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METHODSAND A PPARATUS FQR,IMPLEMENTATION OF AN ANTENNA FOR A WIRELESS

COMMUNICATION DEVICE

This application claims the benefit of U.S. Provisional Application No. 60/623,655, filed on October 29,
2004, entitled "Methods and Apparatus for Implementation of an Antenna for a Wireless Communication Device",
and U.S. Non-Provisional Application No. 11/254,432 entitled "Methods and Apparatus for Implementation of an
Antenna for a Wireless Communication Device", which applications are hereby incorporated by reference in its

entirety.
CROSS-REFERENCE TO RELATED APPLICATIONS

This application relates to commonly assigned patent applications, which are hereby incorporated herein by

reference:
Patent or Attorney
Serial No. Filing Date Issue Date Docket No.
10/770,540 February 2, 2004 SMU-001
6,839,028 August 9, 2002 January 4, 2005 <XXX>
TECHNICAL FIELD

The present invention relates to methods and apparatus for providing a microstrip antenna of compact size

such as may be used in wireless communication devices and the like.

BACKGROUND

The widespread use of cellular telephones and other compact or portable RF communication devices such
as toll-tag readers, identification card readers, and devices for scanning items in inventory has resulted in intense
interest in employing antennas with high efficiency and compact size. The early implementations of mobile cellular
telephony devices were of lunchbox size or larger, and required a power level that generally required a substantial
power source such as provided by an automotive alternator and battery. However, as cellular technology has
evolved with paralleling reductions in size and power requirements, cellular telephones and other portable
communication devices have become small enough to fit easily into the palm of one's hand, and can be operated for
practical periods of time from a small internal rechargeable battery. Similarly, scanners for recognizing tagged

items in inventory have become very compact and portable.

Over the years of development of radio and related telecommunication technologies, numerous antenna
configurations have been developed. An antenna is a circuit element configured to convert RF (radio frequency)
energy flowing in circuit conductors into a radiated form that can propagate freely in space. An antenna exhibits
reciprocal properties in that the same physical configuration can receive as well as transmit radiation with

substantially similar characteristics.

A basic antenna configuration is a dipole which is a conductive line, insulated at both ends, coupled to an
RF power source near, but not necessarily at, its center. A monopole antenna is a variation of a dipole antenna that
consists of half a dipole adjacent to a conductive plane configured to provide a mirrored electromagnetic field that
functionally replaces the missing dipole half. An alternative to a dipole is a conductive loop of wire, also fed from

an RF power source coupled to the wire ends.
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Fuirther'variations ot these-antennarconngurations include the addition of directive and reflective
conductive elements that provide directivity to the radiated sigrual from the antenna, parabolic conductive surfaces to
focus the radiated beam, waveguide termination configurations_, microstrip lines, and combinations of these

approaches.

From a design perspective, an antenna is required to exhibit a number of characteristics to make it a
practical circuit element for use with a communication device. One characteristic is that it exhibits reasonable
“gain”, which relates to its radiation directivity and efficiency. Directivity refers to the directional variation of its
transmitting and receiving properties. Relatively omnidirectioraal transmitting and receiving characteristics are often
desired for portable communication devices, which avoid the need for the user to maintain an orientation of the
device in a particular direction while communicating. Small dipole and loop antennas inherently exhibit

substantially omnidirectional transmitting and receiving charac teristics.

Efficiency refers to the fraction of power that is radiated compared to the total power delivered to the
antenna, a portion of which is lost in the resistance of conductive elements and dielectric media. The need for high
efficiency is related to the use of smaller batteries and smaller ppower processing circuit elements, since the amount
of RF power that would otherwise have to be generated can be reduced. Efficiency is important because batteries

make a significant cost and size contribution to the design of cellular telephones.

Another property of interest is the antenna input impedance. This refers to the ratio of voltage to current,
including any phase difference that is applied to the terminals Of the antenna, and affects possible need for additional
circuit components that would otherwise be included for efficient coupling of power to the antenna. Antenna
bandwidth refers to the variation of any property over a range of frequencies, and is an indication of the antenna’s
utility for a particular band of frequencies that may be allocated for its intended use. Antenna bandwidth is an
important characteristic of antennas intended for use in portable communication devices because the assigned
frequency bands may often have a bandwidth that is 6% — 8% or more of the nominal transmission frequency.
Antenna bandwidth is particularly important for antennas that are small in relation to their wavelength because of

the generally low efficiency of such relatively small antennas.

As the size of cellular telephones has been reduced, thie size of the antenna has also been reduced. Early
cellular telephones utilized a monopole antenna about a quarter wavelength in length, which was often retractable
within the body of the communication device when not inuse. Since the present frequency bands for cellular
communication are at about 1 and 2 GHz, the corresponding length of an extended monopole antenna is about 3.2 or
1.6 inches, respectively. This has been a practical arrangemert for some early portable telephones, but the

continuing pressures of the marketplace provide advantage to products with antennas of even smaller size.

Microstrip antennas, which consist of a conductive strip on an insulating substrate applied over a
conductive surface, have been an important step in reducing amtenna size because of the absence of a mechanical
structure projecting from the end of the telephone, such as a monopole antenna. A microsirip antenna can
effectively be a layered structure on a surface of the telephone requiring little volume without compromising good
transmitting and receiving performance. Nonetheless, the length of the conductive layer has been required to be on
the order of a quarter wavelength in order to achieve reasonab>le antenna performance as measured by input
impedance, antenna gain, bandwidth, or other parametet required by the design. Microstrip length has become a
limitation as cellular telephones continue to shrink. In general, most antennas exhibit a compromise in performance

when their size is substantially smaller than a quarter wavelerngth of the transmitted or received signal.
-
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Télephdiles ifedrporating Monbhéle-and microstrip antennas are described in U.S. Patents 6,633,262
(Shoji, et al.), 6,628,241 (Fukushima, et al.), 6,281,847 (Lee), and 6,133,878 (Lee), which are incorporated herein by

reference.

With widespread utilization of cellular telephones, a new characteristic, specific absorption rate (SAR) has
become a parameter of great importance. SAR refers to the power absorbed in adjacent tissues of the head during
transmitting operation of a cellular telephone. SAR represents a perceived risk for long-term exposure of head
tissues as a consequence of the deep penetration of RF radiation in tissues of biological origin at frequencies used
for cellular communication. Thus, it is desirable that SAR be reduced as much as possible. SAR is already a
characteristic that is limited for cellular devices sold in certain countries such as Japan and Korea, and SAR may
also become limited in devices sold in the U.S. As general uses for compact and portable transmitters become

widespread, personally absorbed radiation will become an issue of greater interest and concern.

Design directions that can be taken to limit SAR are reduction in. transmitted power, which is undesirable
because it limits the useful range of the telephone or other transmitting device, locating the antenna farther from a
person’s head or other body part so as to reduce personal exposure to RF energy, which raises marketability issues
for cellular telephone and other portable or compact products, increasing antenna efficiency so that less power is
required to operate the telephone or other communication device, which is presently a design challenge for small
antennas, and possibly altering the configuration of the antenna and its adjacent structures to reduce strength of the
near-field radiation adjacent the user’s head or other body part without ad versely affecting the antenna radiation

pattern or other antenna attributes such as antenna gain, size, or input imp edance.

There has been extensive research to make microstrip antennas more suitable for use particularly as cellular
telephone antennas, mainly because the conducting ground plane may partially shield electromagnetic radiation of
the near-field area on the backside of the ground plane, where a user’s head is likely to be located. As the size of the
ground plane is reduced, its effectiveness at reducing the near field on the second side of the ground plane is
correspondingly reduced. A popular technique for size reduction of microstrip antennas is to use thin vertical
conductors connecting the radiating patch and the ground plane as in a PIFA (planar inverted F-antenna). However,
as indicated above, antenna size has not been reduced beyond a certain level without compromising antenna
performance. In many practical applications, as in cellular telephones, such limited size reduction may not be

sufficient.

Accordingly, there are needs in the art for new methods and apparatus for configuring an antenna that is
usable with portable or compact communication equipment, that can be configured in sizes significantly less than a
quarter wavelength, yet preserve electrical characteristics of longer antenmas such as input impedance, gain, and
efficiency. Such antennas must be operable over frequency ranges that may extend to 6% - 8% or more in
bandwidth. In addition, the new antenna configuration should exhibit reduced SAR for absorption of
electromagnetic energy in adjacent tissues of the head or in proximate suxrrounding surfaces that are likely to be

exposed during intended operation of the device.
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SUMMARY:

In accordance with one or more aspects of the present invention, a wireless communication device may
include an antenna with at least two conductive elements separated by an insulating medium. The antenna is
configured as a microstrip line that is a conductive strip with a characteristic impedance that may vary along the
length of the strip. The separation distance of the conductive elements is changed at at least one location along the
microstrip line so as to produce a corresponding change in the characteristic impedance of the microstrip line. This
change in conductive element separation distance, which may or may not be abrupt, produces an electrical resonant
frequency of the antenna that is lower than the resonant frequency of an antenna of the same length configured with.

a uniform conductive element separation distance.

