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ANTENNA WITH HIGH K BACKING MATERIAL

Cross-Reference to Related Application

[0001] This application claims the benefit of priority to U.S. provisional patent
application serial number 61/113,338, filed on November 11, 2008.

Field of the Invention

[0002] The present invention relates to antennas having a slotted reference sheet as

the radiator of an electromagnetic signal.

Background of the Invention

[0003] A slot antenna may be formed when a slot is formed in a conductive sheet
(often referred to as a reference plane, and herein referred to as a “reference sheet”). The slot
may be formed in the reference sheet by cutting or stamping the reference sheet, or by using a
die casting that has features which result in producing a slotted reference sheet from molten

material that is allowed to cool in the mold.

[0004] Usually, the length of the slot is selected to be half the wavelength of a signal
that 1s produced at a desired frequency. The width of the slot is often a small fraction of the
wavelength. The slot may take different shapes. For example, the slot may be a rectangle or
a spiral. In the case of a spiral slot, the shape of the spiral slot is selected to provide a

specific gain, bandwidth and return loss.

[0005] Since the current flow in a slot antenna is not confined to the edges of the slot,
the current flows over the entire reference sheet making the antenna a very efficient radiator.
This type of antenna normally radiates from both sides of the reference sheet equally. Prior
art slot antennas typically take advantage of the radiation pattern from both sides of the
reference sheet, or utilize wave guides as a means of directing the radiation emitted from the

reference sheet.
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Summary of the Invention

[0006] The invention may be embodied as an antenna having a conductive reference
sheet, a first dielectric material and a second dielectric material. One or more slots are in the
reference sheet. The slot(s) extend from a first side of the reference sheet to a second side of

the reference sheet.

[0007] The first dielectric material may reside on a first side of the reference sheet,
and the second dielectric material may reside on the second side of the reference sheet. The
first dielectric material has a first K-value, and the second dielectric material has a second K-
value. The second K-value is larger than the first K-value. The reference sheet may contact
one or both of the dielectric materials. Also, the reference sheet may be fixed to one or both

of the dielectric materials.
Brief Description Of The Drawings

[0008] For a fuller understanding of the nature and objects of the invention, reference
should be made to the accompanying drawings and the subsequent description. Briefly, the

drawings are:

Figure 1 is a side view of an antenna according to the invention;

Figure 2 is cross-sectioned view of the antenna depicted in Figure 1;

Figure 3 is an exploded perspective view of part of the antenna
depicted in Figure 1; and

Figure 4 is an exploded perspective view of another antenna
according to the invention.

Further Description of the Invention

[0009] Figures 1, 2 and 3 depict an antenna 10 that is in keeping with the invention.
In Figures 1, 2 and 3, there is shown a reference sheet 13 with a first dielectric material 16 on
one side 19, and a second dielectric material 22 on another side 25 of the reference sheet.

The second dielectric material 22 is shown attached to a grounding structure 28.
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[0010] The reference sheet 13 has a slot 31, and the reference sheet 13 may be
substantially planar. The reference sheet 13 may be a conductive material, such as copper,
brass, or a substrate plated with silver or gold. The reference sheet 13 may have a first
primary surface 34 and a second primary surface 37. Extending between the primary
surfaces 34, 37 is an outer edge 40, which may define an outer boundary of the reference
sheet 13. Although the edge 40 may radiate an electromagnetic signal, the edges of the slot

31 are primarily relied on to transmit a signal.

[0011] The slot 31 extends between the first primary surface and the second primary
surface 37, and in this manner may by thought of as a hole. Figure 3 depicts the slot 31 as
being substantially rectangular shape, but the slot 31 may have other shapes. For example,
the slot 31 may have a substantially spiral shape, such as an Archimedean spiral. Figure 4
shows an embodiment of the invention in which there are two substantially spiral shaped
slots 31. The number of slots 31 and the shape of the slots 31 may be selected to

accommodate desired performance characteristics.

