
radar are configured to share a common aperture.

According to one embodiment, the infrared secker and said radio frequency
radar are configured to share overlapping apertures.

According to a further general aspect of the present invention, there is provided
a method for fabrication of a dual mode clectromagnetic detection system. The method
comprises providing an infrared secker having an infrared camera, providing a radio
frequency radar having an antenna arrangement, and mounting antenna arrangement
with respect to the infrared camera such that the infrared camera and the antenna
arrangement form overlapping apertures. The method also includes providing a
protective dome that includes a substrate having a portion transparcnt to both infrared

radiation and radio frequency radiation. According to an embodiment of the present
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invention, the protective dome is mounted to house the infrared camera and the antenna
arrangement such that the portion that is transparent to both infrared radiation and radio
frequency radiation is placed against at lcast the aperture of the infrared camera. The
portion of the substrate that is transparent to both infrared radiation and radio frequency
radiation compriscs a macromolecular material including a polymer selected from a
family of polyolefins.

According to an cmbodiment, the polyolcefin macromolecular material includes
an antistatic additive.

The protective dome of the present invention has many of the advantages of the
prior art techniques, while simultancously overcoming some of the disadvantages
normally associated therewith.

The protective dome according to the present invention can have enhanced
performance in the IR and RF frequency ranges.

The protective dome according to the present invention may be easily and
cfficiently manufactured.

The protective dome according to the present invention is of durable and reliable
construction.

The protective dome according to the present invention may have lower overall
operation and maintenance costs.

The protective dome according to the present invention may be mounted flush
with the surface of a mounting platform.

The protective dome according to the present invention may be readily
conformed to complexly shaped surfaces and desired contours to house an IR camera
and an antenna portion of an RF radar.

The protective dome according to the present invention may have a relatively
low manufacturing cost.

There has thus been outlined, rather broadly, the morc important featurcs of the
invention in order that the detailed description thereof that follows hereinafter may be
better understood. Additional details and advantages of the invention will be set forth in
the detailed description, and in part will be appreciated from the description, or may be

learned by practice of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

In order to better understand the subject matter that is disclosed herein and to
cxemplify how it may be carried out in practice, embodiments will now be described,
by way of non-limiting example only, with reference to the accompanying drawings, in
which:

Fig. 1 illustrates a graph of IR transmission in long-wavelength infrared region
versus film thickness for six materials selected from polyolefins;

Fig. 2 illustrates a graph of IR transmission in long-wavelength infrared region
versus film thickness for the same six materials selected from polyolefins with antistatic
additive;

Fig. 3A illustrates a graph of IR transmission in long-wavelength infrared region
versus film thickness for a regular ultra high density polyethylene and for the same
material with an antistatic additive;

Fig. 3B illustrates a graph of IR transmission in long-wavelength infrared region
versus film thickness for a regular low density polycthylene and for the same material
with antistatic additive;

Fig. 4 illustrates a graph of insertion loss versus frequency for five materials
selected from polyolefins; and

Figs, 5-9 illustrate schematic cross-sectional views of a dual mode
clectromagnetic detection system with a protective dome, according to several

embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

The principles of the dual mode electromagnetic detection system with a
protective dome according to the present invention may be better understood with
reference to the drawings and the accompanying description, wherein like reference
numerals have been used throughout to designate identical clements. It is to be
understood that these drawings, which are not necessarily to scale, are given for
illustrative purposes only and are not intended to limit the scope of the invention. For
cxample, the dimensions of some of the clements in the figures may be exaggerated
relative to other elements to help improve understanding of various embodiments. In

addition, the description and drawings do not necessarily require the order illustrated. It
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will be further appreciated that certain actions and/or steps may be described or depicted
in a particular order of occurrence while those skilled in the art will understand that
such specificity with respect to sequence is not actually required.

It should be noted that the blocks as well other elements in these figures are
intended as functional entitics only, such that the functional relationships between the
entities are shown, rather than any physical connections and/or physical relationships.
Thosc verscd in the art should appreciate that many of the examples provided have
suitable alternatives which may be utilized.

