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[57] ABSTRACT 

A photonic bandgap antenna (PBA) (10') utilizes a periodic 
bandgap material (PBM), which is essentially a dielectric, to 
transmit, receive, or communicate electromagnetic radiation 
encoded with information. Further, a photonic bandgap 
transmission line (PBTL) (10") can also be constructed with 
the PBM. Because the PBA (10') and PBTL (10") do not 
utilize metal, the PBA (10') and PBTL (10") can be used in 
harsh environments, such as those characterized by high 
temperature and/or high presslire, and can be easily built into 
a dielectric structure such as a building wall or roof. Further, 
the PBA (10') and PBTL (10") inhibit scattering by incident 
electromagnetic radiation at frequencies outside those elec­
tromagnetic frequencies in the bandgap range associated 
with the PBM. 

20 Claims, 7 Drawing Sheets 
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ELECTROMAGNETIC ANTENNA AND 
TRANSMISSION LINE UTILIZING 
PHOTONIC BANDGAP MATERIAL 

FIELD OF THE INVENTION 

The present invention generally relates to electromagnetic 
antennas and transmission lines, and more particularly, to a 
photonic bandgap antenna (PBA) and a photonic bandgap 
transmission line (PBTL), each of which utilizes a photonic 
bandgap (PBG) material (PBM) for transmitting, receiving, 
and/or communicating electromagnetic energy. 

BACKGROUND OF THE INVENTION 

The operation of an electromagnetic antenna (such as 
used in radar or communication systems) is described in 
numerous textbooks and references, such as that by Jasik, 
Antenna Engineering Handbook or Papas, Theory of Elec­
tromagnetic Wave Propagation. An antenna serves to trans­
mit or receive electromagnetic waves as they propagate 
through a medium, such as air or free space. The operation 
of electromagnetic transmission lines are also described in 
numerous textbooks and references, such as that of Collin, 
Foundations of Microwave Engineering or Plonsey and 
Collin, Principles and Applications of Electromagnetic 
Fields. A transmission line, such as a microwave waveguide 
or stripline, confine, direct, and transmit the electromagnetic 
energy without radiating it through free space and thus may 
allow a source to be coupled to an antenna at a location 
remote from the source. 

Antennas and transmission lines are typically made from 
electrically conducting materials, such as metals, including 
copper, brass, or aluminum. Antennas can be made to take 
a variety of geometrical configurations, depending in large 
part upon the wavelength(s) of energy communicated and 
the need to directionally transmit the energy. Thus a para­
bolic shaped antenna might be used to transmit a large 
percentage of energy in a specific direction or a wire might 

2 
nor corrosive environments where chemical reactions may 
reduce their electrical conductivity, thus making them inop­
erable. High temperatures, high pressures, and the presence 
of liquids, such as water, cause a breakdown and degradation 

5 in the metal structure. As a result, in these harsh 
environments, metal antennas eventually suffer severe dam­
age and are thereby rendered nonfunctional. 

Metallic antennas and transmission lines exhibit a high 
reflectivity (R) of electromagnetic energy at frequencies 

10 other than the electromagnetic frequencies at which they are 
intended to operate, i.e. exhibit out-of-band scattering. For 
example, a parabolic metallic reflector antenna has a surface 
power reflection coefficient near unity over the complete HF, 
VHF, UHF, microwave, and millimeter wave frequency 

15 region. Reflectivity may remain large even into the infrared 
and visual part of the electromagnetic spectrum. Thus, two 
metallic antennas which are designed to operate at different 
frequency bands may scatter electromagnetic energy from 
one another and thus interfere with each other's perfor-

20 mance. For example, an X-band (nominally 8 to 12 
Gigahertz, GHz) antenna could not be placed in front of an 
S-band (nominally 2-4 GHz) antenna without interfering 
with the S-band performance by blocking and scattering 
energy transmitted from the S-band antenna or scattering 

25 energy meant to be received by the S-band antenna. 
The elimination or reduction of out-of-band electromag­

netic scattering from antennas and transmission lines would 
be a great advantage for applications where scattering must 
be minimized. Attempts have been made to accomplish this 

30 reduction by using reflecting films made from metallic films 
which are etched to make periodic resonant surfaces, i.e. 
frequency selective surfaces (FSS); however, these surfaces 
still suffer from the aforementioned adverse effects resulting 
from their metallic composition and thus may not withstand 

35 environmental extremes. Further, these FSS surfaces are 
typically very thin films and thus are parasitic and may not 
contribute to the structural integrity of an antenna or trans­
mission line. 

be used to transmit electromagnetic energy over a large 40 
angular sector. Similarly, electromagnetic transmission lines 
may be constructed in different geometrical shapes. A few 
examples are a cylindrical, rectangular, or ridged waveguide 

SUMMARY OF THE INVENTION 

Another object of the present invention is to overcome the 
environmental, electromagnetic scattering, and structural 
deficiencies and inadequacies of the prior art antennas and 
transmission lines as noted above and as generally known in or a coaxial transmission line. 

