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Description

BACKGROUND OF THE INVENTION

[0001] The present disclosure relates generally to the
field of waveguides that permit transmission or reception
of electromagnetic radiation (particularly millimeter
wavelength radiation) with certain characteristics in se-
lective directions while not substantially impacting the
transmission and reception of electromagnetic radiation
with different characteristics. This disclosure further re-
lates to the use of such waveguides in antenna applica-
tions.
[0002] Dielectric waveguide antennas are well-known
in the art, as exemplified by US 6,750,827; US 6,211,836;
US 5,815,124; and US 5,959,5 89, EP1130680 A2. Such
antennas operate by the evanescent coupling of electro-
magnetic waves out of an elongate (typically rod-like)
dielectric waveguide to a rotating cylinder or drum, and
then radiating the coupled electromagnetic energy in di-
rections determined by surface features of the drum. By
defining rows of features, wherein the features of each
row have a different period, and by rotating the drum
around an axis that is parallel to that of the waveguide,
the radiation can be directed in a plane over an angular
range determined by the different periods. H. Uchimura
et al, "Development of a "laminated waveguide"," in IEEE
Transactions on Microwave Theory and Techniques, vol.
46, no. 12, pp. 2438-2443, Dec. 1998, refers to integrated
substrate waveguides with walls of pins to confine the
signal transmitted in the longitudinal direction.
[0003] Scanning or beam-steering antennas, particu-
larly dielectric waveguide antennas, are used to send
and receive steerable millimeter wave electromagnetic
beams in various types of communication applications,
and in radar devices, such as collision avoidance radars.
In such antennas, an antenna element includes an eva-
nescent coupling portion having a selectively variable
coupling geometry. A transmission line, such as a die-
lectric waveguide, is disposed closely adjacent to the
coupling portion so as to permit evanescent coupling of
an electromagnetic wave between the transmission line
and the antenna elements, whereby electromagnetic ra-
diation is transmitted or received by the antenna. The
shape and direction of the transmitted or received beam
are determined by the coupling geometry of the coupling
portion. By controllably varying the coupling geometry,
the shape and direction of the transmitted/received beam
may be correspondingly varied.
[0004] It is well known to construct a dielectric
waveguide to contain the propagation of an electromag-
netic wave in a given direction. For example, a waveguide
with a dielectric substrate or slab and a metal plate dis-
posed adjacent the dielectric slab will prevent any leak-
age of the electromagnetic wave through the metal plate,
while permitting the electromagnetic wave to travel, for
example, along the plane of the dielectric slab. However,
the metal plate will also prevent the passage of other

electromagnetic waves through it, for example, an elec-
tromagnetic wave that may be incident on the metal plate
at an angle.
[0005] When multiple, steerable or beam steering an-
tennas are used in close proximity, the waveguide de-
scribed above may obstruct the passage of other elec-
tromagnetic waves that are traveling in a direction that
crosses the waveguide’s metal plate. Therefore, there is
a need for a waveguide that permits transmission or re-
ception of electromagnetic radiation with certain charac-
teristic in selective directions without substantially im-
pacting the transmission and reception of electromag-
netic radiation with different characteristics.

SUMMARY OF THE INVENTION

[0006] Broadly, a first aspect of the present disclosure
is a planar dielectric waveguide, operable for both trans-
mission and reception of electromagnetic radiation (par-
ticularly microwave and millimeter wavelength radiation).
The dielectric waveguide comprises a dielectric sub-
strate or slab having first and second opposed surfaces
defining a longitudinal wave propagation path therebe-
tween; and a metallized conductive grid on the first sur-
face, the grid comprising a plurality of substantially par-
allel conductive metal waveguide strips, each defining
an axis transverse to the longitudinal path, whereby the
grid renders the first surface substantially opaque to a
longitudinal electromagnetic wave polarized in a direc-
tion substantially parallel to the axes of the metal
waveguide strips and having a propagation direction sub-
stantially along the longitudinal wave propagation path
and thus substantially normal to the axes of the strips.
The conductive grid, however, is substantially transpar-
ent to a transverse electromagnetic wave polarized in a
direction substantially normal to the axes of the
waveguide strips and having a propagation path that in-
tersects the first and second surfaces of the slab or sub-
strate.
[0007] In accordance with another aspect of the
present disclosure, a leaky waveguide antenna includes
a dielectric waveguide constructed as described above.
The leaky waveguide antenna includes a diffraction grat-
ing on the surface of the dielectric slab opposite the con-
ductive grid, whereby an electromagnetic wave propa-
gating longitudinally through the slab is diffracted out of
the plane of the slab. Optionally, the antenna may include
a reflector configured to reflect the electromagnetic wave
diffracted from the dielectric slab back toward the dielec-
tric slab with a polarization substantially normal the axes
of the metal strips, whereby the waveguide is transparent
to the reflected electromagnetic wave.
[0008] As will be more readily appreciated from the de-
tailed description that follows, the present disclosure pro-
vides a waveguide that permits transmission or reception
of electromagnetic radiation with certain characteristic in
selective directions without substantially impacting the
transmission and reception of electromagnetic radiation
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with different characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a semi-diagrammatic elevational view of a
conventional leaky waveguide antenna, known in the
prior art;

