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DUAL-BAND

DUAL-ORTHOGONAL-POLARIZATION

ANTENNA ELEMENT

CROSS-REFERENCE TO RELATED

APPLICATIONS

This Application claims the benefit of US. Provisional

Application 61/183,266 filed on Jun. 2, 2009.

TECHNICAL FIELD

The invention is directed to an antenna for transmitting and

receiving radio frequency signals, and more particularly, to a

dual band antenna capable of simultaneously operating with

two orthogonal senses of polarization in each band.

BACKGROUND OF THE INVENTION

Antennas capable ofoperating at multiple frequency bands

are advantageous to many applications ranging from space-

based radar to personal wireless communications. Synthetic

aperture radar (SAR) typically operates in L- and C-bands.

For space-based SAR applications where minimizing the

mass and weight of the radar system is essential to reducing

the overall cost ofthe mission, antennas capable of operating

in multiple frequency bands with multiple polarizations are

beneficial. Dual-band antenna elements are also desirable in

radar applications because of their ability to improve data

collection rates while also allowing for true multifunction

radar (MFR) operation.

Wireless communications networks have shown an

increased number of subscribers as well as an increased

demand for multi-band equipment. Wireless access points

and laptops are both turning towards antennas capable of

operating in multiple frequency bands in order to support

multiple protocol. The 2.4 GHz ISM band is quickly growing

in popularity for wireless communications devices due to its

use in Bluetooth technology and 802.11b/g protocol. For

higher data rates, the frequency band from 5.15-5.85 GHz is

often used, and the 802.11a protocol operates within the 5.2

GHz ISM band. Moreover, the cell phone industry is incor-

porating multi-band antennas into handsets to reduce the

number of antennas required to provide operation for differ-

ent services, e.g. as described in Bodley, Mg: Sarcione, M.,

Beltran. F.; Russell, M., “Dual band cellular antenna,” Wire—

less Applications Digest, 1997., IEEE MTT—S Symposium on

Technologies. pp. 93-98, (February 1997).

Circular polarized (CP) antennas are popular choices in

mobile wireless communications applications owing to their

ability to allow flexible orientation between the transmitter

and receiver antennas and to reduce multipath effects that can

lead to signal fading. The ability to operate withboth left hand

(LH) and right hand (RH) senses of CP (LHCP and RHCP)

allows the system to reuse frequencies and double the system

capacity. In two-way data link systems, information is often

transmittedby means ofpolarization shift keying, a technique

that utilizes orthogonal senses of CP.

Dual-band and dual-polarized antennas have gained

increasing popularity and have element architectures that can

typically be placed into two categories: 1) a single element

with a wide operational bandwidth capable of covering mul-

tiple bands or 2) an element comprised oftwo separate radia-

tors, each ofwhich is optimized for a specific frequency band.

The majority ofthe work done on dual-band elements focuses

on elements that operate with a single polarization state in

each frequency band. There is some work that focuses on
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dual-band elements capable of supporting dual-linear opera-

tion at each band, and a minimal amount of work detailing

dual-CP operation at each band. Moreover, much of the lit-

erature on dual-band operation details dual-band arrays using

interleaved elements. In these designs, separate arrays of

different sized elements are interleaved to form a single,

dual-band aperture.

Microstrip patch antennas using the reactive stub loading

has been shown to provide dual-band operation. However,

each frequency band for this element operates with the same

sense of linear polarization. If multiple feed locations and

stubs are used, dual-linear polarization is possible. This type

of elements has been shown to provide limited control of the

frequency ratio between the two operational bands.

An annular ring patch radiator, e.g. as described in Cai.

C.-H.; Row, J.-S.; Wong, K.-L., “Dual-frequency microstrip

antenna with dual circular polarisation,” Electronics Letters,

Vol. 42, no. 22, pp. 1261-1262 (October 2006), is capable of

providing CP behavior at two separate frequency bands.

