P100462 PACKAGED INTEGRATED ANTENNA FOR CIRCULAR AND LINEAR POLARIZATIONS
Background Of The Invention 5 (1) Field of the Invention The invention relates to the dielectric resonator
antennas an]gl]?%gg particularly, to packaged dielectric resonator antennas having circular and linear
polarizations and high radiator efficiency. 10 (2) Description of the Prior Art Design of compact and fully

integrated antennas, i j ' (ﬁ gﬁén aﬁﬁér (RF) front end
products for wweleiséémﬁﬁﬁ%ﬁ?%@{?o%ﬁf#m% {gﬁ |‘%]sE eﬁgﬁtﬁ%ﬁgtem dimensions,
an integrated antenna has, as usual, small ?,I@grigze}ﬂﬁ@gﬁqymust operate with a finite 15 "ground
plane”, which has a great influence on the ret s§'a result in a low forward-to-backward ratio.
The conventional integrated patch antennas suffer from low radiation efficiency, high sensitive fabrication
tolerances, and narrow bandwidth. In particular, in Song, C.T.P. et al, "Packaging technique for gain
enhancement of electrically small antenna designed on gallium arsenide", Electronics Letters, Vol. 36, 20
Issue 18, 31 Aug. 2000, pp. 1524 -1525> 4K &htdihe ') BtV dPackage consisting of a printed feed

with a parasitic radiator (Fig. 1) was proposed. The antenna system in the package has the overall
dimensidns 6F20£2bRBthsnT R SFovides linear polarization

The invention relates to the dielectric resonator antennas and, more particularly,
to packaged dielectric resonator antennas having circular and linear polarizations and

high radiator efficiency.

10 (2) Description of the Prior Art
Design of compact and fully integrated antennas is a major challenge in the

development of modern radio frequency (RF) front end products for wireless
communications. Due to natural physical limitations on the RF system dimensions, an
integrated antenna has, as usual, small electrical size and must operate with a finite

15  “ground plane”, which has a great influence on the return loss and may result in a low
forward-to-backward ratio. The conventional integrated patch antennas suffer from low
radiation efficiency, high sensitive fabrication tolerances, and narrow bandwidth. In
particular, in Song, C.T.P. et al, “Packaging technique for gain enhancement of

electrically small antenna designed on gallium arsenide”, Electronics Letters, Vol. 36,

20  Issue 18,31 Aug. 2000, pp. 1524 —1525, an antenna system in a package consisting of a
printed feed with a parasitic radiator (Fig.1) was proposed. The antenna system in the
package has the overall dimensions of 20x20x8 mm and provides linear polarization

radiation at a frequency of 5.8 GHz. The drawbacks of this solution are mainly the



radiation at a frequency of 5.8 GHz. The drawbacks of this solution are mainly the 1 P100462 narrow
impedance b@r@%\%n th of 0.67 % and relatively high return loss of -6 dB within the operating bandwidth.
The paper's @ d solution also exhibits low forward-to- backward ratio (Fig.2) that may result in a
feedback to the sensitive circuitry of the RF system. 5 Dielectric resonator antennas have better radiation

efficiency anghpelarizatian selestivitnihanoatoh antepnas anctevermayhe designedwith smaller

dimensions if the material of the dielectric resonator has a high dielectric constant. In particular, dielectric

resonator artenasLpersingsatiineanapsheirswappalarizatiamwith restangubar.rdfeylindrical, conical,
and hemispherical dielectric resonators have been disclosed in the following references: Petosa, A.et al,

"Recent advangesaini dielectic-regonatay aniennaa teelpalegy ek ks Antennasandrirepagation
Magazine, Vol. 40, no.3, pp.35-48, June 1998; Leung, K.W. et al, "Circular-polarized dielectric resonator

antenna excifegely dual conformal strips”, Electronics Letters, Vol. 36, Issue 6, 16 Mar 2000, pp.484
-486; 15 Long, R.T. et al, "Use of parasitic strip to produce circular polarization and increased bandwidth
for cylingrical dielectric resonator antenna”, Electronics Letters , Vol. 37, Issue 7, 29 Mar 2001, pp.
406-408; Esselle, K.P, "Circularly polarized higher-order rectangular dielectric-resonator antenna”,

Electronics Letters,){0l.34¢ 183H8aBrlafi@Bnas have better radiation efficiency and polarization

selectivity than patch antennas and even may be designed with smaller dimensions if the
material of the dielectric resonator has a high dielectric constant. In particular, dielectric
resonator antennas operating at linear and circular polarization with rectangular,