Fig. 2 is a semi-diagrammatic bottom plan view of a
dielectric waveguide of the present disclosure;

Fig. 3A is a semi-diagrammatic elevational view of
the dielectric waveguide of Fig. 2;

Fig. 3B is a semi-diagrammatic elevational view of
a modified form of the waveguide of Fig. 2;

Fig. 4 is semi-diagrammatic elevational view of one
embodiment of a leaky waveguide antenna of the
present disclosure;

Fig. 5 is a semi-diagrammatic elevational view of an-
other embodiment of a leaky waveguide antenna of
the present disclosure;

Fig. 6 is a semi-diagrammatic elevational view of a
steerable antenna system of the present disclosure;
and

Fig. 7 is a perspective view of portions of the steer-
able antenna system of Fig. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Figure 1 illustrates a leaky waveguide antenna
100, of a conventional type well known in the art. The
leaky waveguide antenna 100 includes a dielectric sub-
strate or slab 102, with a top surface 106 and bottom
surface 108. A diffraction grating comprising a plurality
of diffraction grating scattering elements 104 is provided
on the top surface 106 of the dielectric slab 102. A lon-
gitudinal electromagnetic wave propagates through the
dielectric slab 102, between the top surface 106 and bot-
tom surface 108, along a longitudinal propagation path
110. Based upon the characteristics of the leaky
waveguide antenna 100, the longitudinal wave is diffract-
ed and radiates out of the dielectric slab 102 in two di-
rections, along a first or forward diffracted path 112a and
a second or backward diffracted path 112b, at a beam
angle α, measured with reference to a line A-A perpen-
dicular to the propagation path 110, prior to the radiation.
The beam angle α is given by the formula: sin α = β/k -
λ/P, where β is the wave propagation constant in the
waveguide 100, k is the wave vector in a vacuum, λ is
the wavelength of the electromagnetic wave propagating
through the substrate or slab 102, and P is the period of