When this type of element is operated in CP, the magnetic

currents flow clockwise around the ring slot in a given fre-

quency band, but they will flow counterclockwise at another

frequency band. This behavior provides dual-band behavior,

but each band only operates with a single sense of CP. There

is also limited control over the ratio offrequencies for the two

bands.

The cell phone industry has led to the design of several

dual-band antennas. Duxian Liu; Gaucher, B., “A new multi-

band antenna for WLAN/cellular applications,” Vehicular

Technology Conference, 2004. VTC2004-Fall. 2004 IEEE

60th, Vol. 1, pp. 243-246 (September 2004) describes a design

capable ofcovering multiple frequency bands for cellular and

WLAN applications. This element uses a combination of

inverted-F and L-shaped radiators to cover the multiple

bands. Lindmark, B. “A dual polarized dual band microstrip

antenna for wireless communications.” Aerospace Confer—

ence, 1998. Proceedings, IEEE. Vol. 3. pp. 333-338 (March

1998) describes a dual-band antenna capable of covering

GSM and DCS frequency bands consisting of an aperture

coupled stacked patch design. Joo-Seong Jeon; Sang-Hoon

Park, “Wideband antenna for PCS and IMT—2000 service

band,” Vehicular Technology Conference, 2004. VTC2004-

Fall. 2004 IEEE 60th. Vol. 1, pp. 216-219 (September 2004)

describes a triangular shaped patch employing a U-shaped

slot and L-shaped feed in order to provide a wide bandwidth

capable of covering the PCS and IMT—2000 frequency bands.

In each ofthese elements, the given frequency bands operates

with only a single sense of linear polarization.

Many of the dual-band elements with CP polarization

require complex feed networks consisting of diplexers and

hybrids. US. Pat. No. 5,815,119, “Integrated Stacked Patch

Antenna Polarizer Circularly Polarized Integrated Stacked

Dual-Band Patch Antenna”, Helms et al., issued Sep. 29,

1998, is directed to a design for a dual-band stacked patch

design where each band operates with a single sense ofCP. In

this design, the outputs of a 90° hybrid feed orthogonal loca-

tions on the element to generate CP. US. Pat. No. 6,114,997,

“Low-Profile. Integrated Radiator Tiles for Wideband, Dual-

Linear and Circular-Polarized Phased Array Applications”.

Lee et al., issued Sep. 5, 2000, describes a wideband element

capable of operating with linear, CP, dual-linear, or dual-CP

polarization. The possible polarization states in this element

depend on the configuration of a feed network consisting of

900 and 180° hybrids. US. Pat. No. 6,424,299, “Dual Hybrid-

Fed Patch Element for Dual-Band Circular Polarization
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Radiation”, Cha et al., issued Jul. 23, 2002, describes a dual-

band element with linear or CP operation with a hybrid feed-

ing network.

Dual-band radiating apertures are often achieved by inter-

leaving elements of different sizes, where each type of ele-

ment has its own array lattice structure which in some designs

is achieved by using perforated patches that enable a series of

smaller elements to be placed within holes in the larger, low

band elements. Although these purport to deal with dual-band

apertures, the elements used in the design are inherently

single band. The dual-band nature ofthe aperture stems from

the arrangement of single band elements on different lattice

structures.

There have been few attempts to design elements capable

of simultaneously operating with orthogonal senses of CP.

Jefferson, R. L.; Smith. D. “Dual circular polarised microstrip

antenna design for a passive microwave transponder,” Anten-

nas andPropagation, 1991. [CAP 91., Seventh International

Conference on (IEE). Vol. 1. pp. 141-143 (April 1991) dis-

closes a nearly square microstrip patch element utilizing

orthogonal feed locations to simultaneously generate right

hand CP (RI ICP) and left hand CP (LHCP). This element

operates over a single frequency band.

It would therefore be desirable to provide an antenna hav-

ing the capability to operate in two separate bands, with each

band having the ability to simultaneously operate with dual-

orthogonal polarizations (either dual-linear or dual-circular).