In one efnbodiment, one of said conductive elements is preferably configured as a ground plane, and the
other said conductive element is configured as a microstrip line separated from said ground plane by the insulating

medium.

In one embodiment, the change in separation distance of the conductive elements is configured to be
abrupt, producing an abrupt change in the local characteristic impedance of the microstrip line. In a further
embodiment, the conductive strip is insulated from the ground plane except at a point. Preferably, the conductive

strip is shorted to the ground plane at one end, and the other end of the conductive strip is left open.

In one embodiment, the ground plane is formed with a bend proximate an edge. Preferably, the bend is an
angular bend. In a further embodiment, the bend in the ground plane is at substantially a right angle. In a further
embodiment, the ground plane is bent at an angle that is greater than or less than a right angle. In a further
embodiment, the bend is formed along a substantially straight line. In a further embodiment, a gap is formed

between the end of the other said conductive element and the bend in the ground plane.

In one embodiment, the length of an antenna, configured as a microstrip line with at least one change in
conductive element separation distance, is shorter than an antenna with uniform conductive element separation
distance. Antennas that radiate with high efficiency are generally configured with lengths corresponding roughly to
a quarter wavelength of the signal to be transmitted or received with one end open and one end shorted to a ground
reference, or a half wavelength, with both ends open. Antennas can be configured with shorter lengths compared to
a quarter or half wavelength, but antenna efficiency, as measured by a ratio of radiated power to the total power
supplied to its terminals, ordinarily rapidly declines for antenna lengths substantially shorter than a quarter
wavelength. This rapid deterioration of antenna performance for short antennas may be avoided by the invention

herein disclosed.

In one further embodiment, the antenna is configured as a microstrip line with at least two conductive
elements separated by an insulating medium, wherein one conductive element is configured as a ground plane with a.
first side and a second side and at least one edge, and the other conductive element is configured as a first microstrip
line above said first side. In one embodiment the ground plane includes a bend proximate an edge. Preferably, the
bend is an angular bend. The antenna preferably includes a third conductive element, with a first end and a second
end, configured as a second microstrip line above said second side with an effective electrical length that is an odd
multiple of about a quarter wavelength. Preferably, the third conductive element has an effective electrical length
that is about a quarter wavelength. In one embodiment, the third conductive element may also include a bend with a

portion that lies proximate the bent portion of the ground plane. Preferably, the bend in the third conductive element

A
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1S Ik angular DEne: »AIREnsas or-muutpiewavelengths may radiate, but are less useful in certain applications
because of their large size and low efficiency. One end of the strip forming the second microstrip line preferably is
open and configured to lie proximate an edge of said ground plane, and the other end of the second microstrip line is
shorted to the ground plane. The third conductive element is configured as a second microstrip line above the
second side of the ground plane with a characteristic impedance that may vary along the length of the second
microstrip line. Accordingly, recognizing the general impedance inverting characteristics of a quarter wavelemgth
transmission line, the second microstrip line can be configured with a length that is operative to obstruct currents on
the first side of the ground plane from flowing over the edge of the ground plane onto the second side of the ground

plane.

In a further embodiment, the second microstrip line is separated from the second side of the ground plane
with at least one change in said separation distance. A change in separation distance at at least one location al.ong
the microstrip line, and which may be abrupt, is operative to cause a resonant frequency of the second microstrip
line to be lower than a microstrip line with uniform separation distance from a ground plane. Accordingly, the
length of said second microstrip line, which may include a bent portion, can be substantially shorter than a
microstrip line with a uniform separation distance from a ground plane. Preferably, the bent portion is proximate an
edge. Preferably, for efficient antenna operation, at least two changes in said separation distance of the secondd

microstrip line from the ground plane are desired.

In accordance with one or more further aspects of the present invention, the change in said separatiora

distance of said second microstrip line from the ground plane is abrupt.

In accordance with one or more further aspects of the present invention, the second microstrip line is
configured with a curved end and the ground plane is configured with a curved edge. The curved end of the second
microstrip line preferably is open and configured to lie proximate the curved edge of said ground plane. In a further
embodiment, the ground plane may include a bent portion along a curved edge. The second microstrip line may
include a bent portion wherein the bend is formed along the curved edge. Preferably, the bend is an angular bend.
The other end of the second microstrip line is shorted to the ground plane. The second microstrip line thus cam be
configured to be operative to obstruct currents on the first side of the ground plane from flowing over the curved

edge of the ground plane onto the second side of the ground plane.

In accordance with one or more further aspects of the present invention, a lossy magnetic medium may be
applied over all or portions of the second side of the ground plane and over all or portions of the second microstrip
line. The lossy magnetic medium can provide a mechanism to absorb radiated near fields that are a result of RF
current that flows from the first side of the ground plane over an edge onto the second side of the ground plane,
thereby reducing SAR.

In accordance with one or more further aspects of the present invention, a microstrip antenna is confi gured
to lie above two sides of a ground plane by extending its conductive surface around an edge of the ground plaze and

remaining insulated from the edge.

In accordance with one or more further aspects of the present invention, a method includes configurinig an
antenna for a wireless communication device with at least two conductive elements, separating the conductive
elements by an insulating medium, providing thereby a microstrip line with a characteristic impedance that mayy

vary along its length. The separation distance of the conductive elements may be changed abruptly or more
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#gtHeliicrostrip transmission line so as to produce a corresponding change in
the microstrip line characteristic impedance. This change in conductor spacing produces an electrical resonant
frequency of the antenna that is lower than the resonant frequency of an antenna of the same length configured with
a uniform conductive element separation distance from a ground plane. Preferably, for efficient antenna operation,

at least two changes in the separation distance are desired.

In accordance with one or more further aspects of the present invention, a method includes configuring an
antenna for a wireless communication device with at least two conductive elements, separating the conductive
elements by an insulating medium, providing thereby a microstrip line with a characteristic impedance that may
vary along its length, and forming one conductive element as a ground plane with a bend proximate an edge. ‘
Preferably, the method includes forming the bend as an angular bend. Ina further embodiment, the method includes
forming the bend in the ground plane at substantially a right angle. In a further embodiment, the method includes
forming the bend in the ground plane at an angle that is greater than or less than a right angle. In a further
embodiment, the method includes forming the bend along a substantially straight line. In a further embodiment, the

method includes forming a gap between the end of the other conductive element and the bend in the ground plane.

In accordance with one or more further aspects of the present invention, a method includes configuring an
antenna with at least two conductive elements separated by an insulating medium, configuring one conductive
element as a ground plane with a first side and a second side and at least one edge, and configuring the other
conductive element as a first microstrip line abo~ve the first side with an insulating substrate therebetweeen. The
method preferably includes configuring a third conductive element with a first end and a second end as a second
microstrip line above the second side with an effective length that is an odd multiple of a quarter wavelength. The
method preferably includes configuring the third conductive element with an effective length that is a quarter
wavelength. A first end of the second microstrip line is preferably open and proximate an edge of the ground plane
and the second end of the second microstrip line is shorted to the ground plane, so as to obstruct currents on the first
side of the ground plane from flowing over the edge of the ground plane onto the second side of the ground plane.
In one embodiment, the method includes forming a bend in the ground plane proximate an edge. In a further
embodiment, the method includes forming a bend in the third conductive element proximate an edge. Preferably,
the method includes forming the bend in the third conductive element as an angular bend. In a further embodiment,
the method includes forming a bend in the third conductive element proximate an edge at an angle that is
substantially a right angle. In a further embodiment, the method includes forming a bend in the third conductive

element proximate an edge at an angle that is substantially greater than or less than a right angle.

In accordance with one or more further aspects of the present invention, a method includes configuring the
separation distance of the conductive elements of the second microstrip line with abrupt or more gradual changes in
the separation distance at at least one location along the second microstrip transmission line so that it can be
configured with a length that is shorter than a microstrip transmission line with uniform conductive element
separation distance. Preferably, for efficient antenna operation, at least two changes in the separation distance are

desired.