the diffraction grating. The beam angle α may be positive
or negative, relative to the reference line A-A, based upon
the characteristics of the antenna 100.
[0011] By varying the period P of the diffraction grating,
the beam angle α may be varied to provide a steerable
beam. Also, the backward diffracted path 112b may be
suppressed or greatly attenuated by making the
waveguide opaque (or nearly so) to the electromagnetic
wave on the dielectric slab surface opposite the diffrac-
tion grating (i.e., the bottom surface 108 in Fig. 1). This
result is typically achieved by providing a conductive met-
al layer (not shown) on the bottom surface 108. One
drawback to this design, however, is that the antenna
100 is not "transparent" to radiation that may be coupled
to waveguide from a neighboring antenna, and thus such
"stray" radiation may interfere with the desired steerable
beam. From the description that follows, it will be appre-
ciated that one advantageous aspect of the waveguide
and antenna of the present disclosure is that it is trans-
parent to such stray radiation, thereby minimizing the de-
gree of interference caused thereby.
[0012] Referring to Figures 2 and 3A, a dielectric
waveguide 200 of the present disclosure includes a die-
lectric substrate or slab 202 having a first or bottom sur-
face 204 and a second or top surface 205 defining a
longitudinal wave path 208 therebetween. A conductive
grid of substantially parallel metal strips 206 is applied
to or formed on one surface (e.g., the bottom surface
204) by any appropriate method known in the art, such
as, for example, by deposition of a metal layer followed
by photolithography (photo-resist masking and chemical
etching of the metal layer), or by metal deposition through
a mask. The spacing s between the centers of any two
adjacent metal strips 206 meets the condition whereby
s < λ/(1 + β/k), and preferably s ≈ λ/10 (the parameters
being defined above). The metal strips 206 are arranged
with axes that are substantially perpendicular or normal
to the longitudinal path 208, which is the propagation
path of a first, longitudinal electromagnetic wave within
the dielectric slab 202. It will be appreciated that the lon-
gitudinal wave may vary somewhat from a path that is
normal to the metal strips 206, and thus may propagate
along an alternate nearly longitudinal path 208a, 208b
that may deviate somewhat from 90° with respect to the
orientation of the metal strips 206. Thus, the waveguide
200 will support propagation of an electromagnetic wave
along a first (longitudinal) propagation path 208, 208a,
208b that is preferably substantially normal to the axes
of the metal strips 206.
[0013] If the longitudinal wave is polarized in a direction
that is substantially parallel to the axes of the metal strips
206, as indicated by the arrow 210 in Fig. 2, the grid of
strips 206 will make the bottom surface of the dielectric
slab 202 substantially opaque to the longitudinally-prop-
agating wave, and thus will substantially prevent the lon-
gitudinally-propagating electromagnetic wave from pen-
etrating through the grid of metal strips 206 and thus
through the plane defined by the slab or substrate 202
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of the waveguide 200. In this manner, the waveguide 200
prevents the longitudinal wave from penetrating the first
(bottom) surface 204 of the dielectric substrate 202.
[0014] As shown in Figure 3A, the waveguide 200 per-
mits the propagation of a second, or transverse, electro-
magnetic wave along a second or transverse propagation
path 209 that intersects the first and second surfaces of
the slab or substrate 202 of the waveguide 200, provided
that the second or transverse wave is polarized in a di-
rection that is substantially orthogonal or normal to the
axes of the metal strips 206, as indicated by the arrow
211 in Fig. 3A. This transverse electromagnetic wave
may thus pass through the waveguide 200, either in a
direction from the bottom slab surface 204 toward the
top slab surface 205, as shown in Fig. 3A, or in the op-
posite direction (i.e., from the top slab surface 205 toward
the bottom slab surface 204), because the grid of metal
strips 206 allows the bottom surface 204 of the substrate
or slab 202 to be substantially transparent to an electro-
magnetic wave having the propagation path and polari-
zation direction of the above-described transverse wave.
In practice, the propagation path 209 of the second or
transverse wave may be substantially perpendicular to
the plane defined by the slab 202, although the
waveguide may be sufficiently transparent to a wave hav-
ing a propagation path 209 that deviates measurably
from a perpendicular (90°) angle of incidence to provide
the required result.
[0015] Fig. 3B shows a waveguide 200’ that is a mod-
ification of the above-described waveguide 200 shown
in Figs. 2 and 3A. It is often required that the waveguide
support only a single propagation mode. For example, in
leaky waveguide antennas, single mode propagation is
a necessary condition for the antenna to transmit/receive
a single beam. This condition can be achieved by restrict-
ing the relevant waveguide dimension, which, in this
case, is thickness. Thus, to provide single mode opera-
tion, the thickness of the dielectric slab 202 of the
waveguide 200 needs to be sufficiently small to provide
a cut-off for the second mode. Such a thin waveguide
may lack sufficient structural robustness for many appli-
cations. To provide additional structural rigidity to the
waveguide, a dielectric reinforcing plate 214 is provided
under the grid of metal strips 206. The dielectric reinforc-
ing plate 214 thus has a top surface 216 and a bottom
surface 218, wherein the top surface 216 is in contact
with the grid of metal strips 206. Due to the screening
effect of the metal strips 206, the dielectric reinforcing
plate 214 does not couple electromagnetically to the
waveguide 202. Thus, the function and operation of the
modified waveguide 200’ are not affected by the dielectric
reinforcing plate 214, and they are substantially as de-
scribed above with respect to Figs. 2 and 3A.
[0016] The thickness of the dielectric reinforcing plate
214 may be empirically selected to support anti-reflective
conditions for the transverse electromagnetic wave prop-
agating along the transverse propagation path 209
shown in Fig. 3A. The thickness selected depends on