BRIEF SUMMARY OF THE INVENTION

According to the invention, a dual-band, dual-orthogo-

nally-polarized antenna element includes a dielectric sub-

strate having a conductor layer that includes a square ring slot

and a shorted square ring, with each having a pair oforthogo-

nal feed points. The shorted square ring is fed with coaxial

probe feeds, while the square ring slot feeds are striplines

terminated in open-circuited stubs for coupling energy to

each pair of orthogonal feed points. The first and second

stripline feeds are not coplanar in order that each stub termi-

nates past a center point of the element. The square ring slot

operates as a high frequency band radiator and the shorted

square ring operates as a low frequency band radiator, and

both bands radiate substantially simultaneous dual-orthogo-

nally-polarized modes. The modes can be any combination of

dual-Circular Polarization (CP) and dual-Linear Polarization

(LP), with dual-CP operation being obtained by introducing

triangular perturbations at opposing comers of that radiator

for which dual CP operation is desired.

The advantages of this element arise from its ability to

radiate dual-circular or dual-linear polarization at each ofthe

two operational frequency bands. This allows the user to

utilize maximum polarization diversity in a given system. The

four-port feeding allows the polarizations to be used simul-

taneously. The majority of dual-band elements in the litera-

ture are not capable of providing simultaneous dual-CP

operation at each polarization bands.

There are no couplers, hybrids, multiplexers, or active

components required in the feed network which makes the

circuitry simple and cost effective. This provides an advan-

tage over other feeding techniques approaches.

The dual-band nature of this element stems from the pres-

ence of two separate radiating structures. The antenna engi-

neer has flexibility over the dimensions selected for this ele-

ment which, in turn, provides flexibility over the frequency

ratio between the two bands. This provides an advantage over

previous dual-band elements designs.
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The ability of this element to be placed in a uniform array

lattice is another strong advantage for this element. Other

dual-band radiating apertures created from interleaving

arrays of different sizes on different lattice structures prove

difficult to physically arrange their element footprints to

avoid overlapping while at the same time maintain proper

spacing to avoid grating lobes. The present element elimi-

nates the need to interleave elements.

The invention is a dual-band antenna element in which

each band can simultaneously operate with two orthogonal

senses of circular polarization. The element uses a printed

circuit design that provides a low profile, light weight, and

low cost design desirable for integration with laptop technol-

ogy, wireless access points, space born radars, cellular phone

handsets and bases stations, and many other areas of the ever

growing field of wireless communications. The ability to

integrate the dual-substrate capacitive loading technique for

size reduction in this element makes the element suitable for

integration into a dual-band array with uniform lattice spac-

ing; this makes the element attractive to synthetic aperture

radar and multifunction radar applications.

The invention provides the ability to operate in two sepa-

rate bands, with each band having the ability to simulta-

neously operate with dual-orthogonal polarizations (either

dual-linear or dual-circular). Moreover, this element can be

combined with a size reduction technique to allow for it to be

used in array environments. This size reduction of the low

band provides a way to space this element on an array lattice

that can avoid grating lobes at both frequency bands at wide

scan angles.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded side view of a dual-band dual-CP

element according to the invention;

FIG. 2 is an exploded isometric view of a dual-band dual-

CP element according to the invention;

FIG. 3 is a top view ofthe low and high band radiators of a

dual-band dual-CP element according to the invention;

FIG. 4 is a top view of a dual-band dual-CP element

according to the invention;

FIG. 5 illustrates details of orthogonal stripline feeds posi-

tioned in through holes (vias) according to the invention;

FIG. 6 shows a simulated VSWR for a 4-port element

where each band has dual-CP polarization according to the

invention;

FIGS. 7A-D shows the s-parameters of the 4-port antenna

of FIG. 7;

FIG. 8 shows the axial ratio for the low and high band ports

of the 4-port antenna of FIG. 7:

FIG. 9 shows the radiationpatterns for each ofthe CP states

for the low band for the 4-port antenna of FIG. 7;