It was noted that dielectric materials from a family of polymers produced from a
simple olefin (also called an alkene) as a monomer, have relatively low diclectric
permittivity values and low dielectric losses in the IR and RF frequency ranges. This
polymer family, which is generally referred to as polyolefins, includes polyethylene,
polypropylene, ethylenevinyl acetate, ionomer, polybutylene, polymethylpentene,
polydicyclopentadiene, and also their homopolymers and copolymers.

It is therefore believed that these materials can be both IR and RF transparent
and therefore be suitable for fabrication of a protective dome for an electromagnetic
detection system including both IR secker and RF radar with a common aperture. To
prove this, several materials selected from polyolefins have been examined for IR
transmission and RF transmission.

For example, Fig. 1 illustrates the cxperimental dependence of the IR
transmission in long-wavelength infrared region on the film thickness for six materials
selected from polyolefin family. The materials were obtained from Goodfellow
Cambridge Ltd. The results of the measurements are shown for ultra high density
polyethylene P.N. ET301075 (curve 11); high density polyethylene P.N. ET321010
(curve 12); low density polyethylene P.N. ET311250 (curve 13); low density
polyethylene Condition: additive free polymer P.N. ET311251 (curve 14),
polypropylene (homopolymer) P.N. PP301400 (curve 15), and polypropylenc
(copolymer) P.N. ET301418 (curve 16).

The IR transmission measurements of the IR transmission were carried out by
using a FLIR IR camera operating at 2 wavelength in the range of 8 micrometers to 14
micrometers. The camera was directed to a warm object located within a cooler
background. A distance between the camera and the object was about 2 meters. The

camera measured a thermal energy from a rectangular area of the warm object and a
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thermal energy from a rectangular area of the cooler background for about 10 to 20
second. A sampling was carried out every (.12 sec to collect 83 to 167 samples.

A film of a tested material having a rectangular shape was placed between the
camera and the warm object.

Transmittance was calculated as a ratio between the mean contrast energy
<AEwim> measured with a material placed between the warm object and the cooler
background and the mean contrast energy <AEgimeu > measured without the material.
The averaging was carried out over all the collected samples.

As can be seen from the graph in Fig. 1, the IR transmission for samples of ultra
high density polyethylene (curve 11), low density polyethylene (curve 13), and low
density polyethylene with an additive (curve 14) is better than 50% when the thickness
of the polymer films does not exceed 0.5 mm.

Similar measurements of the IR transmission in long-wavelength infrared region
were carried for the film samples of the same materials sprinkled with an antistatic
spray. In particular, a known 3M Antistatic Electronic Equipment Cleaning Spray
containing water, 2-butoxyethanol and isobutene was used in the experiments.

Fig. 2 illustrates the experimental dependence of the IR transmission in long-
wavelength infrared region on the film thickness for seven materials selected from
polyolefin family. Six materials from these seven materials were obtained from
Goodfellow Cambridge Ltd and treated with an antistatic spray by sprinkling over the film's
surface before the measurements. The results of the measurements for these materials
arc shown for ultra high density polyethylene P.N. ET301075 (curve 21); high density
polyethylene P.N. ET321010 (curve 22); low density polyethylene P.N. ET311250
(curve 23); low density polyethylene, condition: additive free polymer P.N. ET311251
(curve 24), polypropylene (homopolymer) P.N. PP301400 (curve 25), polypropylene
P.N. ET301418 (copolymer) (curve 26). The seventh material was a film of low density
polyethylene (Product Key Item: 7100010) obtained from Motinit Technologics Lid, in
which an antistatic additive was added during the production process (curve 27).

As can be seen from the graph in Fig. 2, adding an antistatic spray enhances
the IR transmission of the polyolefin films.

For example, as can be scen in Fig. 3A, the IR transmission for samples of a
regular ultra high density polyethylene film (curve 11) is increased by about 4% to 13%

for an ultra high density polyethylene film which were sprinkled with an antistatic spray
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(curve 21). Likewise, as can be seen in Fig. 3B, the IR transmission of a regular ultra high
density polyethylene film (curve 13) is increased by about 3% to 8% for an ultra high
density polyethylene film which were sprinkled with an antistatic spray (curve 23).