such factors as the wavelength of the electromagnetic
radiation, the optical characteristics of the particular ma-
terial used for the reinforcing plate 214, the optical thick-
ness of the waveguide 202, and the spacing s between
the metal strips 206. These anti-reflective conditions may
also be optimized by selecting an appropriate multi-lay-
ered structure for the dielectric reinforcing plate 214, in
accordance with known anti-reflection optimization tech-
niques.
[0017] The waveguide described with reference to Fig.
2, 3A and 3B may be used to create a leaky waveguide
antenna by adding a suitable diffraction grating to the
dielectric substrate or slab, on the surface opposite the
conductive grid. The diffraction grating may be made as
a set of periodic or quasi-periodic grooves, metal strips,
metal patches, or other scattering elements. One em-
bodiment of a leaky waveguide antenna with a diffraction
grating made of a plurality of grooves is shown in Fig. 4,
and another embodiment, with a diffraction grating made
of a plurality of metal strips, is shown in Fig. 5.
[0018] Referring to Fig. 4, a leaky waveguide antenna
400 includes a waveguide comprising a dielectric sub-
strate or slab 402, with a first or bottom surface 404 and
a second or top surface 405, and a conductive grid, com-
prising a plurality of substantially parallel metal strips 406,
disposed on the bottom surface 404. The waveguide an-
tenna 400 further comprises a diffraction grating, having
a period P, provided by a periodic or quasi-periodic pat-
tern of grooves 408 formed in the top surface 405 of the
dielectric slab 402. A first or longitudinal electromagnetic
wave travels along the length of the dielectric slab 402,
substantially along a longitudinal incident propagation
path 410, between the top surface 405 and bottom sur-
face 404. Based upon the characteristics of the leaky
waveguide antenna 400, the first electromagnetic wave
is diffracted out of the dielectric slab 402 as a diffracted
electromagnetic wave, substantially along a diffracted
propagation path 412a, at a beam angle α, measured
with reference to a line B-B that is perpendicular to the
incident propagation path 410. The beam angle α is given
by the formula: sin α = β/k - λ/P, where β is the wave
propagation constant in the waveguide antenna 400, k
is the wave vector in a vacuum, λ is the wavelength of
the electromagnetic radiation propagating through the di-
electric slab 402, and P is the period of the diffraction
grating grooves 408. The beam angle α may be positive
or negative, based upon the value of the parameters in
the above-mentioned formula. The beam path analogous
to the beam path 112b in Fig. 1 (that is, the diffracted
beam path extending through the plane of the dielectric
slab 402) is effectively suppressed by the grid of metal
strips 406, so that only a single beam is radiated along
the diffracted propagation path 412a.
[0019] As previously described with respect to Figs. 2,
3A, and 3B, the spacing s between the centers of any
two adjacent metal strips 406 meets the condition where-
by s < λ/(1 + β/k), and preferably s ≈ λ/10 (the parameters
being defined above). The metal strips 406 are arranged
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transversely across the bottom surface of the dielectric
substrate 402, with axes perpendicular or normal to the
longitudinal incident propagation path 410 of the first or
longitudinal electromagnetic wave. It will be appreciated
that the first electromagnetic wave may vary somewhat
from a path that is normal to the metal strips 410, and
thus may propagate along an alternate path that deviates
somewhat from 90° with respect to the orientation of the
metal strips 406, as discussed above with reference to
Fig. 2. Thus, the antenna 400 will support propagation
of a longitudinal electromagnetic wave along a first, sub-
stantially longitudinal propagation path 410 within the di-
electric slab 402 that is preferably substantially normal
to the metal strips 406. As discussed above with refer-
ence to Figures 2 and 3A, if the longitudinal wave is po-
larized in a direction that is substantially parallel to the
axes of the metal strips 406, the longitudinal wave will
be prevented from taking a diffracted path that penetrates
through the grid of metal strips 406.
[0020] The antenna 400 permits the propagation of a
second or transverse electromagnetic wave along a sec-
ond propagation path 414 that intersects (and is prefer-
ably substantially perpendicular to) the first and second
surfaces of the dielectric slab or substrate 402, provided
that the second wave is polarized along a second polar-
ization axis that is substantially orthogonal or normal to
the orientation of the metal strips 406. This second or
transverse electromagnetic wave may thus pass trans-
versely through the thickness of the substrate or slab
402, either in a direction from the bottom slab surface
404 toward the top slab surface 405, as shown in Fig. 4,
or in the opposite direction (i.e., from the top slab surface
405 toward the bottom slab surface 404).
[0021] Optionally, although not shown in Fig. 4, a die-
lectric plate, similar to the dielectric plate 214 shown in
Fig. 3B, may be disposed in contact with the grid of metal
strips 406 to provide additional structural rigidity to the
leaky waveguide antenna 400. The leaky waveguide an-
tenna 400 may optionally be coupled to an imaging
waveguide element similar to the imaging waveguide 220
element shown in Fig. 3B, to receive and couple an elec-
tromagnetic wave to the leaky waveguide antenna 400.
The imaging waveguide element may operate as a feed
to the leaky waveguide antenna 400.
[0022] The leaky waveguide antenna 500 of Fig. 5 is
substantially similar in structure and operation to the
leaky waveguide antenna 400 described with respect to
Fig. 4, except that the diffraction grating is provided by a
second plurality of substantially parallel metal strips 508
formed on or applied to the top surface 405 of the die-
lectric substrate or slab 402. The strips 508 are advan-
tageously formed by any of the methods described above
for the formation of the first plurality of metal strips 406
on the bottom surface 404 of the dielectric substrate 402,
and they are spaced so as to provide a diffraction grating
with a period P. Functionally, the antenna 500 of Fig. 5
is substantially identical to the antenna 400 of Fig. 4, as
described above.