It also is desirable that antennas and electromagnetic 45 
transmission lines be robust in their resistance to harsh 

the industry. 
Another object of the present invention is to provide a 

durable antenna and/or transmission line which can operate 
within and withstand harsh corrosive environments, includ­
ing those characterized by high temperature, high pressure, 

environments, including corrosive environments or environ­
ments with extreme temperatures and/or extreme pressures. 
Examples are as follows. Antennas must operate on space 
vehicles and must continue operation and endure extreme 
temperatures and pressures upon reentry of the space vehicle 
into the earth's atmosphere. Antennas and transmission lines 
may be used in subsurface well logging, particularly on oil 
and gas exploration equipment that must operate under 
caustic, high temperature, and high pressure conditions. In 
microwave sintering applications, such as in the manufac­
ture of high purity ceramics or metals, antennas and trans­
mission lines must operate very close to the material to be 
melted. Other environmentally demanding applications for 
antennas include radio frequency (RF) pumping processes in 
Tokamak reactors for hydrogen fusion, radio frequency 
sputtering processes, and plasma enhanced chemical vapor 
deposition (PECVD) processes. 

As previously stated, the conductive metallic architecture 
of antennas can make them vulnerable to the aforementioned 
harsh environmental conditions since many metals having 
very high conductivities cannot withstand high temperatures 

50 and/or the presence of liquids. 
Another object of the present invention is to provide an 

antenna and/or transmission line which has little, if no, metal 
components. 

Another object of the present invention is to provide an 

55 antenna and/or transmission line which has a substantially 
nonmetal geometrically-shaped structure for transmitting 
and/or receiving electromagnetic energy and which is effi­
cient in operation. 

Another object of the present invention is to provide an 
60 antenna and/or transmission line which is substantially non­

metal for transmitting and/or receiving electromagnetic 
energy and which can be incorporated directly within the 
structural makeup of a building, aircraft, spacecraft, ship, or 
other structure which would normally require the antenna to 

65 be a separately attached part. 
Another object of the present invention is to provide an 

antenna and/or transmission line which is efficient in opera-
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radome, which has previously been employed for shielding 
space vehicle antennas. For this application, the PBM which 
makes the PBA or the PBTL could be assembled from 
non-conducting temperature-resistant ceramics, such as 

tion and which is substantially nonmetal but has reduced 
electromagnetic scattering or reflection at frequencies out­
of-band, i.e. at frequencies other than the operating electro­
magnetic frequencies of the antenna and/or transmission 
line. 5 silica (SiO:J or silicon nitride (SiN). 

Another object of the present invention is to provide an 
antenna and/or transmission line which can operate within 
much higher temperature environments than metallic anten­
nas. 

Another advantage of the present invention is that the 
PBA can be communicated with via waveguides formed 
from standard metallic or PBM (to make a PBTL). In the 
context of a space vehicle, this configuration would allow 

Another object of the present invention is to provide an 
antenna and/or transmission line which are simple in design, 
inexpensive to manufacture, and reliable in operation. 

Briefly described, the present invention provides for a 
novel photonic bandgap antenna (PBA) and a novel photo­
nic bandgap transmission line (PBTL), each of which uti­
lizes a photonic bandgap (PBG) material (PBM) for 
transmitting, receiving, communicating, and/or coupling 
electromagnetic energy, or waves. 

10 the receiver/source and processing elements of the radar to 
be placed away from the space vehicle's leading edge, where 
the PBA is placed. All receiving and processing elements are 
thus placed within the protection of the space craft body. 

Another advantage of the present invention is that the 

The PBA has an antenna feed for communicating energy 
between the PBA and support circuitry dedicated to recep­
tion and/or transmission processing. The antenna feed for 
the antenna can be any element for communicating energy 
between the PBA and the support circuitry, and when in the 
transmission mode, for exciting the antenna. For instance, 
the feed could be an open-ended waveguide, an electrical 
element (e.g., a dipole), or a periodic bandgap (PBG) 
material (PBM), or some other interface mechanism or 
medium. 