Referring to Fig. 4, five polyolefin film samples were evaluated for RF
transmission in the range of 1GHz to 18GHz. Fig. 4 shows a graph of insertion loss
versus frequency for the following film samples that were treated with 3M Antistatic
Electronic Equipment Cleaning spray: high density polyethylene having thickness of
0.32 mm (curve 41); low density polyethylene having thickness of 2mm (curve 42); low
density polyethylene (under condition: additive free polymer) having thickness of 2.4
mm (curve 43); low density polyethylene (with an antistatic additive that was added
during the production process) having thickness of 0.8 mm (curve 44), and
polypropylene copolymer having thickness of 2.88 mm (curve 45). As can be seen in
Fig. 4, all the selected samples illustrate great transmission to RF radiation, and the RF
insertion losses do not exceed -0.82 dB in the range of 1 GHz through 18 GHz.

Thus, it is proposed by the inventors to use polymers selected from a family of
polyolefins as materials for manufacturing an electromagnetic detection system
including both IR seeker and RF radar with a common aperture.

In view of the fact that the IR transparency of the material can be enhanced
when an antistatic additive is added to the polyolefin polymers, while RF transparency
of the material with antistatic additive does not deteriorates, it is also proposed by the
inventors to use polyolefin polymers with an antistatic additive as materials for
manufacturing such an electromagnetic detection system.

Referring to Fig. 5, a schematic cross-sectional view of a dual mode
electromagnetic detection system 50 is illustrated, according to one embodiment of the
present invention. The dual mode electromagnetic detection system 50 includes an IR
seeker 51 having an IR camera 510, an RF radar 52 having an antenna arrangement 520,
and a protective dome 53 housing the IR camera 510 and the antenna arrangement 520.

It should be noted that the subject of this invention is not limited to any
particular implementation of the IR camera 510 and the arrangement 520. Hence, in the
embodiment shown in Fig. 5 and also in other embodiments described herein below, the
IR camera 510 can, for example, be a camera operating in the long-wavelength infrared
(LWIR) region. Likewise, the antenna arrangement 520 may be implemented in various

alternatives. Examples of the antenna elements of the antenna arrangement 520 include,
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but are not limited to, patch antenna elements; stacked patch antenna clements,
microstrip antenna clements, dipole antenna elements, horn antenna elements, tapered-
Slot Antenna (TSA) element (also known as Vivaldi) and other antenna elements or a
combination thereof. Consequently, the type, shape and configuration of the antenna
clements may be sclected to be suitable for the technology adopted for the antenna. The
IR camera 510 and the antenna arrangement 520 can, for example, be fixed to a
supporting platform (not shown), or mounted on a gimbal arrangcment (not shown).

As shown in Fig. 5, the IR camera 510 is mounted within the antenna
arrangement 520 in order to provide a common aperture or overlapping apertures for the
IR secker 51 and the RF radar 52, however other configurations are contemplated. In
particular, when desired, the IR camera 510 and the antenna arrangement 520 can be
mounted aside to each other and have different apertures.

According to the embodiment shown in Fig. 5, the protective dome 53 has a
substantially uniform thickness. For example, the thickness can be in the range of 0.2
mm to 2 mm, that can provide great transparency to RF radiation and sufficient
transparency to IR radiation.

As shown in Fig. 5, the protective dome 53 has a cup-shaped configuration,
however other configurations are contemplated. Thus, at the end that is oriented towards
a target (not shown), the protective dome 33 can, for example, be hemispheric or can
have other desired configuration. It should be understood that the protective dome is not
bound to the scale and proportion illustrated in Fig. 5 and in other drawings.

In general, the protective dome 83 can be made of any suitable materials, and
can be made of the same or dissimilar materials.

According to the embodiment shown in Fig. 5, the entire protective dome is
made from the same material, such as a macromolecular material selected from a
polymer family of polyolefins, however as will be shown herein below other
configurations arc also contemplated. Examplces of the polyolcfin polymers suitable for
the dome include, but are not limited to, ultra high density polyethylene, high density
polyethylene, low density polyethylene and polypropylene.

In view of the fact that the IR transparency of the polyolefin material can be
cnhanced when an antistatic additive is added to the polymer, while RF transparency of

the polyolefin material with antistatic additive does not deteriorates, according to
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another embodiment of the present invention, the protective dome 33 is made of the
polyolefin polymers proposed above with an antistatic additive.