[0023] The leaky waveguide antenna described with
reference to Figs. 4 and 5 may be used to create one
dimensional and two dimensional beam-steering anten-
na systems. Referring to Figures 6 and 7, a beam-steer-
ing antenna system 600 includes a dielectric waveguide
antenna element (shown as the dielectric waveguide an-
tenna 400, as described above with reference to Fig. 4,
but which may, as an alternative, be the waveguide die-
lectric antenna 500 described above with reference to
Fig. 5), and an antenna subsystem 602 to generate or
receive electromagnetic waves for propagation through
the dielectric waveguide antenna element 400. The an-
tenna subsystem 602 comprises a scanning antenna el-
ement 610, a dielectric transmission line 614 evanes-
cently coupled to the scanning antenna element 610, and
lower and upper conductive waveguide plates 616, 617,
respectively, that are operatively coupled between the
transmission line 614 and the dielectric waveguide an-
tenna element 400. The transmission line 614 is prefer-
ably an elongate, rod-shaped dielectric waveguide ele-
ment with a circular cross-section, as shown. Dielectric
waveguide transmission lines with other configurations,
such as rectangular or square in cross-section, may also
be employed. The scanning antenna element 610, in this
embodiment, includes a drum or cylinder 620 that is ro-
tated by conventional electromechanical means (not
shown) around a rotational axis passing through the cent-
er 622 of the cylinder 620 that may be, but is not neces-
sarily, parallel to the axis of the transmission line 614.
Indeed, it may be advantageous for the rotational axis of
the cylinder 622 to be skewed relative to the transmission
line axis, as taught, for example, in above-mentioned US
5,572,22 8. To prevent leakage of electromagnetic radi-
ation via gaps between the plates 616, 617 and the scan-
ning antenna element 610, the polarization of the elec-
tromagnetic wave supported by the waveguide assembly
614, 616, 617 is advantageously such that the electric
field component is preferably in a plane that is parallel to
the planes defined by the plates 616, 617, as indicated
by the line 619. Any gaps between the plates 616, 617
and the scanning antenna element 610 should preferably
be less than one-half the wavelength of the transmit-
ted/received radiation in the propagation medium (e.g.,
air).
[0024] The drum or cylinder 620 may advantageously
be any of the types disclosed in detail in, for example,
the above-mentioned US 5,572,228; US 6,211,836; and
US 6750,827. Briefly, the drum or cylinder 620 has an
evanescent coupling portion located with respect to the
transmission line 614 so as to permit evanescent cou-
pling of electromagnetic waves between the coupling
portion and the transmission line 614. The evanescent
coupling portion has a selectively variable coupling ge-
ometry, which advantageously may take the form of a
conductive metal diffraction grating 624 having a period
A that varies in a known manner along the circumference
of the drum or cylinder 620. Alternatively, several discrete
diffraction gratings 624, each with a different period A,
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may be disposed at spaced intervals around the circum-
ference of the drum or cylinder 620. As taught, for exam-
ple, in the aforementioned US 5,572,228, the angular
direction of the transmitted or received beam relative to
the transmission line 614 is determined by the value of
A in a known way. The diffraction grating 624 may either
be a part of a single, variable-period diffraction grating,
or one of several discrete diffraction gratings, each with
a distinct period A. In either case, the diffraction grating
624 is provided on the outer circumferential surface of
the drum or cylinder 620. Specifically, the grating 624
may be formed on or fixed to the outer surface of a rigid
substrate (not shown), which may be an integral part of
the drum or cylinder 620.
[0025] The conductive waveguide plates 616, 617 are
respectively disposed on opposite sides of the transmis-
sion line 614, each of the plates 616, 617 defining a plane
that is substantially parallel to the axis of the transmission
line 614. Each of the plates 616, 617 has a proximal end
adjacent the antenna element 612, and a distal end re-
mote from the scanning antenna element 610. The plates
616, 617 are separated by a separation distance d that
is less than the wavelength λ of the electromagnetic wave
in the propagation medium (e.g., air), and greater than
λ/2 to allow the electromagnetic wave with the above-
described polarization to propagate between the conduc-
tive plates 616, 617. The arrangement of the transmis-
sion line 614, the scanning antenna element 610, and
the conductive waveguide plates 616, 617 assures that
the electromagnetic wave coupled between the trans-
mission line 614 and the scanning antenna element 610
is confined to the space between the waveguide plates
616, 617, thereby effectively limiting the beam propagat-
ed as a result of the evanescent coupling to two dimen-
sions, i.e., a single selected plane parallel to the planes
defined by the conductive plates 616, 617. Thus, beam-
shaping or steering is substantially limited to that selected
plane, which may, for example, be the azimuth plane.
[0026] As shown in Fig. 6, the distal end of one of the
plates 616, 617 (here shown as the upper plate 617) may
be bent or turned outwardly from the plane of the plates
at an angle relative to that plane, thereby forming a horn
element 634 for matching the impedance of the parallel
plate waveguide formed by the plates 616, 617 with the
impedance of the dielectric waveguide antenna element
400.
[0027] The conductive waveguide plates 616, 617 are
coupled to the dielectric waveguide element 400, which
is advantageously both structurally and functionally sim-
ilar to the leaky waveguide antenna described above with
respect to Fig. 4, with a plurality of grooves 408 acting
as a diffraction grating. In an alternate embodiment, as
mentioned above, the dielectric waveguide antenna el-
ement may be the above-described dielectric waveguide
element 500, shown in Fig. 5, that includes a second grid
of metal strips acting as a diffraction grating. For the pur-
poses of further description of the steering antenna sys-
tem 600 and the leaky waveguide antenna 400, reference