15 PBA or PBTL have minimal electromagnetic scattering at 
frequencies away from the operating bands of PBA or 
PBTL. In other words, the PBA or PBTL, which are without 
substantially any metal components, do not generate elec­
tromagnetic reflections resulting from incident electromag-

20 netic radiation at frequencies which are not in the photonic 
bandgap. This feature makes the novel PBA or PBTL useful 
in reducing scattering to another antenna transmitting at 
frequencies out of the photonic bandgap. Further, other 
electrical transmitting or receiving systems within the vicin-

25 ity of the novel PBA or PBTL are not adversely affected by 
stray reflected radiation, or electromagnetic interference 

In accordance with a significant feature of the present 
30 

invention, the PBA is made of PBM, which exhibits a 
photonic bandgap (PBG) and which transmits and/or 
receives electromagnetic energy. The PBM can be, for 
example but not limited to, a plastic or ceramic, and thus, the 
PBA can be shaped, constructed, or configured in many 35 
typical antenna geometries and configurations, such as 
paraboloidal, spherical, reflecting plates, elliptical horn, or 
pyramidal horn, for transmitting and/or receiving electro­
magnetic energy. 

Furthermore, the PBA may be formed in a two- 40 
dimensional (2D) configuration or a three-dimensional (3D) 
configuration. As an example, the PBA could be made in the 
shape of a 2D horn antenna with a V-shaped cross sectional 
channel for coupling the electromagnetic energy. In the 
foregoing configuration, the PBA is made using PBM that 45 
has a dielectric permittivity E that varies periodically in two 
dimensions in order to achieve the desired functionality. As 
other examples, the PBA could be formed in a three dimen­
sional (3D) configuration, such as in the shape of a 3D horn 
(e.g., circular, pyramidal, etc.), or a dish reflector antenna. In 50 
the latter configurations, the PBA is made from a material 
which has a periodically varying dielectric permittivity in 
each of three dimensions in order to achieve the desired 
functionality. 

In accordance with another embodiment of the present 55 
invention, a transmission line can be constructed from PBM 
and is referred to herein as a photonic bandgap transmission 
line (PBTL). As with the PBA, the PBTL can be made of a 
plastic or ceramic, and thus, the PBTL can be shaped, 
constructed, or configured in many geometries and configu- 60 
rations. Moreover, the PBTL can exhibit 2D as well as 3D 
configurations, as previously described. 

In addition to achieving all of the aforementioned objects, 
the PBA and PBTL of the present invention have numerous 
other advantages, a few of which are delineated hereafter. 65 

An advantage of the PBA is that it may be employed on 
a space vehicle without the need for a ceramic cover, i.e., a 

(EMI). 

Another advantage of the present invention is that the 
PBA or PBTL may be formed as an integral part of a 
mechanical structure. As a result, dielectric struts may be 
disposed in a desired periodic manner. In fact, the PBA may 
be formed, for example, within the structure of an aircraft, 
building, or other body so the antenna becomes a part of the 
load bearing structure and electromagnetic energy is trans­
mitted from and/or received via a PBA which is part of the 
surrounding structural surface. 

Another advantage of the present invention is that a 
cooling liquid may be circulated over or within periodically 
placed channels and voids which are used to make the PBM 
that is used to shape a PBA or PBTL. The liquid may be used 
to cool the structure and thus improve performance in 
extreme temperature environments. Further, by alternating 
cooling liquids with differing dielectric properties, the 
operational band of the PBA or PBTL may be varied because 
the use of differing dielectric fluids will change the fre-
quency band at which the photonic bandgap appears. This 
feature is unlike the case with metal antennas where a 
cooling liquid in general inhibits antenna performance and 
may corrode and degrade the structure. 

Another advantage of the present invention is that the 
PBA or PBTL can be made from widely available and 
inexpensive electrically lossless as well as somewhat lossy 
materials, for example but not limited to, pyrex, alumina 
(Al20 3) sapphire, silica (Si02), epoxy, and titanium oxide 
(Ti02)· 

Other objects, features, and advantages of the present 
invention will become apparent to one with skill in the art 
upon examination of the following drawings and detailed 
description. All such additional objects, features, and advan­
tages are intended to be included herein within the scope of 
the present invention, as is defined in the appended claims. 