10 cylindrical, conical, and hemispherical dielectric resonators have been disclosed in the
following references: Petosa, A.et al, “Recent advances in dielectric-resonator antenna

technology”, IEEE Antennas and Propagation Magazine, Vol. 40, no.3, pp.35-48, June

1998; Leung, K.W. et al, “Circular-polarized dielectric resonator antenna excited by dual

conformal strips”, Electronics Letters, Vol. 36, Issue 6, 16 Mar 2000, pp.484 —486;

15 Long, R.T. etal, “Use of parasitic strip to produce circular polarization and increased

bandwidth for cylindrical dielectric resonator antenna”, Electronics Letters , Vol. 37,

Issue 7, 29 Mar 2001, pp. 406-408; Esselle, K.P, “Circularly polarized higher-order

rectangular dielectric-resonator antenna”, Electronics Letters, Vol. 32, Issue 3, 1 Feb

1996, pp.150 —151; Kishk, A.A. et al, “Conical dielectric resonator antennas for wide-

20  band applications”, Antennas and Propagation, IEEE Trans., Vol. AP-50 Issue 4, Apr.

2002, pp. 469-474; and Kishk, A.A.et al, “Analysis of dielectric-resonator antennas with

emphasis on hemispherical structures”, IEEE Antennas and Propagation Magazine, Vol.

36, Issue 2, Apr. 1994, pp. 20 -31.



1996, pp.150 -151; Kishk, A.A. et al, "Conical dielectric resonator antennas for wide 20 band
applications” ﬁr&t%%nas and Propagation, IEEE Trans., Vol. AP-50 Issue 4, Apr. 2002, pp. 469-474; and
Kishk, A.A.eF ) alysis of dielectric-resonator antennas with emphasis on hemispherical structures”,
IEEE Antennas and Propagation Magazine, Vol. 36, Issue 2, Apr. 1994, pp. 20 -31. 2 P100462 However,
the solutions for integrated dielectric resonator antennas in RF systems in packages have not yet been
disclosed. Also, the available feed designs for dielectric resonator antennas with circular/linear polarized

radiation are not COHM%@}E far %@uﬁ@}ﬁt?&nﬁ Eﬁéﬁtlﬁ&é@tﬁgéyéﬁ%mﬁ éﬂt@ﬁ%aﬂleﬁlaﬁ‘%{é%(@ some
drawbacks in terms of available bandwidth and limitations on the ground plane size. For example, some

of these feeg) dasigns aradisclosedirel) Fsdtdants A sbIBd 20053199 Ledidd 6140 4i4k8iall to Adachi

et al. 10 In particular, for linear polarized radiation of a dielectric resonator antenna there were proposed

feeds in the form b prahesaRrinted electnie/maaneligdipQles @ndoglestricimagneticdapps (etosa et al).
The drawbacks of this solution are the requirement of drilling holes in the dielectric resonator, difficulties

of the agtenpainiegiation@ndiar Riarawimpedgnge fangwidihachigvablewbacke fermracipgular
polarized radiation in a dielectric resonator antenna it is
available bandwidth and limitations on the ground plane size. For example, some of

these feed designs are disclosed in U.S. Patents 6,198,450, 6, 531, 991, and 6,407,718 all

to Adachi et al.

10 In particular, for linear polarized radiation of a dielectric resonator antenna there
were proposed feeds in the form of probes, printed electric/magnetic dipoles and
electric/magnetic loops (Petosa et al). The drawbacks of this solution are the requirement
of drilling holes in the dielectric resonator, difficulties of the antenna integration, and/or
narrow impedance bandwidth achievable.

15

To form a circular polarized radiation in a dielectric resonator antenna it is
necessary to excite at least two orthogonal modes with a phase shift of 90°. To achieve
this goal in Leung et al, a feed comprising two orthogonal dipoles (electric or magnetic)
is fed through a circuitry that splits equally the RF power between the dipoles and