[0012] The invention includes two dielectric materials 16, 22. The figures show
embodiments of the invention in which the first dielectric material 16 and the second
dielectric material 22 are positioned on opposing sides 19,25 of the reference sheet 13. The
first dielectric material 16 resides on the first side of the reference sheet 13, and the second
dielectric material 22 resides on the second side 25 of the reference sheet 13. For clarity, the
“first side” 19 of the reference sheet 13 is that side which includes a surface-normal 43 of the
first primary surface 34, and the “second side” 25 of the reference sheet 13 is that side which
includes a surface-normal 46 of the second primary surface 37. In this manner, a surface-
normal 43 of the first primary surface 34 may be thought of as extending into or toward, or
thought of as pointing to a location on the first dielectric material 16. Also, a surface-
normal 46 of the second primary surface 37 may be thought of as extending into or toward, or

thought of as pointing to a location on the second dielectric material 22.

[0013] The first and second dielectric materials 16, 22 may be positioned on their

respective sides of the reference sheet 13, and air may fill the slot 31. Figure 1 shows that the
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first dielectric material 16 substantially covers the first primary surface of the reference sheet
13, and the second dielectric material 16 substantially covers the second primary surface of
the reference sheet 13. Also, a portion of the first dielectric material 16 may extend into the
slot 31 (and thereby reside in the slot 31) in order to fill all or some of the slot 31 with first
dielectric material 16. Alternatively, a portion of the second dielectric material 22 may
extend into the slot 31 (and thereby reside in the slot 31) in order to fill all or some of the
slot 31 with second dielectric material 22. Or, portions of both dielectric materials 16, 22
may extend into the slot 31 (and thereby reside in the slot 31) in order to fill all or some of
the slot 31 with dielectric material. The decision to have the first and/or second dielectric
materials 16, 22 reside in the slot may be made by the antenna designer as part of an effort to

achieve a desired bandwidth, frequency response and/or gain for the antenna 10.

[0014] The reference sheet 13 and dielectric materials 16, 22 are shown in Figure 3
having cylindrical shapes. However, the invention is not limited to this arrangement. Other
shapes may be used. For example, the reference sheet 13, and dielectric materials 16, 22 may
be rectangular, oval, triangular, or a non-standard shape. Also, the reference sheet 13 and
dielectric materials 16, 22 need not be similar in shape to each other — for example the

reference sheet 13 may be square, and the dielectric materials 16, 22 oval.

[0015] A signal feed structure 49 may be included in order to provide a pathway
along which a signal may be delivered to the reference sheet 13. Figure 3 shows a signal feed
structure 49 comprising two pins that extend through the second dielectric material 22 to
contact the reference sheet 13 on opposing sides of the slot 31. Figure 4 shows a similar
signal feed structure 49 wherein each pin contacts the reference sheet 13 at different ones of
the spiral slots 31. By providing a signal feed structure 49 that is in communication with the
reference sheet 13, signals that are to be broadcasted by the antenna 10 may be efficiently
delivered to the reference sheet 13. The reference sheet 13 can be driven with a balanced or

an unbalanced load. The signal feed structure 49 may take the form of a pin, or set of pins.

[0016] The reference sheet 13 can be electrically ungrounded, or the reference

sheet 13 can be grounded directly or capacitatively to a grounding structure 28 via a ground
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conductor 55. The ground conductor 55 may be provided in communication with the
reference sheet 13 for purposes of grounding the reference sheet 13 to the grounding
structure 28. The grounding structure 28 may be larger than the reference sheet 13. For
example, the grounding structure 28 might be the chassis of an electronic system, the skin of
a missile, or the chassis or body of an automobile. The second dielectric material 22 may be

positioned to reside between the reference sheet 13 and the grounding structure 28.

[0017] One or both of the dielectric materials 16, 22 may contact the reference
sheet 13. For example, the first dielectric material 16 may contact the first primary

surface 34, and/or the second dielectric material 22 may contact the second primary

surface 37. Also, either of the dielectric materials 16, 22, or both, may be fixed to the
reference sheet 13. For example, an adhesive may be used to fix a dielectric material 16, 22

to the reference sheet 13.

[0018] The first dielectric material 16 has a first K-value, and the second dielectric
material 22 has a second K-value. The second K-value is larger than the first K-value. For
example, the first and second dielectric materials 16, 22 may be selected so that the first K-
value is not greater than one-fourth of the second K-value. In this manner, electromagnetic
signals from the reference sheet 13 will radiate more readily via the first dielectric

material 16. Also, the high K-dielectric material will shield the reference sheet 13 from the

effect of objects that are on the second side 25 of the reference sheet 13.