numerals used to describe various elements of the leaky
waveguide antenna 400 in Fig. 4 will be used in Figures
6 and 7.
[0028] The period P of the diffraction grating, (e.g., the
plurality of grooves 408) is selected so as to radiate a
diffracted electromagnetic wave out of the plane of the
waveguide antenna 400 at a selected diffraction angle
with respect to the direction of propagation of the elec-
tromagnetic wave prior to the radiation; for example, in
a direction indicated by the arrow D. Preferably, the dif-
fracted wave may have a horizontal polarization that is
substantially parallel to the axis of the metal waveguide
strips 406.
[0029] The above-described antenna system 600 pro-
vides beam steering or scanning in one plane (e.g., az-
imuth). Scanning or steering in two orthogonal planes
(azimuth and elevation) may be accomplished by provid-
ing a reflector 604, as shown in Figures 6 and 7. The
reflector 604 includes a dielectric layer 606 with a bottom
surface 608 and a top surface 609, a conductive reflector
grid comprising a plurality of substantially parallel metal
reflector strips 612 disposed on the bottom surface 608
of the dielectric layer 606, and a metal plate 628 disposed
on the top surface 609 of the dielectric layer 606. The
thickness of the dielectric layer 606 d’ is advantageously
chosen to be about a quarter wavelength of the electro-
magnetic wave in the dielectric layer 606. As best shown
in Fig. 7, the metal reflector strips 612 are advantageous-
ly oriented at an angle of about 45 degrees relative to
the metal waveguide strips 406, with a spacing distance
s’ between adjacent reflector strips 612 given by the for-
mula: s’ < λ/(1 + β’/k), where β’ is the propagation con-
stant in the reflector structure comprising the dielectric
layer 606, the metal plate 628, and the grid of conductive
strips 612, and where the other parameters are as de-
fined above. The spacing s’ must be sufficiently small to
prevent such coupling of the incident wave into the struc-
ture of the reflector 604 as make the reflector into a "par-
asitic" waveguide that may extract power from the inci-
dent electromagnetic beam. A sufficiently small spacing
s’ also prevents the grid of reflector strips 612 from acting
as a diffraction grating that could generate an interfering
electromagnetic wave.
[0030] Assuming an incident electromagnetic wave I
is coupled to the waveguide antenna 400 along a longi-
tudinal path, the diffraction grating formed by the grooves
408 diffracts the incident or longitudinal wave into a dif-
fracted path D radiating out of the plane of the waveguide
antenna 400. The diffracted wave has a polarization that
is substantially parallel to the axes of the waveguide strips
406, as indicated at PD. The reflector 604 converts the
diffracted electromagnetic wave radiated from the
waveguide antenna 400 into a reflected beam along a
reflected path R, with a polarization of the reflected elec-
tromagnetic wave being substantially perpendicular to
the axes of the waveguide strips 406, as shown by the
arrow PR. As previously discussed, an electromagnetic
wave with a polarization substantially perpendicular to
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the axes of the waveguide strips 406 will pass through
the plane of the waveguide 400, which is transparent to
a wave so characterized.
[0031] The polarization conversion or rotation per-
formed by the reflector 604 occurs by a process well-
known in the art. Specifically, the diffracted wave re-
ceived by the reflector 604 has a polarization in a direction
that is 45° relative to the axes of the reflector strips 612.
This polarization is formed from two wave components:
a first component with polarization parallel to the axes of
the reflector strips 612, and a second component with
polarization perpendicular to the axes of the reflector
strips 612. The first component is reflected from the grid
of reflector strips 612, while the second component pen-
etrates the grid and the dielectric layer 606, and is re-
flected by the metal plate 628. The reflected second com-
ponent is phase-shifted 180° relative to the first compo-
nent, whereby the effective polarization sense is rotated
90° relative to the polarization of the diffracted beam re-
ceived by the reflector. Thus, the reflected beam from
the reflector 604 has a polarization that is orthogonal to
that of the diffracted beam that impinges on the reflector
604. Furthermore, while the polarization of the reflected
beam is still oriented at 45° relative to the axes of the
reflector strips 612, its polarization is now perpendicular
to the axes of the waveguide strips 406, instead of parallel
to the axes as in the diffracted beam prior to impingement
on the reflector 604. It will be appreciated that other re-
flector structures that can perform the requisite change
in the sense of polarization as a result of the interaction
with the reflector are known in the art, and will suggest
themselves to those of ordinary skill in the pertinent arts.
[0032] The antenna system 600 employing the reflec-
tor 604 allows scanning in first and second planes. Thus,
the incident longitudinal beam may be scanned or
steered by the scanning antenna element 610 in a first
plane, e.g., azimuth, while the reflected beam may be
scanned in a second plane, e.g., elevation, since, as dis-
cussed above, the reflected beam has a propagation di-
rection and polarization direction that allow it to pass
through the plane of the waveguide 400 without interfer-
ence with the incident longitudinal beam. The scanning
in the second plane is accomplished by making the
above-described reflector 604 movable. For example,
the reflector 604 may be oscillated along an arc 804,
thereby changing the angle of the reflected beam from
the reflected path R to a selected alternate reflected path
R’. As one skilled in the art appreciates, the reflector 604
may be rendered movable, by pivotally mounting the re-
flector 604 about a pivot (not shown) and use a linear or
rotary motor or the like (not shown), to swing the reflector
604 about the pivot. The pivot may be advantageously
located at the ends of the reflector 604 or at a location
along the length of the reflector 604; for example, about
the center of the reflector 604. The movement of the re-
flector 604 may be controlled manually, or it may be au-
tomatically oscillated at a predetermined (fixed or varia-
ble) frequency, or it may be oscillated under the control