20  introduces an additional phase shift of 90° for one of the dipoles. The drawbacks of this
solution are a complicated feed design and higher losses in the splitter (Fig.3) and phase
shifting circuitry. Also, the power splitting and phase shifting circuitry requires

considerable space on the printed circuit board (PCB) and thus complicates the antenna



necessary to excite at least two orthogonal modes with a phase shift of 900. To achieve this goal in
Leung et al, a feed comprising two orthogonal dipoles (electric or magnetic) is fed through a circuitry that
splits equallﬁﬁgﬁ power between the dipoles and 20 introduces an additional phase shift of 90 for one
of the dipoles. The drawbacks of this solution are a complicated feed design and higher losses in the

splitter (Fig.3)@peRhaseoshifting-citcuiiny iAlge, taeaswerssliting and phasesshifting eircuitly requires
considerable space on the printed circuit board (PCB) and thus complicates the antenna 3 P100462

integration iRt the Rinsysterindhie packagenldls. Hatens tP4HoAR6 to Olivelatab, Bhowsasingle feed
having two mutually orthogonal modes. U.S. Patents 6,147,647 to Tassoudji et al, 6,344,833 to Lin et al,

and 6,292, 14%hde Lim descrivpieqnductivenstins famnsethorthogenally witbiespeatite e gigynd plane to
provide circularly polarized 5 radiation in a dielectric resonator antenna (DRA). To simplify the feed and

to reduce logsgaseit wasdaposed i Lepget al théseoasdifional metadizatian-efithe resonater in the form
of strips to shift the resonator frequency of the orthogonal mode, so that it would acquire the additional

phase shift ghdQQhwheaiexciied @tthe:diequenty(©rse to the resonant one (Fig.4). The drawback of this
solution is the requirement for the dielectric resonator metallization and difficulties in the antenna tuning

to compensate for the fabrication tolerances. To solve this problem, in Esselle et al it was proposed to use
a rectangular

To simplify the feed and to reduce losses, it was proposed in Long et al to use
additional metallization of the resonator in the form of strips to shift the resonator
frequency of the orthogonal mode, so that it would acquire the additional phase shift of

10 90° when excited at the frequency close to the resonant one (Fig.4). The drawback of this
solution is the requirement for the dielectric resonator metallization and difficulties in the

antenna tuning to compensate for the fabrication tolerances.

To solve this problem, in Esselle et al it was proposed to use a rectangular

15  resonator with different sides. In this case, the resonator shape may be chosen so that the
orthogonal modes will have slightly different resonant frequencies thus providing an
opportunity to form circular polarized radiation from the antenna (Fig.5). The drawback

of this solution is a strict limitation on dielectric resonator fabrication tolerances and a
limited bandwidth for an acceptable level of the axial ratio of the antenna. U.S. Patent

20 6,323,824 to Heinrichs et al shows a rectangular resonator mounted on a printed circuit

board.



15 resonator with different sides. In this case, the resonator shape may be chosen so that the orthogonal
modes will f?ﬁ slightly different resonant frequencies thus providing an opportunity to form circular
polarized radi |Q>L|H6 om the antenna (Fig.5). The drawback of this solution is a strict limitation on
dielectric resonator fabrication tolerances and a limited bandwidth for an acceptable level of the axial
ratio of the antenna. U.S. Patent 20 6,323 ,82¢1orHeinrighseiral/shows)s rectangular resonator mounted
on a printed circuit board. 4 P100462 SUMMARY OF THE INVENTION The principal objective of the
present invention is to provide a dielectric resonator antenna in a radio frequency system package. 5
Another objective of the invention is to provide a packaged integrated antenna for circular and linear

polarizations. Yet apgther phisefiye. isite provide a naskegashinteasaled dielestriciesonatar L antenna

wherein the antenna feed is integrated with the RF circuitry. A further objective of the invention is to

achieve a high radiation, £ificiepgy.ApenRR sYsiemp & package having a wide impedance bandwidth. 15

Yet another objective of the invention is'to provide circular polarized radiation from a dielectric resonator
antennaswith a simple feed design.

Another objective of the invention is to provide a packaged integrated antenna for

circular and linear polarizations.

Yet another objective is to provide a packaged integrated dielectric resonator

10 antenna wherein the antenna feed is integrated with the RF circuitry.

A further objective of the invention is to achieve a high radiation efficiency

antenna system in a package having a wide impedance bandwidth.

15 Yet another objective of the invention is to provide circular polarized radiation

from a dielectric resonator antenna with a simple feed design.

Yet another objective of the invention is to provide circular polarized radiation
from a dielectric resonator antenna with a simple feed design where the feed and the

20  dielectric resonator are formed on the same plane.

A still further objective is to provide a linear polarized radiation from a dielectric

resonator antenna.