In accordance with one or more further aspects of the present invention, a method includes applying a lossy
magnetic medium over all or portions of the second side of the ground plane and over all or portions of the second
microstrip line, so as to provide a mechanism to absorb radiated near fields that are a result of RF current that flows

from the first side of the ground plane over an edge onto the second side of the ground plane, thereby reducing SAR.
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BRIFF'BESCRIPTIONOF THEDR ASWINGS

For a more complete understanding of the present invention and the advantages thereof, reference is now

made to the following descriptions taken in conjunction with the accompanying drawing, in which:
FIG. 1 illustrates a monopole antenna of the prior art;
FIG. 2 illustrates a microstrip antenna with discontinuities in width;
FIGs. 3a-3d illustrate microstrip antennas in accordance with one or more aspects of the present invention;
FIGs. 4a - 4c illustrate microstrip antennas in accordance with one or more aspects of the present invention;

FIGs. 5a and 5b illustrate microstrip antennas with a second conductive strip ¢ onfigured to reduce currents

on the second side of the ground plane in accordance with one or more aspects of the prresent invention;

FIG. 6a illustrates a microstrip antenna with second and third conductive strips configured to reduce

currents on the second side of the ground plane in accordance with one or more aspects of the present invention;

FIG. 6b illustrates a microstrip antenna with a second conductive strip on the second side of a ground plane

configured to reduce currents in accordance with one or more aspects of the present inv-ention;

FIG. 6¢ illustrates a microstrip antenna with second and third conductive strips on the second side ofa

ground plane configured to reduce currents in accordance with one or more aspects of the present invention;
FIG. 6d illustrates a microstrip antenna in accordance with one or more aspects of the present invention;
FIG. 6e illustrates a microstrip antenna in accordance with one or more aspects of the present invention;

FIG. 6f illustrates a three-dimensional and an edge view of a circular conducti ve strip configured to reduce

currents on the second side of the ground plane in accordance with one or more aspectss of the present invention;

FIG. 6g illustrates a microstrip antenna in accordance with one or more aspects of the present invention,

including a bend in the ground plane proximate an edge;

FIG. 6h illustrates a microstrip antenna in accordance with one or more aspects of the present invention,
including a bend in the ground plane proximate an edge followed by a second bend in the ground plane to form a

ground plane segment over a segment of a conductive radiating strip;

FIG. 6i illustrates a microstrip antenna in accordance with one or more aspects of the present invention,
including a bend in the ground plane proximate an edge, and a third conductive element with changes in separation

distance from the ground plane and including a bend proximate an edge;

FIG. 6 illustrates a microstrip antenna in accordance with one or more aspects of the present invention
including a ground plane with a bend proximate an edge, and a third conductive element with one change in

separation distance from the ground plane and including a bend proximate an edge;

FIG. 6k illustrates a microstrip antenna in accordance with one or more aspects of the present invention,

including a bend with an angle greater than a right angle in the ground plane proximate an edge;

FIG. 6 illustrates a microstrip antenna in accordance with one or more aspects of the present invention,

including a bend with an angle greater than a right angle in the ground plane proximate an edge, and a third



WO 2006/050281 PCT/US2005/039302
condiibfive Lleindnt Sithichanges it dephtativy distance from the ground plane and including a similar bend

proximate an edge;

FIG. 6m illustrates a microstrip antenna in accordance with one or more aspects of the present invention,
including a ground plane with a bend with an angle greater than a right angle proximate an edge, and a third
conductive element with one change in separation distance from the ground plane and including a similar berad

proximate an edge;

FIG. 6n illustrates a microstrip antenna in accordance with one or more aspects of the present invention,
including a bend in the ground plane proximate an edge and a conductive element with a hollow or filled portion and

a sloping surface;

FIG. 60 illustrates a microstrip antenna in accordance with one or more aspects of the present invention,
including a conductive ground plane with a bend proximate an edge, a conductive element with a hollow or filled
portion and a sloping surface, and a third conductive element with changes in separation distance from the ground

plane and including a bend proximate an edge;

FIG. 6p illustrates a microstrip antenna in accordance with one or more aspects of the present invention,
including a conductive ground plane with a bend proximate an edge, a conductive element with a hollow or filled
portion and a sloping surface, and a third conductive element with one change in separation distance from the

ground plane and including a bend proximate an edge;

FIG. 7 illustrates a block diagram of a cellular telephone in accordance with one or more aspects of the

present invention; and

FIG. 8 illustrates a sketch of a cellular telephone set, including a circular conductive strip configured to
reduce currents on the second side of a ground plane in accordance with one or more aspects of the present

invention.
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DETKILED DESERIPFION. OFRILEUSTRATIVE EMIBODIMENTS

The making and using of the presently preferred embodiments are discussed in detail below. It should be
appreciated, however, that the present invention provides many applicable inventive concepts that can be embodied
in a wide variety of specific contexts. The specific embodiments discussed are merely illustrative of specific ways

to make and use the invention, and do not limit the scope of the invention.

Reference is now made to the drawings, wherein like designations indicate like elements, as well as
numerals ending in the same last two digits. Referring initially to FIG. 1, a monopole antenna 100 of the prior art is
illustrated. The monopole antenna 100 includes a conductive wire 101 extending above a ground plane 102. The
monopole antenna is fed through an aperture 125 in the ground plane 102 from a feed point 120 by an RF power
source (not shown). The monopole antenna 100 extendls a distance L above the ground plane 102, typically about a
quarter wavelength at the transmitting or receiving frequency. The ground plane 102 has a width W that is generally

on the order of half a wavelength or more.

An RF current 173 in the conductive wire 101 induces a flow of charge on the topside of the ground plane
102, producing at least partially a mirror image on the ground plane 102 of the current in the conductive wire 101.
The mirrored current creates the effect of a dipole antenna of length 2L. Ideally the width of the ground plane W is
much longer than the wavelength of the radiated signal, but in practice the width W may be comparable to or shorter

than a wavelength.

Current 174 induced on the topside of the ground plane 102 by the RF current 173 in conductive wire 101
encounters a discontinuity in conductivity at the edge of the ground plane 102. The result is to induce a current 175
that flows over the edge of the ground plane 102, and a corresponding current 176 that flows on the backside of the

ground plane 102.

Ordinarily the ground plane 102 would be expected to provide a shielding effect for electromagnetic fields
induced by the conductive wire 101 for the region facing the backside of the ground plane 102. However, as a
consequence of its limited length W and limited dimersion in the cross direction, currents induced on the back side
of the ground plane 102 as described above, act as a radiating source for near fields to the region facing the back

side of the ground plane 102.

If such an antenna arrangement were placed adjacent to a person’s head, a substantial electromagnetic near
field would be coupled thereto by backside currents stach as RF current 176. Thus, disadvantages of this prior art
antenna include the substantial length required for a conductive radiating wire extending above a ground plane 102,

and the substantial electromagnetic near fields that are created on the backside of the antenna system.

Turning now to FIG. 2 illustrated is a microstrip antenna 200 described in co-pending patent application
Serial No. 10/214,746, filed August 9, 2002, and incoxporated herein by reference. The microstrip antenna 200
includes a conductive radiating strip 201 that is separated from a ground plane 202 by an insulating substrate 203.
The conductive radiating strip 201 is fed by an RF po-wer source (not shown) at the feed point 220, which is
preferably coupled off-center to the radiating microstrip 201 to obtain the required antenna impedance, and which
might ordinarily be coupled to an RF power source on the back side of the ground plane 202 through an aperture
225 in the ground plane 202 in a manner that may be similar to the arrangement illustrated in FIG. 1. The center of
the conductive radiating strip 201 is identified in FIG - 2 with the dashed line labeled "cl" (for center line). The

9-
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couplifig-onlthe Vadlside!dFihe grbliid:plare:202 to the feed point 220 may be made with a coaxial c onnector with a

flange grounded to the ground plane (not shown).

The length L of the conductive radiating strip 201 would ordinarily be about or somewhat lesss than a half
wavelength of the signal to be radiated. However, discontinuities in the width of the conductive radiating strip 201,
illustrated in the figure by the unequal widths W1 and W2, provide corresponding discontinuities in the
characteristic impedance of the strip line forming the radiating strip, producing an antenna with a length L
substantially less than half a wavelength but with some properties of an antenna with a length much closer to a half

wavelength.