of an appropriately programmed computer (not shown).
[0033] As mentioned above, a movable or oscillating
reflector 604 in combination with the scanning antenna
element 610 previously described can provide beam
steering or scanning in two dimensions. For example,
the scanning antenna element 610 may provide beam
steering about the azimuth plane, and the movable re-
flector 604 may provide beam steering about the eleva-
tion plane.
[0034] While the antenna system 600, as described
above, employs a rotating diffraction grating drum 620 in
the scanning antenna element 610, other types of scan-
ning antenna elements may be employed. For example,
the scanning antenna element may be provided by mon-
olithic array of controllable evanescent coupling edge el-
ements, as disclosed in commonly-assigned, co-pending
US Application No. 11/956,229, filed December 13, 2007.
Furthermore, the reflector 604 can be made to oscillate
in two orthogonal planes, while the incident beam I may
be propagated in a fixed (non-scanning) direction. In such
an embodiment, the antenna described above with ref-
erence to Figs. 4 and 5 would function merely as a feed
"horn" for the moving reflector.

Claims

1. A planar dielectric waveguide (200, 200’, 400), com-
prising:

a dielectric substrate (202, 402) having first and
second opposed surfaces (204, 205, 404, 405)
defining a substantially longitudinal wave prop-
agation path (208, 410) therebetween; and
a conductive grid on the first surface (204, 404)
of the dielectric substrate (202, 402) and com-
prising a plurality of substantially parallel metal
strips (206, 406), each defining an axis, wherein
each of the metal strips (206, 406) has a cen-
terline, and wherein the centerlines of two adja-
cent metal strips are separated by a spacing s
that is given by the formula s < λ/(1 + β/k), where
β is the wave propagation constant in the die-
lectric substrate (202, 402), k is the wave vector
constant in a vacuum, and λ is the wavelength
of an electromagnetic wave propagating
through the dielectric substrate (202, 402) along
the longitudinal wave propagation path (208,
410) with a defined polarization (210), whereby
the axes of the metal strips (206, 406) in the grid
are substantially parallel to the defined polariza-
tion (210) of the electromagnetic wave, whereby
the grid renders the first surface (204. 404) of
the substrate (202, 402) opaque to the longitu-
dinal electromagnetic wave,

wherein s ≈ V10,
wherein only the conductive grid on the first surface
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(204. 404) of the dielectric substrate (202, 402) com-
prises the plurality of substantially parallel metal
strips (206, 406) and which grid also renders the first
surface (204, 404) of the substrate (202, 402) trans-
parent to a transverse electromagnetic wave prop-
agating along a traverse propagation path (209, 414)
that intersects the first (204, 404) and second (205,
405) surfaces of the substrate (202, 402), the
traverse wave having a polarization direction (211)
substantially normal to the axes of the metal strips
(206, 406).

2. The waveguide of claim 1, wherein the axes of the
strips (206, 406) are substantially normal to the lon-
gitudinal wave propagation path.

3. The waveguide of claim 1 or 2 further comprising a
dielectric reinforcing plate (214) disposed in contact
with metal strips (206), whereby the metal strips
(206) are disposed between the substrate (202) and
the reinforcing plate (214).

4. A leaky waveguide antenna comprising the
waveguide of any of claims 1-3, and a diffraction grat-
ing (408, 508) on the second surface (405) of the
substrate (402).

5. The antenna of claim 4, wherein the diffraction grat-
ing (408) comprises a pattern of grooves in the sec-
ond surface (405).

Patentansprüche

1. Planarer dielektrischer Wellenleiter (200, 200’, 400),
umfassend:

ein dielektrisches Substrat (202, 402) mit ersten
und zweiten gegenüberliegenden Oberflächen
(204, 205, 404, 405), die einen hauptsächlich
längslaufenden Wellenausbreitungsweg (208,
410) zwischen sich abstecken; und
ein leitendes Raster auf der ersten Oberfläche
(204, 404) des dielektrischen Substrats (202,
402) und umfassend eine Mehrheit von haupt-
sächlich parallelen Metallbändern (206, 406),
die jeder eine Achse absteckt, wobei jeder der
Metallbänder (206, 406) eine Mitterachse hat,
und wobei die Mitterachsen von zwei nebenein-
anderliegenden Metallbändern durch einen Ab-
stand s, der durch die Formel s < λ/(1 + β/k)
gegeben ist, abgetrennt sind, wo β die Wellen-
ausbreitungskonstante im dielektrischen Subst-
rat (202, 402) ist, k die Wellenvektorkonstante
in einem Vakuum ist, und λ die Wellenlänge ei-
ner elektromagnetischen Welle ist, die sich
durch das dielektrische Substrat (202, 402) aus-
breitet, dem längslaufenden Wellenausbrei-