Yet another objective of the invention is to provide circular polarized radiation from a dielectric resonator
antenna Wiﬂ]:j i%np%e feed design where the feed and the 20 dielectric resonator are formed on the
same plane. Witrurther objective is to provide a linear polarized radiation from a dielectric resonator
antenna. 5 P100462 Yet another objective is to provide a linear polarized radiation from a dielectric

resonator antenna angd faaskiexscavider impedance asdwidthwith asimple fegd Jesigpas In

accordance with the objectives of the invention, a high radiation efficiency antenna system in a package

is achieved bysthaproyisianohadisleckieviRasanateriRaekage. HaRielegticigsanataippagkage
comprises a dielectric body of the package forming a dielectric resonator that resonates at radio

frequency andsiafeed substrate having an upper and a lower surface, a feed structure formed on 10 the
upper surface of the feed substrate, and RF circuitry mounted on the lower surface of the feed substrate.
The feed substrate is attached to the dielectric body of the package from the side of the feed structure.
Also in accordance with the objectives of the invention, a circular polarized 15 radiation dielectric

resonater antenna yyith. a,simple {ger slesiga.is.chievedn The dieleqius Fesanataranigna comprises a

feed substrate having an upper and a lower

antenna system in a package is achieved by the provision of a Dielectric
Resonator Package. A Dielectric resonator package comprises a dielectric body
of the package forming a dielectric resonator that resonates at radio frequency and
a feed substrate having an upper and a lower surface, a feed structure formed on
10 the upper surface of the feed substrate, and RF circuitry mounted on the lower
surface of the feed substrate. The feed substrate is attached to the dielectric body

of the package from the side of the feed structure.

Also in accordance with the objectives of the invention, a circular polarized

15  radiation dielectric resonator antenna with a simple feed design is achieved. The
dielectric resonator antenna comprises a feed substrate having an upper and a lower
surface, a first ground plane formed on the upper surface of the feed substrate and a
second ground plane formed on the lower surface of the feed substrate, a dielectric
resonator attached to the first ground plane, an asymmetrical feed structure formed on the

20  first ground plane wherein the asymmetrical feed structure excites modes in the dielectric
resonator in orthogonal directions to provide circular polarized radiation, and radio
frequency circuitry mounted on the lower surface of the feed substrate and coupled to the

feed structure.



surface, a first ground plane formed on the upper surface of the feed substrate and a second ground
plane forme% ﬂ?ﬁ?%th% lower surface of the feed substrate, a dielectric resonator attached to the first ground
plane, an as ical feed structure formed on the 20 first ground plane wherein the asymmetrical feed
structure excites modes in the dielectric resonator in orthogonal directions to provide circular polarized
radiation, and radio frequency circuitry mounted on the lower surface of the feed substrate and coupled
to the feed structure. 6 P100462 Also in accordance with the objectives of the invention, a linear
polarized radiation slielegtiicresanatan@ntenngavithea simplenfesd designisaahigved. The dielectric
resonator antenna comprises a feed substrate having an upper and a lower 5 surface, a first ground plane

formed on thedippet sivfacecatioedeed subsiratenandapsecendgiound plaseformed on the lower
surface of the feed substrate, a dielectric resonator attached to the first ground plane, a feed structure

formed on thedisstaresngapianemiereimihe degdestryciite comprisesmbeih-maanetisyand electric dipoles
to provide linear polarized radiation, and radio frequency circuitry mounted on the lower surface of 10 the

feed sulsstratgrand, connected o the feeasttusiure by viathreughibeieedsuhstate. BRIEF
DESCRIPTION OF THE DRAWINGS In the accompanying drawings forming a material part of this
description, thesadSsehN@blane formed on the lower surface of the feed substrate, a dielectric

resonator attached to the first ground plane, a feed structure formed on the first ground

plane wherein the feed structure comprises both magnetic and electric dipoles to provide

linear polarized radiation, and radio frequency circuitry mounted on the lower surface of

10  the feed substrate and connected to the feed structure by a via through the feed substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is

shown:
15
Fig. 1 illustrates in oblique and cross-sectional representations a packaged
antenna of the prior art having a parasitic radiator.
Fig. 2 graphically illustrates the measured pattern of the prior art antenna system
20 inFig. 1.

Fig. 3 is an oblique representation of a second antenna design of the prior art.