BRIEF DESCRlPTION OF THE DRAWINGS 

The present invention can be better understood with 
reference to the following drawings. The drawings are not 
necessarily to scale, emphasis instead being placed upon 
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clearly illustrating principles of the present invention. 
Further, in the drawings, like reference numerals designate 
corresponding parts throughout the several views. 

FIG. IA is a high level block diagram illustrating a 
photonic bandgap antenna (PBA) system and method of the 
present invention wherein a photonic bandgap material 
(PBM) is utilized to construct the PBA of the system for 
coupling electromagnetic energy; 

FIG. 1B is a high level block diagram illustrating a 
photonic bandgap transmission line (PBTL) system and 
method of the present invention wherein a PBM is utilized 
to construct the transmission line of the system for commu­
nicating electromagnetic energy; 

FIG. 2A is a graph illustrating transmissivity (T) versus 
frequency (f) typical for the PBM of FIG. I; 

FIG. 2B is a graph illustrating reflectance (R) versus 
frequency (f) typical for the PBM of FIG. I; 

FIG. 3 is a perspective view of an example of a PBM that 
is periodic in two dimensions for use as the PBA of FIG. I; 

FIG. 4 is a perspective view of an example of a PBM that 
is periodic in three dimensions for use as the PBA of FIG. 
I; 

FIG. 5 is a cross sectional view of a 2D horn antenna 
system that has the PGM (periodic in two dimensions) of 
FIG. 3 and that was used in an experiment performed in 
support of the utility of the present invention; 

FIG. 6 is an electromagnetic radiation pattern correspond­
ing with the 2D horn antenna system of FIG. 5; 

FIG. 7 is a perspective view of a 3D horn antenna system 
employing the PBM (periodic in three dimensions) of FIG. 
4; 

6 
for example, a transmission line (e.g., coaxial cable, twin 
lead, etc.) for communicating electrical energy, a waveguide 
for communicating an electromagnetic wave, etc. 

The PBA IO' is made from, or comprises, a photonic 
5 bandgap (PBG) material (PBM) in the present invention. A 

PBM, sometimes referred to as a photonic crystal in the art, 
is a dielectric structure that has periodic changes in dielectric 
composition (or dielectric permittivity) and that exhibits a 
transmissivity (T) and reflectivity (R), as shown in FIGS. 2A 

10 and 2B, respectively. Transmissivity (T) is the ratio of 
transmitted electric field strength Et to the incident electric 
field strength E;, and reflectivity (R) is the ratio of reflected 
electric field strength Er to the incident electric field strength 
Bi. As is illustrated in FIG. 2A, the transmissivity curve 

15 exhibits a reduced transmissivity at electromagnetic fre­
quencies within the bandgap BG between frequencies f1 and 
f2• In the bandgap BG, the reflectivity is near unity ("LO"), 
as illustrated in FIG. 2B. It has been known that in the 
bandgap BG, the PBM exhibits a high reflectivity to elec-

20 tromagnetic energy at frequencies within the bandgap BG 
and low reflectivity at frequencies away from the bandgap 
BG. After extensive research by the inventors herein, it was 
determined that at frequencies in the bandgap BG, the PBM 
can be operable as a PBA IO' for transmitting or receiving 

25 electromagnetic energy encoded with information. In a 
sense, the antenna shaped PBM acts like a metal antenna 
within the bandgap BG and acts like a dielectric material 
outside of the bandgap BG. 

30 Photonic Bandgap Transmission Line (PBTL) 

FIGS. SA and SB jointly illustrate a· 3D dish antenna 
system employing the PBM (periodic in three dimensions) 35 

of FIG. 4; specifically, FIG. SA shows a perspective view, 
and FIG. SB shows a cross-section of the perspective view 

Referring to FIG. lB, a photonic bandgap transmission 
line (PBTL) system I6 comprises receive and/or transmit 
(RX/TX) circuitry I7 for providing electrical reception 
and/or transmission processing support, respectively, and 
the PBTL 10" connected to the circuitry I7, as indicated by 
arrow IS. Just as the PBA 10', the PBTL of FlG. 1B is made 
from, or comprises in substantial part, a PBM. Further, the 
PBM exhibits a bandgap BG, transmissivity (T), and reflec-in FIG. SA taken along line SB'-8B'; and 

FIG. 9 is a perspective view of a3D patch antenna system 
employing the PBM (periodic in three dimensions) of FIG. 40 
4. 

tivity (R), as shown in FIGS. 2A and 2B. 