To create substantial discontinuities in strip line characteristic impedance so as to accommo date a shorter
length of the radiating strip 201, substantial differences in the widths W1 and W2 are used. A strip 1ine with a width
reasonably greater than the separation from the underlying ground plane 202 exhibits a characteristic impedance
roughly proportional to the ratio of its separation distance from the ground plane 202 to its width. Suabstantial
discontinuities in strip line width thus produce substantial discontinuities in characteristic impedance. These
discontinuities result in long edges in the radiating strip 201 such as edges 233 and 234 illustrated ora FIG. 2. The
equivalent magnetic currents at the opening edges 231 and 232 of the conductive radiating strip 201 generally
conduct current in directions opposite to those on edges 233 and 234, which make little net contribution to the
radiated field while the conduction loss remains about the same. The field cancellation effect reduces the efficiency
of this antenna configuration and results in limited opportunity to construct an antenna with short leragth compared

to a half wavelength of the radiated signal without compromising antenna performance.

Turning now to FIG. 3a, illustrated is an edge view of a microstrip antenna 300a with discontinuous
separation distance of a conductive radiating strip 301 from a ground plane, constructed according to principles of
the present invention. The microstrip antenna 300a includes a conductive radiating strip in the form of a microstrip
line, which has an effective electrical length of about a half wavelength, with abruptly changed separation distance
from a ground plane 302. The conductive radiating strip 301 is separated from the conductive groumd plane 302 by
an insulating substrate 303 with varying thickness such as provided by indentations (e.g., grooves) to accommodate
the shape of the conductive radiating strip 301. Itis contemplated that different or similar insulating materials may
be used for the insulating substrate 303 and the dielectric material for the transmission line with this antenna (or
with any of the antennas described hereinbelow). The conductive strip 301 is fed from an RF powert source (not
shown) by a conductor at a feed point 320 to the radiating microstrip 301 through an aperture 325 iz the ground
plane 302 and the insulating subsfrate 303. As described above with reference to FIG. 2, the feed p oint 320 is
preferably coupled off-center to match the input impedance. A coaxial connector 329 with a flanges coupled to the
ground plane 302 may be used to provide low-loss coupling to the feed point 320. Although the an-tenna 300a
includes a coaxial transmission line coupled to the radiating element 301 with a coaxial connector 329, itis
contemplated that other transmission line types can also be used with this antenna (or with any of the antennas
described hereinbelow) such as “twin lead” (parallel conductor line), using any suitable interconnecting

arrangement.

As an example of discontinuous separation distance of a radiating strip above a ground plane, separations
of0.008 inch and 0.25 inch are shown on FIG. 3a. The smaller separation distance preferably is as thin as possible
in view of the requirements of the application, and the larger separation distance preferably is abouxt 0.5% to about

59% of a wavelength. If the larger separation distance is made thicker, the antenna bandwidth is wider and the
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antedifaleffitiencyi§battet: Ihese thatiges miseparation distance from the ground plane 302 with a substantial ratio
provide roughly proportionate changes in the impedance of the strip line formed by the conducting strip 301and the
ground plane 302. The antennas contemplated herein may include abrupt and/or more gradual changes i1 the
separation distance of a radiating element and/or the separation distance of any additional conductive eleament that

may be included in the design to alter a radiation field or other operating characteristic.

As indicated above, characteristic impedance of a strip line varies proportionately as the separation distance
of the strip line from the ground plane. Thus, substantial changes in characteristic impedance are able to be
achieved without introducing long conducting paths with opposing and canceling radiated fields and incuarring
significant power loss. The result is a microstrip antenna with an overall length L that can be substantial 1y shorter
than the length of a microstrip antenna constructed with a uniform separation distance from a ground plamne, but
without compromises in antenna performance. Including two or more changes in separation distance from the
ground plane, the length L can practically be less than one quarter that of a microstrip antenna configured without

changes in separation distance.

Turning now to FIG. 3b, illustrated is an edge view of a microstrip antenna 300b, which has an effective
electrical length of about a quarter wavelength, with discontinuous separation distance of a conductive radiating
strip 301 from a ground plane 302, constructed according to principles of the present invention. Elements of the
antenna 300b on FIG. 3b that are similar to elements on FIG. 3a will not be discussed. The conductive radiating
strip 301 illustrated on FIG. 3a has an effective electrical length of about a half wavelength and is shown with both
ends open. The conductive radiating strip 301 illustrated on FIG. 3b has an effective electrical length of about a

quarter wavelength and has one end open and one end shorted to the ground plane 302 with shorting strip 311.

For the two-step, microstrip design illustrated on FIG. 3b with an equivalent electrical length of a quarter
wavelength, microstrip section lengths of about 0.75 cm., 1 cm., and 0.75 cm. (for a total microstrip length of 2.5
cm.) result in an electrical resonant frequency of about 700 MHz when the dielectric material has a permittivity of
about 1.0. The resonant (quarter wavelength) length of a microstrip line antenna 300b without changes in separation
distance at this frequency is about 10.5 cm. The gain of this antenna in a preferred direction was measured to be

about 0 — 2 dBi, i.e., 0 — 2 dB greater than a reference isotropic radiator.

Turning now to FIG. 3c, illustrated is an edge view of a microstrip antenna 300c with discontirauous
separation distance of a conductive radiating strip 301 from a ground plane 302, constructed according to principles
of the present invention. The embodiment of FIG. 3¢ (and of FIG. 3d as described below) has an advarxtage over the
embodiments of FIGs. 3a and 3b in that it will have a higher efficiency, although at the expense of size. This

embodiment might be useful in applications where size is less critical, e.g., with RF tags used to track large items.

FElements of the antenna on FIG. 3¢ that are similar to elements on FIG. 3a will not be discussed. The
conductive radiating strip 301 in this illustrative example has an effective electrical Iength of about a half
wavelength, and is shown with two changes in separation distance from the ground plane at locations 3 58 and 359.
In this example, the feed point 320 is at a small separation distance from the ground plane, and the ends of the
conductive radiating strip 301 are at a large separation distance. The location of the feed point 320 is preferably
offset from the center of the radiating strip 301 as previously discussed to provide the necessary feed-point
impedance to match that of the RF power source. A coaxial connector 329 with a flange coupled to the ground

plane 302 may be used to provide low-loss coupling to the feed point 320.
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“khe myictaitiplink391 ahd:$helgrdunld plane 302 are preferably fabricated of a material such as copper,

aruuun), silver, or other material or alloy with suitably good conductive properties, with a conductive material
thickness typically on the order of 1 mil. The insulating substrate 303 is preferably fabricated of a mechanically
stable dielectric but preferably with a low relative dielectric constant near 1.0 such as foam, e.g., such as Rohacell
51HF, available from Richmond Aircraft Products, 13503 Pumice St., Norwalk, CA. Using a dielectric material
with a high dielectric constant reduces the antenna size further but results in an antenna with lower efficiency.
General manufacturing techniques including additive and subtractive lithographic processes for forming multi-layer
structures of conductive and insulating materials are well known in the art and will not be described in the interest of

brevity.

Turning now to FIG. 3d, illustrated is an edge view of a microsirip antenna 300d w-ith changes in separation
distance above a ground plane 302, constructed according to principles of the present invention. The conductive
radiating strip 301 illustrated on FIG. 3d has an effective electrical length of about a quarter wavelength and has one
end open and one end shorted to the ground plane 302 with shorting strip 311. The remaininng elements of the

antenna on FIG. 3d that are similar to elements on FIGs. 3a and 3b will not be discussed in the interest of brevity.

Turning now to FIG. 4a, illustrated is an edge view of a microstrip antenna 400a with changes in separation
distance such as 458 and 459 above a ground plane 402, constructed according to principles of the present invention.
Unlike the microstrip antenna illustrated on FIG. 3a the antenna illustrated on FIG. 4a has an even top surface 401,
which may have advantages in manufacturing an end product. In this case, any useful and appropriate material for
fabrication convenience can be used to fill the cavities. In addition, the interior portion of the conductive element
between the locations of the changes in separation distance 458 and 459 may be left hollow or filled with a
nonconductive material. The other elements illustrated on FIG. 4a correspond to similar elexments shown on FIG. 3a
and will not be discussed in the interest of brevity, and the electrical performance of the antenna illustrated on FIG.
4a is substantially similar to that for the antenna illustrated on FIG. 3a. This fill modificatiors can be made to any of

the embodiments disclosed herein.

Turning now to FIG. 4b, illustrated is an edge view of a microstrip antenna 400b with changes in separation
distance 458 and 459 above a ground plane 402, with an even top surface 401, constructed according to principles of
the present invention. Similar to the antenna illustrated in FIG. 4a, the interior portion of the conductive element
between the locations of the changes in separation distance 458 and 459 may be left hollow or filled with a
nonconductive material. The effective electrical length of the microstrip antenna 400b is about a quarter
wavelength. The shorting strip 411 shorts the right end of the microstrip antenna 400b to the ground plane 402. The
other elements illustrated on FIG. 4b correspond to similar elements shown on FIG. 4a and will not be discussed in

the interest of brevity.