Examples of the antistatic additives suitable for the purpose of the present
invention include, but are not limited to, N-(2-hydroxy-3-dodecyloxypropyl)
cthanolamine agent, N,N-bis(2-hydroxyethyl) alkylamine agent, ethoxylated amine
antistatic agent, tetrahydropyrimidine agent, polyols, polyalkylene glycols and esters
and cthers thereof, alkylamines and fatty acid amides, cte. Antistatic additives may be
cither added into the material bulk or simply sprayed over the material surface.

Techniques for adding antistatic additives into various polymers, such as olefins,
are known per se (sece, for example, U. S. Pat. Nos. 3,631,162; 3,708,464, and
4,147,742, the description of which is hereby incorporated in its entirety by reference),
and therefore are not expounded upon herein in detail.

Fig. 6 illustrates a schematic cross-sectional view of a dual mode
electromagnetic detection system 60, according to another embodiment of the present
invention. The dual mode eclectromagnetic detection system 60 differs from the dual
mode electromagnetic detection system (54 in Fig. 5) in the fact that the thickness of a
protective dome 63 changes along its surface. As shown in Fig. 6, the protective dome
63 has a portion 631 that is located at the common aperture or overlapping apertures of
the IR seeker 51 and the RF radar 52, and another portion 632 associated with the
region outside the aperture of the IR sccker 51.

As can be seen in Fig. 6, a thickness of each portion 631 and 632 is uniform, and
the thickness changes abruptly at a seam 634 between these portions. However, when
desired, the thickness of the dome 63 can change smoothly, thereby forming a tapered
region defining a transitional portion (not shown) between the portions 631 and 632.

Similar to the protective dome 53 in Fig. 5, the protective dome 63 is made
entirely from a polyolefin material. The portion 631 has a relatively little thickness that
should not prevent transparcncy both IR and RF radiation. For cxample, the thickness of
the portion 631 can be in the range of 0.2 mm to 2 mm. The remaining portion 632 of
the dome 33 has a greater thickness to provide structural strength and rigidity. For
example, the thickness of the portion 632 (herein also referred to as “stiff portion”) can
be in the range of 0.2 mm to 200 mm. Although the stiff portion 632 can decrease
transmittance of IR radiation, it does not significantly affect the transmittance of RF

radiation. Therefore, this provision can be suitable for the configurations in which a
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narrow beam of the passive IR secker 51 enables scanning at angles 8;g which are less
than the scanning angles 8gy of the RF radar 52.

Fig. 7 illustrates a schematic cross-sectional view of a dual mode
clectromagnetic detection system 78, according to still another embodiment of the
present invention. The dual mode electromagnetic detection system 70 differs from the
dual mode electromagnetic detection system (60 in Fig. 6) in the fact that the thickness
of a protective dome 73 changes several times along its surface.

As shown in Fig. 7, the protective dome 73 has a substantially cup-shaped
configuration and includes a plurality of rclatively thick stiffening rib regions 732, and a
plurality of relatively thin regions 731 arranged between the rib regions 732. According
to the embodiment shown in Fig. 7, the rib regions 732 are configured as elongated
circular shape parallel members extending into an inner cavity of the dome, and
arranged along walls of the dome 73 for reinforcing the dome 73.

Similar to the protective dome 33 in Fig. 5, the protective dome 73 is made
cntirely from a polyolefin material. The portion of the dome occupied by the thin
regions 731 has a relatively little thickness that should not prevent transparency both IR
and RF radiation. For example, the thickness of this portion can be in the range of 0.2
mim to 2 mm.

The portion of the dome occupied by stiffening rib regions 732 has a greater
thickness to provide structural strength and rigidity. For example, the thickness of the
portion associated with stiffening rib regions 732 can be in the range of 0.2 mum to 200
mm. Although the stiff portion can decreasc transmittance of IR radiation, it docs not
significantly affect the transmittance of RF radiation.

It should be noted that although the stiff portion of the dome shown in Fig. 7
includes a plurality of rib regions, when desired the stiff portion can include a stiffening
grid region for reinforcing the dome.