The RX/TX circuitry I7 of FIG. 1B is well known in the 
art and can take a variety of configurations. The RX/TX 
circuitry I2 may be any suitable receiver, transmitter, or 
transceiver. The PBTL 10" communicates electromagnetic 

DEfAJLED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention provides for a novel photonic 
bandgap antenna (PBA) 10', as illustrated in FIG. IA, and a 
novel photonic bandgap transmission line (PBTL) IO", as 
illustrated in FIG. IB. Significantly, each utilizes a photonic 
bandgap (PBG) material (PBM), which is generally a dielec­
tric (e.g., plastic, ceramic, etc.), for transmitting, receiving, 
and/or communicating electromagnetic energy. 

45 
waves with frequencies in the photonic bandgap to and/or 
from the RX/TX circuitry I7. 

It should be further noted that the PBA 10' of FIG. 1A may 
be implemented in a particular embodiment via a PBM. 
Hence, in this configuration, the combination of the RX/TX 

50 circuitry 12 and antenna feed 14, both of FIG. lA, is 
analogous to the combination of the RX/rX circuitry lS and 
PBTL 10", both of FlG. lB. 

Photonic Bandgap Antenna (PBA) Periodic Bandgap Material 

The PBM used to make the PBA 10' (FlG. IA) and the 
PBTL 10" (FlG. lB) will now be described in more detail 
hereafter. The PBM is characterized by a periodicity in 
dielectric properties in two dimensions or three dimensions. 
Periodicity refers to a repeated change in dielectric compo-

With reference to FIG. IA, a PBA system 11 comprises 55 
receive and/or transmit (RX/IX) circuitry I2 for providing 
electrical reception and/or transmission processing support 
respectively, an antenna feed connected to the RX/TX 
circuitry 12 as indicated by arrow 13, and a PBA 10' 
connected to the antenna feed I4, as indicated by arrow 15. 

The RX/TX circuitry 12 is well known in the art and can 
take a variety of configurations. The RX/TX circuitry 12 
may be any suitable receiver, transmitter, or transceiver. The 
antenna feed I4 communicates the propagating electromag­
netic wave with frequencies in the photonic bandgap from 65 
the RX/TX circuitry I2 to the PBA IO' and/or vice versa. The 
antenna feed I4 may be any suitable connection mechanism, 

60 sition. As examples, FlG. 3 shows a PBM 21 that is periodic 
in two dimensions, and FlG. 4 shows a PBM 31 that is 
periodic in three dimensions. Both the PBM 21 and the PBM 
31 can be utilized to form the PBA 10' (FIG. lA) or the 
PBTL 10" (FlG. lB). 

With reference to FlG. 3, the 2D PBM 21 includes a 
plurality of parallel elongated cylindrical elements 22 situ­
ated in a material 23 and extending orthogonally to the 
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direction in which electromagnetic radiation 25 is incident to 
the material 21. In general, electromagnetic radiation is 
coupled at any angle incident to the x-z plane, but is 
generally not in the direction along the y-axis, as will be 
further described hereinafter. The elongated cylindrical ele- 5 

ments 22 and the material 23 are both dielectric materials, 
but in order to establish periodicity in the x-z plane, their 
corresponding dielectric characteristics (i.e., dielectric 
permittivity) are different. For example, the elements 22 
may be formed from a dielectric material having a low 10 

permittivity E 1, and at the same time, the material 23 may 
be formed from a dielectric material having a high permit­
tivity E 2, or vice versa. The elements 22 may be holes 
(perhaps filled with air or other gases), voids, fluids, or 
solids. Further, the material 23 may be a gas, fluid, or solid. 15 