FIG. 10 shows the radiation patterns for each of the CP

states for the high band for the 4-port antenna of FIG. 7;

FIG. 11 shows the s-parameters for an element with dual-

linear polarization at the low band and dual-circular polariza-

tion at the high band according to the invention;

FIG. 12 is an isometric view of the dual-band element

showing dual-substrate capacitive loading according to the

invention;

FIG. 13 is a top view of the dual-band element layers

showing dual-substrate capacitive loading according to the

invention;

FIG. 14 is a cross-section view of the dual-band element

with dual-substrate capacitive loading according to the inven-

tion; and
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FIG. 15 is an isometric view of the dual-band element

showing dual-substrate capacitive loading according to the

invention:

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIGS. 1-5, a dual-band dual-orthogo-

nally-polarized element 10 according to the invention

includes a stratified arrangement ofmicrowave substrate lay-

ers and planar conductor layers with vertical plated through

holes providing interconnections between specified conduc-

tor layers. Conductor layer 12 includes a square ring slot 14

that operates as a slotted stripline circuit and is the high band

radiator. Conductor layer 12 also includes a shorted square

ring 16 that is present outside of the square ring slot 14 and

serves as the low band radiator. The low band radiator is

shorted to a conductor layer 18 that serves as the ground plane

for the element with plated through holes 20 located at the

inner perimeter ofthe shorted square ring 16. Isosceles trian-

gular perturbations 22 are present at opposing corners ofboth

the shorted square ring 16 and square ring slot 14. The use of

these perturbations creates two, near-degenerate modes that

excite CP with a single feed point. The location of the feed

point with respect to the truncated comers determines the

sense of CP (either right-hand or left-hand). Therefore, by

having two orthogonal feed points 24 (low band) and 25 (high

band) for each band, element 10 as shown is capable of

generating simultaneous dual-CP operation for each fre-

quency range. FIG. 3 illustrates exemplary relative dimen-

sions for element 10, with the shorted square ring 16 having

an outer side length L0 and inner side length L1, and the

square ring slot 14 having outer and inner side lengths of L1

and L2 respectively. The feed points 24 and 25 and triangular

perturbations 22 are also indicated.

The square ring slot 14 is fed with orthogonal stripline

feeds 26. These stripline feeds 26 pass through underneath of

the square ring slot 14, and they are terminated in open

circuited stubs 287m FIG. 4, a hidden stub 28 is actually

situated under the other stub 28 as per the following discus-

sion. In many instances, the ideal stub length for achieving the

best axial ratio and impedance match results in the feed line

ending past the center point of the element. If the orthogonal

feed lines were present in the same plane, they would physi-

cally intersect as they passed this center point. In order to

eliminate this problem, a thin substrate termed herein the feed

substrate 30 is placed at the center of the dielectric profile.

The two stripline feeds 26 are printed on opposing surfaces of

the feed substrate 30. The feed substrate 30 is then sand-

wiched between two other dielectric substrate layers 32 and

conductors 12 and 18 are present on the top and bottom ofthe

sandwiched dielectric profile. Stubs 28 accordingly are not

coplanar with each terminating at or past the center point but

without one stripline feed 26 contacting the other stripline

feed 26.

The stripline feeds 26 for exciting the high band element

must pass through plated through holes 20 that provide the

shorting mechanism for the shorted square ring 16. An illus-

tration of the orthogonal stripline feeds 26 passing through

the plated through holes 20 (also termed “vias”) is shown in

FIG. 5. These plated through holes 20 serve multiple pur-

poses. First, they are used as the shorting mechanism for the

shorted square ring 16. Additionally, they act as mode sup-

pressors for the parallel plate mode that can be generated from

the stripline feeding the square ring slot 14. Stripline-fed slots

can be subject to power loss, low efficiency, and degraded

pattern shape as a result ofthe parallel plate mode. It is known

that vias suppress the parallel plate mode in slot-coupled
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patch antennas fedby stripline feed networks, e. g. by employ-

ing vias surrounding the slot. The presence of the vias

improves the gain by increasing the available power for radia-

tion. In the present element design, the shorting vias for the

low band element improve the efficiency of the high band

element by working to eliminate the propagation of the par-

allel plate mode.