Fig. 8 illustrates a schematic cross-sectional view of a dual mode
electromagnetic detection system 80, according to a further embodiment of the present
invention. The dual mode clectromagnetic detection system 88, differs from the dual
mode electromagnetic detection system (30 in Fig. 5) in the fact that only a portion 831
of a protective dome 83 that is located at the common aperture or overlapping apertures
of the IR seeker 51 and the RF radar 52 is made of a regular polyolefin polymer and/or

polyolefin polymer with an antistatic additive, as above described above, and is
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therefore transparent to both IR and RF radiation, whereas another portion 832 of the
dome 83 is made from another material that is transparent only to RF radiation. The
portions 831 and 832 are connected together to form an integral structure of the dome
83. The portions 831 and 832 can, for example, be glued, bolted or latched together,
however other suitable connecting means can also be used.

According to an embodiment of the present invention, the materials of the
portion 832 that is transparent only to RF radiation can be more rigid and hardened than
polyolefin materials in order to provide structural strength and rigidity, and to withstand
harsh conditions during exploitation. Examples of the materials suitable for fabrication
of the portion 832 of the dome 83 that is transparent only to RF radiation include, but
are not limited to REXOLITETM, TEFLON™, KEVLAR™, Quartz, Alumina, Slip-
Cast Fused Silica, ete.

This provision can be sufficient for the configurations in which a narrow beam
of the passive IR seeker enables scanning at angles 8ig which are less that the scanning
angles Bgy of the RF radar 52.

Fig. 9 illustrates a schematic cross-sectional view of a dual mode
clectromagnetic detection system 90, according to a further embodiment of the present
invention. The protective dome %3 has a substantially cup-shaped configuration and
includes a portion associated with plurality of stiffening ribs 932 forming a carcass
structure that is made from a relatively stiff material, and another portion associated
with a cover film 931 that is made of a polyolefin material and configured for coating
the carcass structurc. As shown in Fig. 9, the rib regions 932 arc configured as
elongated circular shape parallel members arranged along walls of the dome 93 for
reinforcing the dome.

It should be noted that although the carcass structure of the dome shown in Fig,
9 includes a plurality of stiffening ribs 932 for reinforcing the dome 93, when desired
the carcass structure can include a stiffening grid.

The term “coating” here has a broad meaning. Thus, according to one
cmbodiment, the cover film 931 is attached to the carcass structure from outside of the
carcass structure and wrapping thercof. According to another embodiment, the cover
film 931 is attached to the stiffening ribs 932 from inside of the carcass structure.
Likewise, the stiffening ribs 932 can be embedded into the cover film 931.The cover

film 931 that is made of a regular polyolefin polymer and/or a polyolefin polymer with
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an antistatic additive, as described above, and is therefore transparent to both IR and RF
radiation. Examples of the polyolefin polymers suitable for the dome include, but are
not limited to, ultra high density polyethylene, high density polyethylene, low density
polyethvlene and polypropylene.

The stiffening ribs 932 of the carcass structure of the dome 93 arc made from a
relatively stiff material that can be transparent either to both IR and RF radiation or only
to RF radiation. Examples of the materials suitable for fabrication of the carcass
structure of the dome 93 include, but are not limited to, REXOLITETM, TEFLONTM,
KEVLARTM, Quartz, Alumina, Slip-Cast Fused Silica, etc.

The thickness of the polymeric film 931 coating the carcass structure should be
chosen appropriately in order to provide transparency both IR and RF radiation. For
example, the thickness of polymeric film 931 can be in the range of 0.2 mm to 2 mm.
The thickness of the portion associated with the carcass structure can be in the range of
0.2 mm to 200 mm. Although the stiff portion can decrease transmittance of IR
radiation, it does not significantly affect the transmittance of RF radiation.

Methods for coating the stiffening ribs 932 with a cover film may be very
different, such as gluing the film to the wire, placing the film to the wires from the
solution, the growing film directly on the carcass by immersing it in a special solution,
melting polymeric films around the carcass, ctc.

According to an cmbodiment of the present invention, the dual mode
clectromagnetic detection system can further include an electro-optical processing
system (not shown) coupled to the IR seeker and to the RF radar, and configured for
detecting a target (not shown) reflected and/or a target originating radiation in chosen
radio frequency and infrared frequency ranges, respectively. The dual mode
electromagnetic detection system of the present invention can, for example, be used as a
part of a path control system of a missile. Thus, the signals provided by the IR secker
and to the RF radar can, for cxamplc, be used to steer the missile towards the target.