The 2D PBM 21 can be positioned to filter incoming 
electromagnetic energy 24 polarized along the y-axis, which 
extends parallel to the longitudinal axes of the elements 22. 
The 2D PBM 21 reflects substantially all the incident 
electromagnetic energy 24 having this polarity and having 20 

the frequency within the range of the bandgap BG (FIG. 2). 
More specifically, the electromagnetic energy within the 
frequency range of the bandgap BG and polarized along the 
longitudinal axes of the elements 22 is substantially pre­
vented from propagating through the material 21. Thus, the 25 

material 21 operates as a band stop filter. The material 21 is 
most effective for electromagnetic energy propagating in 
any incident angle of the x-z plane. The material 21 main­
tains a substantially constant electromagnetic behavior over 
the bandgap frequency range for radiation propagating along 30 

any incident angle in this plane. 
A further feature of the PBM 21 (as well as the 3D 

dielectric material 31 of FIG. 4) is that the center frequency 
fc of the bandgap BG, the bandwidth of the bandgap BG 
(i.e., the stop band), and the bandgap transmissivity T can be 35 

tailored for any frequency range in the microwave to ultra­
violet bands (i.e., about 106 to about 1015 Hz) during the 
fabrication of the structure. The transmissivity T of the 
bandgap BG is proportional to the number of rows of 
elements 22. Thus, the transmissivity can be decreased by 40 

providing additional rows. Moreover, the center frequency fc 

of the bandgap BG can be computed in accordance with the 
following equation: 

8 
parallel, such as the first and third layers, are offset such that 
the rods 32 of one are about at the midpoint between the rods 
32 of the other. A 4-layer periodicity is thus produced, and 
successive layers are stacked to form a 3D structure which 
exhibits a bandgap BG. 

It should be emphasized that the embodiments of FIGS. 3 
and4 are merely examples and thatthe PBA 10' (FIG. l) can 
be implemented with any suitable PBM, either 2D or 3D. In 
fact, other suitable 3D embodiments are shown in FIGS. ~ 
of U.S. Pat. No. 5,335,240 to Ho et al. 

2D PBG Horn Antenna 

To demonstrate the operability and utility of the present 
invention, a 2D PBG horn antenna system 40 having a 2D 
horn PBA 41 made of a PBM that is periodic in two 
dimensions and constructed as illustrated in FIG. 5. The 2D 
horn PBA 41 (or PBM) was constructed by suspending a 
grid, or matrix, of elongated cylindrical rods 42, shown in 
cross-section in FIG. 5, in air via a suitable support mecha­
nism. The matrix of the PBM was fifty coles by ten rows of 
rods 42 and had a V-shaped channel 43 therein serving as the 
propagation source. The rods 42 measured approximately 1A 
inch in diameter, were spaced apart by approximately Y2 inch 
(about ')J2 apart), and had a dielectric permittivity E equal 
to about 4.2. Moreover, based upon the rod diameter, asso­
ciated dielectric permittivity E , spacing, and thickness, the 
bandgap BG associated with the PBM was determined to be 
between about 8 GHz (f1) and about 10 GHz(f2) on the 
electromagnetic spectrum. 

As further shown in FIG. 5, the 2D horn PBA 41 was 
excited in an anechoic chamber via transmit circuitry 12 and 
an antenna feed 14 connected thereto and passing within the 
V-shaped channel 43 of the PBM of 2D horn PBA 41. The 
feed 14 comprised a transmission line and a dipole probe 14', 
which excited the PBM of 2D horn PBA 41 and caused the 
material 41 to propagate electromagnetic radiation in the 
direction indicated by a reference arrow in FIG. 5. 

FIG. 6 shows a radiation pattern which was measured 
from the 2D PBG horn antenna system 40 of FIG. 5. 
Measured data is indicated by solid lines, whereas predicted 
data is indicated by solid dots. As is illustrated in FIG. 6, the 
2D PBG horn antenna system 40 exhibits an electromagnetic 
radiation pattern which substantially corresponds with that 

fc=[13.8(13/µE)Y2Ya GHz 45 of a conventional metal horn antenna. Moreover, the back 
lobe 51 of the pattern may be· minimized or eliminated by 
increasing the thickness behind the V-shaped channel 43 of 
the PBM of horn PBA 41. 

where E =dielectric permittivity of the substrate material, 
µ=magnetic permeability of the substrate material, and 
a=triangular lattice constant which corresponds to the dis­
tance in centimeters between centers of adjacent elements 50 

22. The location of the bandgap BG on the frequency scale 

In addition to constructing antennas employing 2D PBG 
bodies, many embodiments are possible for implementing 
an antenna having a PBM that is periodic in three 
dimensions, or a 3D PBG antenna. As examples, FIG. 7 
shows a 3D PBG pyramidal horn antenna system 60, FIGS. 
SA and SB show a 3D PBG dish antenna 70 and FIG. 9 

is determined by the center frequency fc. The size of the 
bandgap BG is determined by the radius of the cylindrical 
elements 22 and the triangnlar lattice constant associated 
therewith. 55 shows a 3D PBG patch antenna 80. 