tungsweg (208, 410) entlang mit einer definier-
ten Polarisierung (210), wobei die Achsen der
Metallbänder (206, 406) im Raster hauptsäch-
lich parallel sind zur definierten Polarisierung
(210) der elektromagnetischen Welle, wobei
das Raster die erste Oberfläche (204, 404) des
Substrats (202, 402) undurchsichtig macht für
die längslaufende elektromagnetische Welle,

wobei s ≈ λ/10,
wobei nur das leitende Raster auf der ersten Ober-
fläche (204, 404) des dielektrischen Substrats (202,
402) die Mehrheit von hauptsächlich parallelen Me-
tallbändern (206, 406) umfasst und wobei das Raster
auch die erste Oberfläche (204, 404) des Substrats
(202, 402) durchsichtig macht für eine diagonale
elektromagnetische Welle, die sich entlang einem
diagonalen Ausbreitungsweg (209, 414), der die ers-
ten (204, 404) und zweiten (205, 405) Oberflächen
des Substrats (202, 402) überkreuzt, ausbreitet, wo-
bei die diagonale Welle eine in Bezug auf die Achsen
der Metallbänder (206, 406) hauptsächlich normale
Polarisierungsrichtung (211) aufweist.

2. Wellenleiter nach Anspruch 1, wobei die Achsen der
Bänder (206, 406) in Bezug auf den länglaufenden
Wellenausbreitungsweg hauptsächlich normal sind.

3. Wellenleiter nach Anspruch 1 oder 2, ferner umfas-
send eine dielektrische Verstärkungsplatte (214),
die in Kontakt mit Metallbändern (206) angeordnet
ist, wobei die Metallbänder (206) zwischen dem Sub-
strat (202) und der Verstärkungsplatte (214) ange-
ordnet sind.

4. Undichte Wellenleiterantenne umfassend einen
Wellenleiter nach einem jeglichen der Ansprüche
1-3 und ein Beugungsgitter (408, 508) auf der zwei-
ten Oberfläche (405) des Substrats (402).

5. Antenne nach Anspruch 4, wobei das Beugungsgit-
ter (408) ein Muster von Nuten in der zweiten Ober-
fläche (405) umfasst.

Revendications

1. Guide d’onde diélectrique plan (200, 200’, 400) com-
prenant:

un substrat diélectrique (202, 402) ayant des
premières et deuxièmes surfaces opposées
(204, 205, 404, 405) définissant un trajet de pro-
pagation d’onde substantiellement longitudinal
(208, 410) entre celles-ci; et
une grille conductrice sur la première surface
(204, 404) du premier substrat diélectrique (202,
402) et comprenant une pluralité de bandes mé-
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talliques substantiellement parallèles (206,
406), chacune définissant un axe, dans lequel
chacune des bandes métalliques (206, 406) a
une ligne centrale, et dans lequel les lignes cen-
trales de deux bandes métalliques adjacentes
sont séparées par un espace s qui est donné
par la formule s < λ/(1 + β/k), où β est la cons-
tante de propagation d’onde dans le substrat
diélectrique (202, 402), k est la constante vec-
torielle d’onde dans un vide, et λ est la longueur
d’onde d’une onde électromagnétique propa-
geant à travers le substrat diélectrique (202,
402) le long du trajet de propagation d’onde lon-
gitudinale (208,410) avec une polarisation défi-
nie (210), par quel moyen les axes des bandes
métalliques (206, 406) dans la grille sont subs-
tantiellement parallèlles à la polarisation définie
(210) de l’onde électromagnétique, par quel
moyen la grille rend la première surface (204,
4040) du substrat (202, 402) opaque sur l’onde
électromagnétique longitudinale,

où s ≈ λ/10,
où seulement la grille conductrice sur la première
surface (204, 404) du substrat diélectrique (202,
402) comprend la pluralité de bandes métalliques
substantiellement parallèles (206, 406) et laquelle
grille rend également la première surface (204, 404)
du substrat (202, 402) transparente sur une onde
électromagnétique transversale propageant le long
d’un trajet de propagation transversal (209, 414) qui
coupe les premières (204, 404) et deuxièmes (205,
405) surfaces du substrat (202, 402), l’onde trans-
vesale ayant une direction de polarisation (211)
substantiellement normale aux axes des bandes
métalliques (206, 406).

2. Guide d’onde selon la revendication 1, où les axes
des bandes (206, 406) sont substantiellement nor-
maux sur le trajet de propagation d’onde longitudinal.

3. Guide d’onde selon la revendication 1 ou la reven-
dication 2, comprenant en outre une plaque de ren-
forcement diélectrique (214) placée en contact avec
des bandes métalliques (206), par quel moyen les
bandes métalliques (206) sont placées entre le subs-
trat (202) et la plaque de renforcement (214).

4. Antenne guide d’onde à fentes comprenant le guide
d’onde selon l’une quelconque des revendications 1
à 3, et un réseau de diffraction (408, 508) sur la
deuxième surface (405) du substrat (402).

5. Antenne selon la revendication 4, où le réseau de
diffraction (408) comprend un modèle de rainures
dans la deuxième surface (405).
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