Turning now to FIG. 4c, illustrated is an edge view of a microstrip antenna 400c configured with an
electromagnetically transparent enclosure 437 such as a plastic or other dielectric material, o1 whose internal or
external surfaces are disposed the conductive elements of the antenna, constructed according to principles of the
present invention. Preferably, the enclosure is hermetically sealed to prevent ingress of water vapor and other
contaminants. The container may contain a solid dielectric material such as Teflon® or other suitable insulator, or it
may contain a dielectric foam, or a gas such as dry nitrogen, or even a vacuum. The other elements illustrated on

FIG. 4c correspond to similar elements shown on FIG. 4a and will not be discussed in the interest of brevity. Any of
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the offiek-antenna'cbnfipdrations. £fistrated hetein may also be configured with an electromagnetically transparent

enclosure.

Turning now to FIG. 5a, illustrated is an edge view of a microstrip antenna 500a with changes in separation
distance above a ground plane, constructed according to principles of the present invention. The aicrostrip antenna
includes a second conductive strip 510 formed as a microstrip line on the back side of the ground plane 502 with its
left end 511 shorted to the ground plane 502 and its right end 512 electrically open and proximate the edge 523 of
the ground plane 502. The length L of the second conductive strip 510 is preferably configured to be about a quarter

of a wavelength for the signal to be transmitted, but odd multiples of about a quarter wavelength can also be used.

The second conductive strip 510 is operative as a quarter wavelength transformer, providing very large
impedance at the open end. Thus, when a finite voltage is applied at the open end, the current that flows is very

small.

Currents ordinarily conducted around the right edge 523 encounter an open circuit at the frequency of the
signal to be transmitted, and are reflected back onto the top side 522 of the ground plane 502. These currents
beneficially do not appear on the backside of the assembly, and thereby do not contribute to near—field
electromagnetic radiation that might otherwise be coupled to a person's head. Similarly, a third conductive strip can
be located at another edge of the ground plane 502 to reflect currents ordinarily flowing toward that another edge.
The current-reflecting operation of the second or third conductive strip does not depend on the discontinuous
separation distance property of the conductive radiating strip 501, and can thus also be used with an ordinary
microstrip antenna constructed without changes in separation distance from a ground plane. However, the length of

a conductive strip without changes in separation distance will be substantially longer than one with changes.

Turning now to FIG. 5b, illustrated is an edge view of a microstrip antenna 500b with changes in separation
distance above a ground plane, and a shorting strip 511 shorting the right end of the radiating stripp 501 to the ground
plane 502, constructed according to principles of the present invention. The microstrip antenna 500b, which has an
effective electrical length of about a quarter wavelength, includes a second conductive strip 510 configured as a
microstrip line on the back side of the ground plane 502 with one end 511a shorted to the ground plane and its other
end 512 electrically open and proximate the edge 523 of the ground plane. In addition, a third conductive strip 510a
is configured as a microstrip line on the back side of the ground plane 502 with one end coupled mear the shorted
end of the second conductive strip 510 and its other end 512a electrically open. Both conductive strips 510 and
510a are operative to obstruct flow of RF currents on the backside of the ground plane 502.

Turning now to FIG. 6a, illustrated is an edge view of a microstrip antenna 600a with changes in separation
distance from a ground plane, constructed according to principles of the present invention. The microstrip antenna
includes second and third conductive strips 610 and 610a, each with an effective electrical length of about a quarter
wavelength on the second side of the ground plane 602 with one end, e.g., 611 shorted to the ground plane and its
other end, e.g., 612 electrically open as described with reference to FIG. 5a and proximate an edge, e.g., 623 of the
ground plane 602. The second and third conductive strips 610 and 610a are separated from the ground plane 602 by

an insulating substrate, e.g., 603 a.

The second conductive strip 610 is configured with changes in separation distance from the second side of
the ground plane 602. The resulting changes in impedance of this strip line produce an effective electrical length

that is substantially longer than its physical length. Thus, the second conductive strip 610 can be configured as a
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quartériwavilendih tratishiission:Tirlel with & teingth L that may be substantially shorter than a conductive strip with
uniform separation distance from a ground plane 602, creating thereby an open circuit that can reflect RF currents

ordinarily conducted around the right edge 623 of the ground plane 602 back onto the first side of the ground plane.

The RF current-reflecting property of the second conductive strip 610 does not depend on the
discontinuous separation property of the conductive radiating strip 601, and can thus also be used with an ordinary
microstrip antenna without changes in separation distance. In addition, a third conductive strip with changes in
separation distance from the second side of the ground plane 602 can be located on another edge of the ground plane

602 to reflect currents ordinarily flowing toward that another edge.

FIG. 6a also illustrates a lossy magnetic layer 605 applied over the second side of the ground plane 602.
The lossy magnetic layer may cover all or portions of the second side of the ground plane 602 and all or portions of
a conductive strip 601 operative to reflect currents back onto the first side of the ground plane 602. The lossy
magnetic layer 605 provides a mechanism to absorb near field radiation that might be induced on the backside of the
ground plane 602 with only nominal effect on. the radiated far field. Thus, SAR can be further reduced without
substantially affecting the principal radiation characteristics of the antenna. Preferred exemplary materials with
absorptive properties at frequencies used for cellular communication are lossy ferrite materials. Desirable properties
of a lossy magnetic material are a large imaginary component of permeability at the transmitting frequency so as to
provide an absorptive near-field loss mechanism, and low electrical conductivity. While illustrated exemplary with
respect to the embodiment of FIG. 6a, it is understood that the lossy magnetic layer 605 can be utilized with any of

the embodiments described herein.

FIG. 6b illustrates an edge view of a microstrip antenna 600b with discontinuous separation distance of a
conductive radiating strip 601 from a ground plane 602, constructed according to principles of the present inventiora.
The microstrip antenna 600b, which has an effective electrical length of about a quarter wavelength, includes a
conductive radiating strip 601 in the form of a microstrip line with two abrupt changes in separation distance 658
and 659 from a ground plane 602. The conductive radiating strip 601 is separated from the conductive ground plane
602 by an insulating substrate 603 with varying thickness, such as would be provided by indentations (e.g., groovess)
to accommodate the changes in separation distance of the conductive radiating strip 601. The conductive strip 601
is fed from an RF power source (not shown) by a conductor at a feed point 620 through an aperture 625 in the
ground plane 602 preferably using a coaxial connector 629 with a flange coupled to the ground plane 602. The
changes in separation distance from the groumnd plane 602 permit the microstrip antenna 600b to be constructed with
an overall length L that can be substantially shorter than the length of a microstrip antenna constructed with a
uniform separation distance from a ground plane, but without compromises in, and even improving on, antenna
performance. Including the two changes in separation distance 658 and 659 from the ground plane 602, the length L.
can practically be less than one quarter that of a microstrip antenna configured without changes in separation

distance.

The microstrip antenna 600b inclucles second and a third conductive strips 610 and 610a on the second side
of the ground plane 602, separated from the conductive ground plane 602 by insulating substrate 603a with one end
of conductive strip 610 shorted to the ground plane 602 with short 611a, and the other end of each (612 and 612a,
respectively) electrically open as described ~with reference to FIG. 5b. The second and third conductive strips 610
and 610a are preferably configured as quarter wavelength transmission lines. The current-reflecting operation of the

second and third conductive strips 610 and 610a do not depend on the discontinuous separation property of the
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condittive fadiatidg stéy 601 'and tduld bd uged with an ordinary microstrip antenna without changes in separation
distance. The second and third conductive strips 610 and 610a obstruct RF currents from flowing onto the backside
of the ground plane 602 and thereby substantially reduce near-field radiation above the second side (back side) of
the ground plane, i.e., on the side opposite the microstrip antenna. The microstrip antenna 600b preferably includes

a lossy magnetic material 605 to further absorb near-field radiated energy on the backside of the ground plane 602.

Turning now to FIG. 6c¢, illustrated is a three-dimensional view of a microstrip antenna 600c with changes
in separation distance from a ground plane, constructed according to principles of the present invention. The
microstrip antenna, which has an effective electrical length of a half wavelength, includes a second conductive strip
610 on the second side of the ground plane 602 with its left end 611 shorted to the ground plane 602 and its right
end 612 electrically open as described with reference to FIG. 5a and proximate the edge 623 of the ground plane
602. In addition, a third conductive strip 610a is included on the second side of the ground plane 602 with its right
end 611a shorted to the ground plane 602 and its left end 612a electrically open. Both conductive strips 612 and
612a preferably include changes in separation distance, e.g., 658 and 659, from the ground plane as described with
respect to the antennas illustrated hereinabove. The feed point 620 is offset from the center of the radiating strip 601
to provide the necessary feed-point impedance to match that of an RF power source. The center of the radiating
strip 601 is illustrated with the dashed line cl. A coaxial connector (not shown) with a flange coupled to the ground
plane 602 may be used to provide low-loss coupling to the feed point 620 through an aperture 625 in the ground
plane 602.