The 3D PBM 31 shown in FIG. 4 is described in detail in 
U.S. Pat. No. 5,335,240 to Ho et al., the disclosure of which 
is incorporated herein by reference. Generally, the 3D PBG 
material 31 is formed by a plurality of layers, each being 
formed by a plurality of rods 32 separated by a given spacing 60 
33. The material of the rods 32 contrasts with the material 
between the rods to have a refractive index contrast of at 
least 2. The rods in each layer are arranged with their axes 
parallel and at a given spacing. Adjacent layers are rotated 
by 90°, such that the axes of the rods 32 in any given layer 65 

are perpendicular to the axes in its neighbor. Alternating 
layers, that is, successive layers of rods 32 having their axes 

3D PBG Horn Antenna 

Referring to FIG. 7, the 3D PBG horn antenna system 60 
comprises a 3D horn PBA 61, or horn aperture, which is 
disposed within a block 62 of a 3D PBM, for example but 
not limited to, that which is shown in and described relative 
to FIG. 4. The 3D horn PBA 61 has four sides in structure 
in this specific embodiment, but obviously, many other 
configurations are possible, such as a pyramidal horn having 
more or less sides or a conical horn. The 3D horn PBA 61 
may be open to the propagation medium, or it may be filled 
with a material, which serves as an open throughway for the 
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electromagnetic radiation, so that the swface 65 of the block 
62 remains continuous. In other words, the 3D PBG horn 
antenna system 60 can be formed as an integral part of an 
existing mechanical structure. 

The 3D horn PBA 61 is connected at its vertex 63 to a feed 
64, which is in the form of a rectangular waveguide in this 
particular embodiment. The rectangular waveguide may 
have metallic walls or use the surrounding PBM, if desired. 
It should be further emphasized that the 3D horn PBA 61 
may be excited or monitored via an electrical element 
situated at its vertex 63, for example, an antenna probe (e.g., 
a dipole), or some other suitable interface mechanism. 
Further, the feed 64 is preferably connected to an RX!fX 
circuitry 12 (FIG. 1). 

Many mechanisms and techniques are known in the art for 
interfacing energy within the waveguide feed 64 with an 
electrical circuit, such as receive circuitry or transmit cir­
cuitry. Examples include a photodiode or a coaxial cable 
having its center conductor exposed in the waveguide chan­
nel. Further, many mechanisms and techuiques are known 
for concurrently interfacing both transmit and receive cir­
cuitry with the waveguide feed 64 so as to implement a 
transceiver. An example is the well known "magic T" 
waveguide fitting. 

3D PBG Dish Antenna 

FIGS. SA and SB illustrate a 3D PBG dish antenna system 

10 
Sl of a substrate S2, which may for example be part of an 
integrated circuit. The patch antenna system SO comprises a 
planar PBA S3 which is produced from a 3D PBM, such as 
that shown in and described relative to FIG. 4. The planar 

5 PBA S3 has an inside and outside periphery, as illustrated in 
FIG. 9, and transcends downwardly into the substrate 82 at 
a suitable depth, depending upon the desired operating 
frequency, radiation pattern, and other factors. Centrally 
located within the inside periphery of the planar PBA S3 is 

10 a waveguide feed 84. The waveguide feed 84 is interfaced 
with RX!fX circuitry 12 (FIG. lA) as described previously. 
The patch antenna system 80 of FIG. 9 can propagate and/or 
receive electromaguetic energy to and/or from the swface Sl 

15 of the substrate 82. The patch antenna system SO has all of 
the advantages of the previous embodiments, particularly 
the feature that propagation and reception of electromag­
netic energy can be accomplished without the use of metal. 