[0019] The first dielectric material 16 may be air, or a polymer, such as Teflon,
polypropylene or polyethylene, or materials like epoxy or polyimide (which are often used as
the substrate in a printed circuit board). Typically, the first dielectric material 16 has a K-
value that is in the range of 3 to 4. The second dielectric material 22 may be alumina or
magnesium titanate or barium titanate. Typically, the second dielectric material 22 has a K-
value that is in the range of 4 to 90. The second dielectric material 22 may be alumina or

magnesium titanate.
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[0020] By arranging the low-K and high-K dielectric materials 16, 22 on opposite
sides 19, 25 of the reference sheet 13, the emitted field is concentrated on the side of the
reference sheet 13 facing the low-K dielectric material 16. Also, the effect of any conductive
material (such as a ground plane or fasteners) that is behind the high-K dielectric material 22
is minimized by the high-K dielectric material 22. As such, the antenna 10 described herein
increases the radiation emitted from the first primary surface 34 of the reference sheet 13.
Also, an antenna 10 according to the invention may be fashioned to reduce the effect that
conductive material which is placed on the second side 25 of the reference sheet 13 (and in
particular, conductive material that is within ¥ wave length of the antenna slot 31) has on the
emission pattern of the antenna 10. By using different dielectric materials 16, 22, our
antenna 10 achieves a higher directional response than has previously been achieved by slot
antennas. Finally, unlike prior art slot antennas, our invention does not require a wave guide

if a directional effect is desired.

[0021] In lieu of forming the slotted reference sheet 13 from a sheet of material, the
reference sheet 13 may be a metalized pattern fixed to one or both of the dielectric

materials 16, 22. For example, the reference sheet 13 may be plated, sputtered or silk
screened and cured to the high-K dielectric material 22. Alternatively, the reference sheet 13
may be fixed to the low-K dielectric material 22, for example by plating, sputtering or silk
screening and curing the metalized pattern to the low-K dielectric material 22. In this
manner, assembly of the antenna 10 may be simplified because the reference sheet 13 and
one of the dielectric materials 16 or 22 are a unitary piece at the time of assembly. The other
dielectric material 16 or 22 may (or may not) be fixed to the unitary piece by use of an

adhesive, or other bonding mechanism.

[0022] Although the present invention has been described with respect to one or more
particular embodiments, it will be understood that other embodiments of the present
invention may be made without departing from the spirit and scope of the present invention.
Hence, the present invention is deemed limited only by the appended claims and the

reasonable interpretation thereof.
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What is claimed is:

1. An antenna, comprising:

a conductive reference sheet having a slot therein, the reference sheet having a first
primary surface and a second primary surface;

a first dielectric material residing on a first side of the reference sheet, the first side
being that which includes a surface-normal of the first primary surface, the first
dielectric material having a first K-value;

a second dielectric material residing on a second side of the reference sheet, the
second side being that which includes a surface-normal of the second primary
surface, the second dielectric material having a second K-value, the second K-

value being larger than the first K-value.
2. The antenna of claim 1, wherein the first dielectric material resides in the slot.

3. The antenna of claim 1, wherein the first K-value is not greater than one-fourth of the

second K-value.
4. The antenna;of claim 1, further comprising air in the slot.
5. The antenna of claim 1, wherein the first dielectric material is a polymer.
6. The antenna of claim 1, wherein the first dielectric material is air.
7. The antenna of claim 1, wherein the second dielectric material is alumina.
8. The antenna of claim 1, wherein the second dielectric material is magnesium titanate.

9. The antenna of claim 1, wherein the second dielectric material is barium titanate.
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. The antenna of claim 1, wherein the reference sheet is fixed to one of the dielectric

materials.

. The antenna of claim 1, further comprising a signal feed structure in communication with

the reference sheet.
. The antenna of claim 1, wherein the slot is substantially rectangular.
. The antenna of claim 1, wherein the slot is substantially spiral-shaped.
. The antenng of claim 13, wherein the slot is substantially an Archimedean spiral.

. The antenna of claim 1, further comprising a ground conductor in communication with

the reference sheet.

. The antenna of claim 15, further comprising a conductive grounding structure in

communication with the ground conductor.

. The antenna of claim 16, wherein the second dielectric material resides between the

reference sheet and the grounding structure.

. The antenna of claim 1, wherein the second dielectric material contacts the second

primary surface.

. The antenna of claim 1, wherein the first dielectric material contacts the first primary

surface.

. The antenna of claim 1, wherein the reference sheet is substantially planar.
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