Turning now to FIG. 6d, illustrated is an edge view of a microstrip antenna 600d with changes in separation
distance from a ground plane 602, constructed according to principles of the present invention. The radiating
conductive strip 601, which has an effective electrical length of a half wavelength, extends beyond the edges of the
ground plane 602 and continues over the backside of the ground plane 602. In this manner, the length L can be
further reduced as well as reducing the size of the ground plane 602. The radiating sirip 601 preferably is fed from
an off-center feed point 620 to provide the necessary feed-point impedance match. The feed point 620 preferably is
coupled to an RF power source using a coaxial connector as illustrated, or, as previously indicated, any other
feeding method such as a stripline feed. In the configuration illustrated on FIG. 6d, the shield of the coaxial cable is
coupled to the radiating strip 601, and the center conductor of the coaxial cable is coupled to the ground plane 602.

Turning now to FIG. 6e, illustrated is an edge view of a microstrip antenna 600e with an equivalent
electrical length of a quarter wavelength, with changes in separation distance from a ground plane 602, constructed
according to principles of the present invention. The radiating conductive strip 601, which has an effective
electrical length of a quarter wavelength, extends beyond the edges of the ground plane 602 and continues onto the
back side of the ground plane 602 in the manner described with respect to FIG. 64, above. In this manner, the length
L of this quarter wavelength antenna can also be further reduced. The thickness of the insulating substrate 603a on
the back side of the ground plane 602 is shown larger than the thickness of the insulating substrate 603 on the top
side of the ground plane 602 so as to improve bandwidth and efficiency, which can be employed with other antenna
configurations described herein. Again, as previously illustrated on FIG 6d, the shield of the coaxial cable is

coupled to the radiating strip 601, and the center conductor of the coaxial cable is coupled to the ground plane 602.

Turning now to FIG. 6f, illustrated is a three-dimensional view and an end view 600f of a conductive strip
610 above a second side (back side) of a ground plane 602 constructed according to principles of the present

invention. The conductive strip 610 is configured with a curved outer end 612 proximate the outer edge of the
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grouhd iplarie 6U2.atldk $eblrated fiond thelgtouhd plane 602 by an insulating medium 603. The conductive strip 610
is further configured with changes in separation distance from the ground plane 602. The central point 611 of the
conductive strip 610 is shorted to the ground plane 602 with a conducting pin. The conductive strip 610 can thus be
configured as a quarter wavelength cylindrical transmission line. The current-obstructing effect of a quarter
wavelength transmission line with one end shorted and one end open is described hereinabove, e.g., with reference
to FIGs.5a and 6a. This produces a high impedance for RF current that might flow over the curved outer edge of the
eround plane 602 onto the back side, as might be induced by an antenna on the opposing side. In this manner, the
troublesome near-field radiation likely to be exposed to a person’s head when using a cellular telephone can be
substantiafly reduced. If the conductive strip 610 is fed off-center, the TM;; mode can be excited to obtain a

radiation pattern similar to that of a dipole.

Turning now to FIG. 6g, illustrated is an edge view of a microstrip antenna 600g with a change in
separation distance of a conductive radiating strip 601 from a folded ground plane 602, constructed according to
principles of the present invention. A microstrip antenna with multiple changes in separation distance of a
conductive radiating strip 601 from a ground plane 602 is in accordance with further aspects of the present
invention. The dimensions illustrated for the antenna on FIGs. 6g through 6p are similar and are operative for
transmitting and receiving frequencies of about 860 MHz. The dimension of the antenna out of the plane of the
figure is about 0.4 inch. The conductive radiating strip 601 is separated from the ground plane 602 by an insulating
substrate 603. A radiating field is effectively produced in the region above the edge 648 of the conductive radiating
strip 601. The dielectric material forming the insulating substrate 603 has a dielectric constant of about 1.0 for the
860 MHz antenna illustrated. To form the small separation distance between the conductive radiating strip 601 and
the folded ground plane 602, a thin dielectric layer 669 of Rogers RO 4003 material with dielectric constant about
3.38 can be formed under the insulating substrate 603. A separation distance of about 0.008 inch is illustrated in the
figure, but an even thinner layer can result in an antenna with even smaller dimensions. The RO 4003 material or a
material of similar type is preferably used to reduce fabrication problems that may occur with foam materials that
can be used to form the insulating substrate 603. A similar application of a thin dielectric layer can be used in any
of the antenna configurations illustrated in the other figures herein of the present invention. An RF power source
(not shown) is coupled to the antenna through the coaxial line 642 and through the coaxial connector 629 such as an
SMA connector (e.g., a SubMiniature version A connector). The location of the feed point 620 for the conductive
radiating strip 601 is selected to obtain the required antenna impedance. For the dimensions shown on the figure,
the antenna impedance is about 50 ohms. Al‘ternatively, a received signal is produced on the coaxial line 642 by the
antenna. The ground plane 602 is formed with a bend 644 proximate an edge, producing a bent portion 641 that lies
out of the original plane of the ground plane 602. The conductive radiating strip 601 illustrated on FIG. 6g has an
effective electrical length of about a quarter wavelength and has one end open 648 and one end shorted to the
ground plane 602 with shorting strip 611. An antenna with a bend in the ground plane constructed in the manner
illustrated in FIG. 6g and as described hereinbelow in FIGs. 6h through 6p is not only compact in size, but also
exhibits substantial bandwidth. Bandwidths as wide as 6% - 8% or more can be achieved, which is of great benefit
to portable communication devices wherein the transmitting or receiving frequency can be readily changed during
ordinary use. The gain of this antenna in a preferred direction is about 0 — 2 dBi, i.e., 0 — 2 dB greater than a

reference isotropic radiator.

Turning now to FIG. 6h, illustrated is an edge view of a microstrip antenna 600h with a change in

separation distance of a conductive radiating strip 601 from a folded ground plane 602. The folded ground plane 602
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inclutisd-a Bend 6445 Hie:folded:tound fplaté 602 proximate an edge, followed by a second bend 664 in the ground
plane 602 to form a ground plane segment 663 over a segment of the conductive radiating strip 601, constructed

according to principles of the present invention.

Turning now to FIG. 61, illustrated is an edge view of a microstrip antenna 600i with a change in separation
distance of a conductive radiating strip 601 from a ground plane 602, constructed according to principles of the
present invention. The microstrip antenna 600i inclucles a second conductive strip 610 formed as a microstrip line
on the back side of the ground plane 602 with its left end 611a shorted to the ground plane 602 and its right end 612
electrically open. The second conductive strip 610 in.cludes two changes in separation distance from the ground
plane 602, illustrated as abrupt changes in the figure. The equivalent electrical length of the second conductive strip
610 is preferably configured to be about a quarter of & wavelength for the signal to be transmitted or received, but
odd multiples of about a quarter wavelength can also be used. The second conductive strip is operative as a quarter
wavelength transformer, providing a very large impeciance at the open end. Thus, when a finite voltage is applied at
the open end, the current that flows into the open end is very small. Currents ordinarily conducted around the right
upper edge 623 encounter an open circuit at the frequency of the signal to be transmitted, and are reflected back onto

the top side 622 of the ground plane 602 as described hereinabove.

Elements in FIG. 6h or in FIGs. 6i through &p below that are similar to elements illustrated in FIG. 6g will

not be re-described in the interest of brevity.

Turning now to FIG. 6], illustrated is an edgze view of a microstrip antenna 600j with one change in
separation distance of a conductive radiating strip 60 1 from a ground plane 602, and a second conductive strip 610
with an equivalent electrical length of a quarter-wavelength on the back side of the ground plane 602 also with one
change in separation distance from the ground plane 602, constructed according to principles of the present
invention. The second conductive strip 610 formed as a microstrip line on the back side of the ground plane 602 has
its left end 611a shorted to the ground plane 602 and its right end 612 electrically open. The second conductive strip

610 is operative to reflect currents back onto the topside of the ground plane 602 as described hereinabove.