As such, those skilled in the art to which the present invention pertains, can
appreciate that while the present invention has been described in terms of preferred
cmbodiments, the concept upon which this disclosure is based may readily be utilized as
a basis for the designing of other structures and processes for carrying out the several

purposes of the present invention.
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Also, it is to be understood that the phraseology and terminology employed
herein are for the purpose of description and should not be regarded as limiting.
It is important, therefore, that the scope of the invention is not construed as being
limited by the illustrative embodiments set forth herein. Other variations are possible
5 within the scope of the present invention as defined in the appended claims. Other
combinations and sub-combinations of features, functions, elements and/or properties may
be claimed through amendment of the present claims or presentation of new claims in this
or a related application. Such amended or new claims, whether they are directed to
different combinations or directed to the same combinations, whether different, broader,
10 narrower or equal in scope to the original claims, are also regarded as included within the

subject matter of the present description.
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CLAIMS:

1. A protective dome for an electromagnetic detection system, comprising a substrate
having a portion transparent to both infrared radiation and radio frequency radiation with
a transmission for said infrared radiation better than 50% in the wavelength range of 8
micrometers to 14 micrometers, and with insertion losses not exceeding -0.82 dB in the
frequency range of 1 GHz through 18 GHz; characterized in that

said portion of the substrate comprises a macromolecular material selected from

at least one polymer of polyethylene and polypropylene, and an antistatic additive,
2. The protective dome of claim 1, wherein said subsirate has a uniform thickness.

3. The protective dome of any one of claims 1 to 2, wherein said substrate has a variable

thickness,

4. The protective dome ol any one of the preceding claims, wherein said substrate

comprising another portion, wherein said another portion includes stiffening members.

5. The protective dome of clatm 4, wherein said another portion is includes a material

transparent at least to radio frequency radiation.

6. The protective dome of claim 4, wherein said stiffening members include a stiffening

grid.

7. The protective dome of claim 4, wherein said stiffening elements includes stiffening

ribs.

8. A dual mode electromagnetic detection system comprising:

an infrared seeker having an infrared camera;

a radio frequency radar having an antenna arrangement; and

a protective dome housing the infrared camera and the antenna arrangement, said
protective dome comprising a substrate having a portion fransparent to both infrared
radiation and radio frequency radiation with a transmission for said infrared radiation
better than 30% in the wavelength range of 8 micrometers to 14 micrometers, and with

insertion losses not exceeding -0.82 dB in the frequency range of 1 GHz through 18 GHz,
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characterized in that said portion of the substrate comprises a macromaolecular material
selected from at least one polymer of polyethylene and polypropylene, and an antistatic

additive.

9. The system of claim 8, wherein said infrared seeker and said radio frequency radar are

configured to share a common aperture.

10. The system of claim 8, wherein said infrared sceker and said radio frequency radar

are configured to sharc an overlapping aperture.

11. A method for fabrication of a dual mode electromagnetic detection svstem,
comprising:

providing an infrared secker having an infrared camera;

providing a radio frequency radar having an antenna arrangement, and mounting
antenna arrangement with respect to the infrared camera such that the infrared camera
and the antenna arrangement form overlapping aperturcs; and

providing a protective dome comyprising a substrale having a portion transparent
to both infrared radiation and radio frequency radiation with a transmission for said
infrared radiation better than 50% in the wavelength range of 8 micrometers to 14
micrometers, and with insertion losses not exceeding -0.82 dB in the frequency range of
1 GHz through 18 Gilz, and

mounting the profective dome to house the infrared camera and the antenna
arrangement such that the portion that is transparent to both infrared radiation and radio
frequency radiation is placed against the aperture of the infrared camera;

characterized in that said portion of the substrate comprises a macromolecular
material selected from at least one polymer of polyethylene and polypropylene, and an

anfistatic additive.

12, 'The method of claim 11, wherein said an antistatic additive is added in the bulk of the

macromolecular material.

13. The method of claim 11, wherein said an antistatic additive is sprinkled over a surface

of the macromeolecular marerial.