Simulations indicate that stripline feeds 26 have a negative

effect on the polarization purity for the low band element. In

order to avoid this, the stripline feeds 26 for the square ring

slot 14 are transitioned to a microstrip layer 33 present

beneath the antenna ground plane. The microstrip layer 33

consists of a microwave substrate layer 34 and orthogonal

microstrip feeds 36. Plated through holes 38 are present to

provide electrical continuity between the microstrip feeds 36

and the stripline feeds 26. FIG. 4 shows this transition in

section view. The transition occurs just outside of the square

ring slot 14. The plated through hole 38 passes through a hole

40 in the conductor layer18, and the two transmission lines

have matched impedance. A detailed view ofthis transition is

provided in FIG. 5. The presence of the microstrip layer

beneath the conductor layer 18, which serves as the antenna

ground plane, also provides a convenient location for inte-

grating active components into the antenna design if neces-

s .

The low band shorted square ring 16 is fed by orthogonal

feed probes 42. These feed probes can be realized as coaxial

probe feeds or plated through holes from transmission lines

present on the microstrip layer that contains the feeding

microstrip lines for the high band element.

An element using this technique was designed with the

goal to cover the 2.45 GHz and 5.8 GHz ISM bands with

dual-CP operation at each band. The element used a feed

substrate of thickness 0.004" with a dielectric constant of

2.33. The feed substrate was sandwiched between 0.060"

thick dielectric layers with the same properties as the feed

substrate. The microstrip layer beneath the antenna ground

plane was a 0.030" thick layer ofthe same dielectric material

used on for the antenna.

The simulations for this element were carried out using

CST Microwave Studio, a computational electromagnetic

tool using the Finite Integration Technique. The simulated

impedance match was seen to provide excellent results in

both polarizations for each band. The simulated VSWR is

shown in FIG. 6. The four ports all show a VSWR <2.0:l in

the given frequency band. A more detailed look into the

s-parameters of the four-port antenna is provided in FIGS.

7A-D. This figure plots sij for each ofthe four ports. The band

and polarization for the four ports are defined in Table 1.

TABLE 1

 

Port Definition Used in Simulations of Dual-Band Dual-CP Antenna Element 

 

Port Frequency Band Polarization

1 5.8 GHz ISM Band RHCP

2 5.8 GHz ISM Band LHCP

3 2.45 GHz ISM LHCP

Band

4 2.45 GHz ISM RHCP

Band

 

The results indicate that each port has a return loss greater

than 10 dB (i.e. sii<—10 dB) in its operational band: this

corresponds to aVSWR <2.0:l as shown in FIG. 6. The plots

also show that there is isolation greater than 25 dB between

the high and low band ports. The two high band port isolation
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(|s21|,|s12|) has a maximum value greater than 40 dB at the

center ofthe band. The port-to-port isolation between the low

band ports (|s43|,|s34|) is much lower than that of the high

band ports. This finding is similar to that in the literature for

dual-polarized microstrip patch antennas. When a square

patch radiator operates with dual-linear polarizations, an iso-

lation exceeding 20 dB is typically feasible. However, when

the comers of the patch are perturbed to achieve dual-CP

operation, the orthogonal modes couple strongly to each

other. It has also been shown that this port-to-port isolation

can be increased at the expense ofimpedance match and axial

ratio.

In addition to showing good impedance match and isola-

tion performance, this element also shows excellent circular

polarization purity (axial ratio) for all polarization states. The

axial ratio for the low and high band ports is plotted in FIG. 8.