Turning now to FIG. 6k, illustrated is an ed.ge view of a microstrip antenna 600k with a change in
separation distance of a conductive radiating strip 601 from a ground plane 602, constructed according to principles
of the present invention. A microstrip antenna with multiple changes in separation distance of a conductive
radiating strip 601 from a ground plane 602 is in accordance with further aspects of the present invention. The
ground plane 602 is formed with a bend 644 proximeate an edge, producing a bent portion 641 that lies out of the
original plane of the ground plane 602. The bend 644 illustrated in FIG. 6k exceeds a right-angle bend that can be
effective for producing an efficient, wide bandwidth antenna. Alternatively, the bend 644 can be formed at an angle

that is less than a right angle.

Turning now to FIG. 6¢, illustrated is an ecige view of a microstrip antenna 600{ with a change in
separation distance of a conductive radiating strip 601 from a ground plane 602, and including a second conductive
strip 610 with an equivalent electrical length of a quarter-wavelength on the backside of the ground plane 602,
constructed according to principles of the present invention. The second conductive strip 610 is formed with a bend
649 proximate an edge, producing a bent portion 6417 that lies out of the original plane of the second conductive strip
610. The bend 649 illustrated in FIG. 60 exceeds a right-angle bend, and, in conjunction with the bend 644 in the
ground plane 602, can be effective for producing ana efficient, wide bandwidth antenna. Alternatively, the bend 649

can be formed at an angle that is less than a right angle.
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Furhirig b %ud. FIG. 6nt.ilhusirated 1sian eage view of a microstrip antenna 600m with a change in
separation distance of a conductive radiating strip 601 from a ground plane 602, and a second conductive strip 610
with an equivalent electrical length of a quarter-wavelength on the back side of the ground plane 602, with only one
change in separation distance from the ground plane 602, constructed according to principles of the present
invention. Both the ground plane 602 and the second conductive strip 610 are illustrated with bends 644 and 649
exceeding a right angle. Alternatively, the bend 649 can be formed at an angle that is less than a right angle. The

bends illustrated in FIG. 6m can be effective for producing an. efficient, wide bandwidth antenna.

Turning now to FIG. 6n, illustrated is an edge view of a microstrip antenna 600n with a change in
separation distance of a conductive radiating strip 601 from a ground plane 602, and including a tapered portion 64-5
of the conductive radiating strip 601, constructed according to principles of the present invention. The interior
portion 643 of the tapered conductive radiating strip may be hollow or filled. The fill material may be conductive or
nonconductive. A gap that may be about 0.080 inch is formed between the right edge 646 of the tapered conductive
radiating strip and the bend 644 in the ground plane 602 to facilitate producing a radiating field above the tapered
conductive radiating strip. The ground plane 602 is formed with a bend 644 proximate an edge, producing a bent
portion 641 that lies out of the original plane of the ground plane 602. The bend illustrated in FIG. 6n is a right-

angle bend that can be effective for producing an efficient, wide bandwidth antenna.

Turning now to FIG. 60, illustrated is an edge view of a microstrip antenna 6000 with a change in
separation distance of a conductive radiating strip 601 from a ground plane 602, including a tapered portion 645 of
the conductive radiating strip 601 as described in conjunctiory with FIG. 6n above, and further including a second
conductive strip 610 with an equivalent electrical length of a quarter-wavelength on the back side of the ground
plane 602, including a change in its separation distance from the ground plane 602, constructed according to
principles of the present invention. The second conductive strip 610 is formed with a bend 649 proximate an edge,
producing a bent portion 647 that lies out of the original plane of the second conductive strip 610. The bend 649
illustrated in FIG. 60 is substantially or exceeds a right-angle bend, and, in conjunction with the bend 644 in the

ground plane 602, can be effective for producing an efficient, wide bandwidth antenna.

Turning now to FIG. 6p, illustrated is an edge view of a microstrip antenna 600p with a change in
separation distance of a conductive radiating strip 601 from a ground plane 602, including a tapered portion 645 of
the conductive radiating strip 601 as described in conjunction with FIG. 6n above, and further including a second
conductive strip 610 with an equivalent electrical length of a quarter-wavelength on the back side of the ground
plane 602, but including a single change in its separation distance from the ground plane 602, constructed according
to principles of the present invention. The ground plane 602 and the second conductive strip 610 may be formed
with bends proximate an edge that are substantially at right angles as shown in FIG. 6p, producing bent portions &41
and 647 that lie out of their original planes. Alternatively, the bends may be formed at angles that are greater tham or
less than right angles. The bends illustrated in FIG. 6k can be effective for producing an efficient, wide bandwidth
antenna. The bending is done such that the impedance of the radiating edge is transformed to the free-space

impedance at the end of the transition.

The antenna of various embodiments can be used in a large number of applications. One example is an RF
tag, such as those used for toll collections, inventory tracking, and the like. Another example is a cellular telephone,
which can especially take advantage of the reduced SAR of various ones of the embodiments. An example of a

cellular telephone is shown in FIGs. 7 and 8 as described below.
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Tutnidg'abWwithFIG, 7, illistrafetlis's representative block diagram of a cellular telephone set 700
constructed according to principles of the present invention. A cellular telephone set 700 is a device configured to
transmit and receive the complex signals necessary to accommodate reliable one-on-one duplex communication in a
multi-party, multi-frequency, multi-base station., mobile environment. The blocks shown on FIG. 7 are not arranged

in a unique manner, but are representative of essential functions that must be performed.

The antenna 701, however, is a basic function in the design of a cellular telephone set 700, not only in. its
being in-line in both the transmitting and receiving paths, but its ability to be implemented in a small size with low
SAR is essential to long term and continued wiclespread use of cellular telephony without concern about possibly
subtle or adverse effects on human health. Thus, the miniaturization of cellular telephones and the reduction of the

near-field radiation pattern on the backside of a ground plane make it an inseparable part of a design.

The remaining parts shown on FIG. 7 are the transmit/receive switch 781 that selectively couples the
antenna 701 to the transmitting or receiving path depending on the state of the set 700. The receiving path includes
a receiver block 782 and a demodulator block 783 that include amplification, filtering, frequency shifting, and
detection functions necessary to extract audio and other information from an incoming signal. Further signal
processing may be performed as necessary by a signal processing block 784 before the signal is coupled to a

loudspeaker 785a.

The transmitting path includes a modulator 788, oscillator 789b, and a transmitter power amplifier 78 9a.
An audio signal is shown generated by a microphone 785b coupled to the signal processing block 784. Both the
transmitting and receiving paths are controlled by the signal processing block, such as represented by block 784, to

provide automatic duplex operation.

Power for operation of all functions is provided by a battery 787a coupled to a power converter 787b that

generally supplies multiple output voltages such as V; and V, to the various functional portions of the circuit.

It is recognized that a practical impleamentation of a cellular telephone requires substantial circuit
integration such as in silicon, which provides numerous opportunities for complex processing and interconnection
among circuit functions. The arrangement on FIG. 7 is intended only to illustrate a general signal flow, and may not

represent the design of a specific product.

Turning now to FIG. 8, illustrated is a sketch of a cellular telephone set 800 constructed according to
principles of the present invention. The cellular telephone set 800 includes a loudspeaker 891, a microphone 894, a
keypad 893, a display 892 and a battery 887a. Controls and other elements, such as power and function buttons are
omitted from the sketch for simplicity.

The cellular telephone set 800 includes a microstrip antenna 800a on the back side of the set 800, with a
conductive strip 810 above a back side of an antenna ground plane (not shown) constructed according to prin.ciples
of the present invention. The microstrip antexina 800a is shown enlarged as 800b. A conductive strip 810 is
circularly configured as shown on the figure with an outer end that is intended to be proximate an outer edge of the
antenna ground plane. The conductive strip 8 10 can be configured to be operative to obstruct RF current flow on
the side of the antenna ground plane facing a person’s head, thereby reducing SAR. Thus, an integrated design ofa
cellular telephone set can be accommodated that is compact, efficient, and operable over extended periods of time

without concern about absorbed radiation and the possible consequences for a person’s health.
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Althotugh s grédent invéritionttial been described in detail and with reference to particular embodiments,
those skilled in the art should understand that various changes, substitutions and alterations can be made as well as

alterative embodiments of the invention without departing from the spirit and scope of the invention in its broadest

form.
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WHAT IS CLAIMED IS:

1. An antenna comprising:

an insulating substrate;

a conductive strip with two ends disposed on a first surface of the substrate, the conductive strip having a
characteristic impedance that may vary along its length wherein the conductive strip is separated from the ground
plane by a separation distance, the separation distance being changed at at least one location along the conductive
strip; and

a ground plane disposed on a second surface of the substrate, the second surface being opposed to the first

surface, wherein the ground plane is formed with a bend proximate an edge.