Furthermore, the 3D PBG patch antenna system 80 may 
20 be open to the propagation medium, or it may be filled with 

a material, which serves as an open throughway for the 
electromagnetic radiation, so that the associated swface Sl 
of the substrate 82 remains generally continuous. In other 

25 words, the 3D PBG patch antenna system SO can be formed 
as an integral part of an existing mechanical structure. 
Furthermore, it should be noted that the waveguide feed 84 
may utilize surrounding PBM, if desired, so that the feed 84 

70 in accordance with the present invention. The 3D PBG 
dish antenna system 70 comprises a concave main reflector 30 

PBA 71 that serves as the radiating/receiving PBA 10' (FIG. 

is analogous to the PBTL of FIG. lB. 
It will be obvious to those skilled in the art that many 

variations and modifications may be made to the described 
embodiments without substantially departing from the spirit 
and scope of the present invention. All such variations and 

1), a subreflector 72, and a waveguide feed 73, all of which 
are formed within a block 74 of 3D PBM, for example but 
not limited to, that which is shown in and described relative 
to FIG. 4. The waveguide feed 73 is preferably connected to 
RX!fX circuitry 12 (FIG. 1) as previously described, rela­
tive to the horn antenna system 60 (FIG. 7). 

35 modifications are intended to be included herein within the 
scope of the present invention, as set forth in the following 
claims. 

The 3D PBG dish antenna system 70 may be open to the 
propagation medium, or it may be filled with a material, 40 

which serves as an open throughway for the electromagnetic 
radiation, so that the associated swface remains continuous. 
In other words, the 3D PBG dish antenna system 70 can be 
formed as an integral part of an existing mechanical struc­
ture. Furthermore, it should be noted that the waveguide 45 

feed 73 may have metallic walls or use the surrounding 
PBM, if desired, so that the feed 73 is analogous to the PBTL 
of FIG. lB. 

Operation of the dish antenna SO is as follows. In a 50 

transmit mode, electromagnetic energy incident from the 
waveguide feed 73 strikes the subreflector 72 then travels 
toward the main reflector PBA 71, where it is collimated into 
the main beam. In a receive mode, an incident plane wave 
strikes the main reflector PBA 71, is redirected toward the 55 

subreflector 72, and is again redirected into the waveguide 
feed 73. Finally, just as with the 3D PBG horn antenna 
system 60 (FIG. 7), the 3D PBG dish antenna system 70 may 
be constructed as an integral part of a mechanical structure 60 
by filling the main reflector PBA 71 with a material which 
permits passage of electromagnetic energy operating at the 
appropriate carrier frequency. 

Wherefore, the following is claimed: 
1. An antenna comprising a photonic bandgap material 

that is adapted to transmit or receive electromagnetic waves 
encoded with information. 

2. The antenna of claim 1, wherein said photonic bandgap 
material is periodic in two dimensions. 

3. The antenna of claim 1, wherein said photonic bandgap 
material is periodic in three dimensions. 

4. The antenna of claim 1, wherein said antenna is 
nonplanar. 

5. The antenna of claim 1, wherein said antenna is planar. 
6. The antenna of claim 1, wherein said antenna is 

concave. 
7. The antenna of claim 1, further comprising an antenna 

feed which is made from a photonic bandgap material and 
which is connected to said antenna and adapted to commu­
nicate energy to or from said photonic bandgap material 
associated with said antenna. 

S. The antenna of claim 1, further comprising a feed 
having a waveguide for interfacing energy with said photo­
nic bandgap material. 

9. The antenna of claim 1, further comprising a feed 
having a dipole for interfacing energy with said photonic 
bandgap material. 

10. The antenna of claim l, wherein said antenna is 
shaped like a horn. 

3D PBG Patch Antenna 
11. The antenna of claim 1, wherein said antenna resides 

65 within a semiconductor substrate. 
A novel planar patch antenna system SO is illustrated in 

FIG. 9. The patch antenna system 80 is situated on a plane 
12. The antenna of claim 1, wherein said photonic band­

gap material comprises a ceramic material. 
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13. A method, comprising the steps of: 
12 

17. The method of claim 13, wherein said photonic 
bandgap material is periodic in three dimensions. communicating energy encoded with information to a 

photonic bandgap material; and 
transmitting electromagnetic radiation encoded with said 

information from said photonic bandgap material. 

18. The method of claim 13, wherein said photonic 
bandgap material has a wave interface surface which is 

5 
non planar. 

14. The method of claim 13, wherein said step of com­
municating includes the step of passing said energy through 
a waveguide to said photonic bandgap material. 

15. The method of claim 13, wherein said step of com­
municating includes the step of passing said energy to said 10 

photonic bandgap material via a wire element. 
16. The method of claim 13, wherein said photonic 

bandgap material is periodic in two dimensions. 

19. The method of claim 13, wherein said photonic 
bandgap material has a wave interface surface which is 
planar. 

20. The method of claim 13, wherein said photonic 
bandgap material has a concave wave interface surface. 

* * * * * 