The low band has a minimum axial ratio of0.33 dB occurring

at 2.44 GHz, and the axial ratio is below 3 dB over the

majority of the 2.45 GHz ISM band. The high band element

has a much broader CP bandwidth, which is typical of slot

elements. The highband element has a minimum axial ratio of

0.32 dB for RHCP and 0.89 dB for LHCP. In both cases, the

minimum axial ratio occurs at 5.9 GHz. The high band ele-

ment has an axial ratio better than 3 dB from 5.6-6.1 a band-

width of 8.5%.

The radiation patterns for each of the CP states are plotted

in FIG. 9 for the low band and FIG. 10 for the high band.

These plots show the co- and cross-pol plots for two orthogo-

nal planes (¢:0°, 90°). These patterns show broadside co-pol

patterns in all cases with low cross-pol levels. The low cross-

pol levels are reflective of the excellent axial ratio perfor-

mance in this element.

The previously described element provides each band with

dual-CP polarization. However, this element is not restricted

to circularly polarized applications. The possible polarization

combinations are defined in Table 2.

TABLE 2

 

Possible Polarization States for Dual-Band Dual-Polarization Antenna Ele-

ment 

Low Band Polarization High Band Polarization

 

Dual-Circular Pol.

Dual-Linear Pol.

Dual Circular Pol.

Dual-Linear Pol.

Dual-Circular Pol.

Dual-Circular Pol.

Dual-Linear Pol.

Dual-Linear Pol.

 

Referring now to FIG. 4, dual-linear polarization is main-

tained in either or both of the radiators by retaining the cor-

ners (shown by the dotted lines), i.e. by not introducing the

triangular perturbations at the two opposing comers of the

radiator(s) intended for linear polarization operation. As an

example, an element was also designed that has dual-linear

polarization at the low band and dual-circular polarization at

the highband. The s-parameters for this element are plotted in

FIG. 11. This element uses the 2.45 GHz ISM band for the low

band and the 5.8 GHz ISM band for the high band. The

dual-linear low band and dual-circular high band radiators

exhibit excellent port-to-port isolation.

The size ofthe low band element is the limiting factor in the

array lattice spacing for this dual-band element. In cases with

large separation between the two bands, the low band element

will force a large element spacing that will lead to poor

scanning performance and the early introduction of grating

lobes at the high frequency. The dual-substrate capacitive

loading technique described in Dorsey, W. M.: Zaghloul, A.
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I., “Size reduction and bandwidth enhancement of shorted

annular ring (SAR) antenna.” Antennas and Propagation

Society International Symposium, 2007 IEEE, pp. 897-900

(June 2007), and incorporated herein by reference, can be

used to reduce the size of the low band element, and thus

reduce the overall footprint of the dual-band element. FIGS.

12-15 illustrate a dual-band element 100 with this dual-sub-

strate capacitive loading technique. Capacitive vias 102 are

placed around the outer perimeter 104 of the shorted square

ring 16. These vias 102 provide electrical continuity to a

capacitive load ring 104. A high dielectric constant substrate

106 is present beneath the capacitive load ring 104. The

capacitance of the load structure increases as the capacitive

patch 108 width increases, the capacitive substrate 106

dielectric constant increases, or the separation between the

capacitive patch 108 and the ground plane 18 decreases. The

size of the low band element 100 reduces as the capacitance

increases, thus facilitating array placement.

Thus, while the present invention has been described with

respect to exemplary embodiments thereof, it will be under-

stood by those of ordinary skill in the art that variations and

modifications can be effected within the scope and spirit of

the invention.

What is claimed as new and desired to be protected by

Letters Patent of the United States is:

1. A dual-band, dual-orthogonally-polarized antenna ele-

ment, comprising:

a first dielectric substrate having a first surface and a sec-

ond surface;

a conductor layerpositioned on the first dielectric substrate

first surface, comprising:

a square ring slot; and

a shorted square ring; and

a feed substrate positioned on the first dielectric substrate

second surface, comprising means for exciting the

square ring slot and the shorted square ring whereby the

square ring slot operates as a high frequency band radia-

tor and the shorted square ring operates as a low fre-

quency band radiator and both the high and low fre-

quency bands radiate substantially simultaneous dual-

orthogonally-polarized modes.