2. The antenna of claim 1, wherein the conductive strip is insulated from the ground plane except at a point.
3. The antenna of claim 1, wherein the bend in the ground plane is an angular bend.

4. The antenna of claim 1, wherein the bend in the ground plane is substantially a righat angle.

5. The antenna of claim 1, wherein a second bend is formed in the ground plane to form a segment of the

ground plane lying over the conductive strip.

6. The antenna of claim 1, wherein the conductive strip is formed with a tapered section proximate an end.
7. The antenna of claim 6, wherein the tapered section is hollow.
8. The antenna of claim 1, wherein said separation distance of the conductive elements is changed abruptly

along the length of the conductive patch.

9. The antenna of claim 1 and further comprising a feed point proximate the shorted end of said microstrip
line.
10. The antenna of claim 1 and further comprising a lossy magnetic material disposed. over at least a portion of

said ground plane.

11. The antenna of claim 1 and further comprising another conductive element disposed over a side of said

ground plane opposing the conductive strip and insulated from said ground plane except at a point.

12. The antenna of claim 11, wherein the another conductive element has an end that is proximate an edge of

said ground plane and wherein a bend is formed in said another conductive element proxinnate said edge.

13. The antenna of claim 11, wherein the bend formed in said another conductive elexnent is an angular bend.
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4. Theantenna bf cHiith ¥, andFirthiér comprising an insulating material having a varied thickness disposed

between the another conductive element and said ground plane.

15. The antenna of claim 11, wherein the thickness of the insulating material disposed bet-ween the another

conductive element and said ground plane varies abruptly at at least one location.

16. The antenna of claim 1, wherein the substrate is formed from a material with a relative dielectric constant

substantially equal to 1.

17. A method of producing an antenna, the method comprising:

forming an insulating substrate;

configuring a conductive strip on a first surface of the substrate, the conductive strip having a characteristic
impedance that may vary’ along its length, wherein the conductive strip is separated from the ground plane by a
separation distance, the separation distance being changed at at least one location along the conductive strip; and

configuring a ground plane on a second surface of the substrate, the second surface being opposed to the

first surface, wherein a bend is formed in the ground plane proximate an edge.

18. The method of claim 17, wherein the bend is an angular bend.

19. The method of claim 17, wherein said separation distance of the conductive elements is changed abruptly

along the length of the c onductive strip.

20. The method of claim 17, wherein another conductive element is disposed over a side of the ground plane

opposing the conductive strip and insulated from the ground plane except at a point.

21. The method of claim 17, wherein the another conductive element has an end that is proximate an edge of

said ground plane.

22. The method of claim 17, wherein the bend in the ground plane is substantially a righ't angle.

23. The method of claim 17 including forming a second bend in the ground plane to form a segment of the

ground plane lying over the conductive strip.

24, The method o claim 17, wherein the conductive strip is formed with a tapered section proximate an end.
25. An RF commuinication device comprising:
a transmitter;

a receiver; and
an antenna coupled to the transmitter and receiver, the antenna having an insulating substrate, a
conductive strip disposed on a first surface of the substrate, and a ground plane disposed on a second surface of the

substrate, the second surface being opposed to the first surface, wherein the conductive strip is separated from the
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grounid plane by a separation distance, the.separation distance being changed at at least one location along the

conductive strip, and wherein the ground plane is formed with a bend proximate an edge.

26. The device of claim 25, wherein said separation distance of the conductive elements is changed abruptly

along the length of the conductive patch.

27. The device of claim 25 and further comprising another conductive element disposed over a side of the
ground plane
28. The device of claim 25, wherein the another conductive element has an end that is prox imate an edge of

said ground plane.

29. The device of claim 25 , wherein the RF communication device comprises a cellular telephone.

30. The device of claim 25, wherein the RF communication device comprises an RF identification tag.

23



FIGURE 1 PRIOR ART

WO 2006/050281 PCT/US2005/039302

1/29

/ 100
/174
176

173
<

/ 101
»
\125

102
-



FIGURE 2

WO 2006/050281 PCT/US2005/039302

2/29

200

203

202

231

201
/




FIGURE 3a

WO 2006/050281
3/29

300a

325

L

/ «800°0

cl

¢ LOSTO—P ¢

329

PCT/US2005/039302



WO 2006/050281

300b

4/29

329

FIGURE 3b

o
o U]
S = @
o (o8]
A
-
L 8000 >
“OQZ'O—’ —
A 4
[ -
— N
o

1.0cm 0.75cm

0.75cm

PCT/US2005/039302



FIGURE 3¢

WO 2006/050281

300c

5/29

302

359

= 2
/ P
«800°0 » <
o
5 < T
m |
ccOSZO —P —

358

PCT/US2005/039302



FIGURE 3d

WO 2006/050281 PCT/US2005/039302
6/29

o
)
S
N
o
o))
o\
N
«800°0- >l <
o /
o
- on
«0SC0 —
(Vo
(@
on
>
o

303 —— |
358

302



FIGURE 4a

WO 2006/050281

400a

458

7/29

— 403

402

425
429

PCT/US2005/039302



FIGURE 4b

WO 2006/050281

400b

459

L

8/29

411

425
429

PCT/US2005/039302



FIGURE 4c

WO 2006/050281
9/29

400c
437
403

| _—459
\\
\ -

425
429

N

420

458

PCT/US2005/039302



FIGURE 5a

WO 2006/050281 PCT/US2005/039302

10/29

523

512

500a

522

/
.

501

525

52Q
503 /,
502 /Eq
529
511




FIGURE 5b

WO 2006/050281
11/29

500b

i
—
) o
9\
w
O )
[\ (@
[V -
Ug}
<
O
-l
W

PCT/US2005/039302

\\\525
P

501
\

511a

522
47

502

503
512
510

523



PCT/US2005/039302

WO 2006/050281

12/29

019

Be09

€9

2009

S09

B0I19

09

€09

\

B9 HINDIA



PCT/US2005/039302

WO 2006/050281

13/29

2019
629 eZ19

1]

e

¢09

:

119 019
\\\\\\MMHHHM\\\NMo

D—T Y |}

r'd
119

659 859

4009

//// €09

09

109

q9 HINOIA



WO 2006/050281
14/29

600c
602

601
623

620

cl

623a

FIGURE 6¢

659

658

612

612a

611 6lla

610a

PCT/US2005/039302

010



FIGURE 6d

WO 2006/050281

600d

60

N

629

15/29

603

602

620

PCT/US2005/039302



FIGURE 6¢

WO 2006/050281

600e

629

601

620

611

16/29

j\\

603

602

603a

PCT/US2005/039302



600f

FIGURE 6f

WO 2006/050281

603

17/29

611

602

610

PCT/US2005/039302

612



WO 2006/050281

18/29

600g

648
641
644

601

//669/

629

J¢— , 3000

0.31 =

| [«
{

+l:o.1 "

ol

611
603
620

FIGURE 6g

PCT/US2005/039302



FIGURE 6h

600h

WO 2006/050281
19/29

664
641
644

629

611
620

603

PCT/US2005/039302



001

FIGURE 61

WO 2006/050281

647

20/29

620

603

611

61la

PCT/US2005/039302



600j

FIGURE 6

WO 2006/050281

647

21/29

620

603

611

6l1a

PCT/US2005/039302



600k

FIGURE 6k

WO 2006/050281

601
641
« —— 644

22/29

«800°0

—
—
\O

<« . ST°0

602

642

PCT/US2005/039302



600¢

FIGURE 6¢

WO 2006/050281

<t
<t
O

23/29

649

611

610

642

629

PCT/US2005/039302



600m

FIGURE 6m

WO 2006/050281

601

641

647

644

24/29

002

611

610

629

PCT/US2005/039302



WO 2006/050281 PCT/US2005/039302
25/29

600n

645
641
644

646

643

642

FIGURE 6n



WO 2006/050281 PCT/US2005/039302
26/29

6000

649

6lla

611
603

FIGURE 60



WO 2006/050281

600p

FIGURE 6p

647

PCT/US2005/039302

27/29

641




PCT/US2005/039302

WO 2006/050281

28/29

88L

eL8L
pus

H K -

Cp ¢ AUOD _
md

B68L

250 \

PO
qL8L
QuoydOIdIA
2014
313
qs8L
N
> _\(|Tll|l_ r pouwe(

vd |v/F

19eadg

¥8L
BCRL c8L

00L \4

<+«
ONMS
d/L
IAY
\m«ﬁ%ﬁi
10L

I8L
L TINOIA



FIGURE 8

00000000000000000

893
890

<
N
o0

887a

810




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