2. The antenna element of claim 1, wherein:

the square ring slot and the shorted square ring each include

triangular perturbations at opposing comers;

the means for exciting the square ring slot and the shorted

square ring comprises:

a pair of orthogonal feed points for each of the square

ring slot and the shorted square ring; and

a first stripline feed terminated in an open-circuited stub

for coupling energy to one of the pair of orthogonal

feed points of the square ring slot;

a second stripline feed terminated in an open-circuited

stub for coupling energy to the other of the pair of

orthogonal feed points of the square ring slot; and

wherein the first and second stripline feeds are not copla-

nar such that each said stub terminates past a center

point of the element.

3. The antenna element of claim 2, wherein the feed sub-

strate is positioned between the first dielectric substrate and a

second dielectric substrate, and wherein the second dielectric

substrate has a conductor layer on a surface opposite the feed

substrate.

4. The antenna element of claim 1, wherein the element is

configured such that both radiators when excited radiate the

same type of dual-orthogonally-polarized mode selected

from either dual-Circular Polarization (CP) or dual-Linear

Polarization (LP).
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5. The antenna element of claim 1, wherein the element is

configured such that one radiator when excited radiates a

dual-Circular Polarization (CP) and the other radiator a dual-

Linear Polarization (LP).

6. The antenna element of claim 1, further comprising a

means for dual-substrate capacitive loading.

7. The antenna element of claim 6, wherein the means for

dual-substrate capacitive loading comprises a capacitive load

ring, capacitive vias positioned around an outer perimeter of

the shorted square ring and a high dielectric constant sub-

strate positioned against the capacitive load ring.

8. A dual-band, dual-orthogonally-polarized antenna ele-

ment, comprising:

a first dielectric substrate having a first surface and a sec-

ond surface, and having a conductor layer positioned on

the first surface, said conductor layer comprising:

a square ring slot;

a shorted square ring; and

a pair of orthogonal feed points for each of the square

ring slot and the shorted square ring;

a feed substrate having a first surface and a second oppos-

ing surface, comprising:

a first stripline feed terminated in an open-circuited stub

for coupling energy to one of the pair of orthogonal

feed points of the square ring slot; and

a second stripline feed terminated in an open-circuited

stub for coupling energy to the other of the pair of

orthogonal feed points ofthe square ring slot; wherein

the first and second stripline feeds are not coplanar

such that each said stub terminates past a center point

of the element;

a second dielectric substrate having a first surface posi-

tioned against the feed substrate and a second surface

with a conductor layer thereon; and
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a microstrip layer positioned on the conductor layer ofthe

second dielectric substrate, comprising a microwave

substrate layer and a pair oforthogonal microstrip feeds;

whereby the square ring slot operates as a high fre-

quency hand radiator and the shorted square ring oper-

ates as a low frequency band radiator and both the high

and low frequency bands radiate substantially simulta-

neous dual-orthogonally-polarized modes.

9. The antenna element of claim 8, further comprising a

plurality of plated through holes outside of the square ring

slot.

10. The antenna element of claim 8, wherein:

the square ring slot and the shorted square ring each include

triangular perturbations at opposing comers.

11. The antenna element ofclaim 8, wherein the element is

configured such that both radiators when excited radiate the

same type of dual-orthogonally-polarized mode selected

from either dual-Circular Polarization (CP) or dual-Linear

Polarization (LP).

12. The antenna element ofclaim 8, wherein the element is

configured such that one radiator when excited radiates a

dual-Circular Polarization (CP) and the other radiator a dual-

Linear Polarization (LP).

13. The antenna element of claim 8, further comprising a

means for dual-substrate capacitive loading.

14. The antenna element of claim 13, wherein the means

for dual-substrate capacitive loading comprises a capacitive

load ring, capacitive vias positioned around an outer perim-

eter of the shorted square ring and a high dielectric constant

substrate positioned against the capacitive load ring.