15 Fig. 1 illustrates in oblique and cross-sectional representations a packaged antenna of the prior art
having a parzlglft'%r%diator. Fig. 2 graphically illustrates the measured pattern of the prior art antenna
system 20 i {)5) f Fig. 3 is an oblique representation of a second antenna design of the prior art. 7
P100462 Fig. 4 is an oblique representation of a third antenna design of the prior art. Fig. 5 is a top view

and a cross-sectionabrepesentaien RiRfeutiaantgnnaidesigmacidhe Pooiharsids: 6A and 6B are
cross-sectional representations of a dielectric resonator package of the present invention showing the

inside and outside of the package, respectively. to Fig. 7 is a cross-sectional representation of a dielectric
resonator package of the present invention on a printed circuit board. Fig. 8A is a cross-sectional
representation of adielgGlricgseRatanantenna withohal 268 ciauiarpelariz atiamafieresganinvention.

of the prior art.

Figs. 6A and 6B are cross-sectional representations of a dielectric resonator
package of the present invention showing the inside and outside of the package,

respectively.

10 Fig. 7 is a cross-sectional representation of a dielectric resonator package of the

present invention on a printed circuit board.

Fig. 8A is a cross-sectional representation of a dielectric resonator antenna with
circular polarization of the present invention.
15

Fig. 8B is a top view of Fig. 8A.

Fig. 9A is a cross-sectional representation of a dielectric resonator antenna with
linear polarization of the present invention.
20

Fig. 9B is a top view of Fig. 9A.



Fig. 8B is a top view of Fig. 8A. Fig. 9A is a cross-sectional representation of a dielectric resonator
antenna with_ linear polarization of the present invention. Fig. 9B is a top view of Fig. 9A. 8 P100462 Fig.
10 is a cros -ééhf%%al representation of a multi layer dielectric resonator package of the present
invention. Fig. 11A is a cross-sectional representation of a dielectric resonator package of 5 the present

invention. Fig. 11B j§ca toRsviewoed-kdgkiddd répitbsd Rrisi nCspasneectional drpresriatian:ef a dielectric
resonator package of the 10 present invention. Fig. 13 is a cross-sectional representation of a stand alone

dielectric rew@ewcgkagg&j%w&mt invention. 15 Fig. 14 is a cross-sectional representation of a
dielectric resonator package of the present invention on a printed circuit board. DESCRIPTION OF THE

PREFERRED EMBODIMENTS 20 A conventional radio frequency (RF) package serves to protect RF
circuitry inside the package from the environment hazards, for thermal management and to provide an
electrical interface ofdhe|RF ciretity dasidadhe packagedio she destafithe syst@Mpackage of

5  the present invention.
Fig. 11B is a top view of Fig. 11A.

Fig. 12 is a cross-sectional representation of a dielectric resonator package of the

10 present invention.

Fig. 13 is a cross-sectional representation of a stand alone dielectric resonator

package of the present invention.

15 Fig. 14 is a cross-sectional representation of a dielectric resonator package of the

present invention on a printed circuit board.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 A conventional radio frequency (RF) package serves to protect RF circuitry inside
the package from the environment hazards, for thermal management and to provide an
electrical interface of the RF circuitry inside the package to the rest of the system.

Conventional design rules for an RF package are to minimize the package influence on



Conventional design rules for an RF package are to minimize the package influence on 9 P100462 the
electrical paﬁrﬂgfgrs of the RF circuitry inside the package. In the prior art paper by Song et al, the
package is E¥#8¢%a mechanical support of a parasitic element of the antenna system, thus serving as a
conventional package only. 5 In the proposed Dielectric resonator package concept a package performs a

double functign cltservasasmenventienripackage andiasia Rdiating plenaem @sawelhpdn ispite of the
fact that a conventional RF package may exhibit weak radiation of electromagnetic energy, it is not

obvious thatgyh RE packaggmaybesused also.asamagftactivepiegraieghaniannaekidsnet also obvious
how to design a package that could be 10 an efficient antenna with a specified radiating pattern. Unique

to the presenhipyentigicis, ieusevol ansRtpackageapaniptegiated antenna system and a particular
use of a dielectric resonator in the design of an RF package to achieve a specified radiation pattern, high

radiation efficiency, and wide bandwidth. 15 To overcome some difficulties in design and miniaturization
of integrated antennas, an RF System in Dielectric Resonator Package Concept is proposed. A part of

the RE ahip packagg, isdesignecio pnsteiaasa lisiscis (ssenalnrananpaQRAN AU gh value o

dielectric constant, while the antenna feed is integrated with the rest of the circuitry forming an RF Micro

Module (seefigsbaantf) 1 fevehane, o a digleeiie, 20 eSNRIOk RAckRAS andkaparticulaifeed

structure is chosen to provide a specified

In spite of the fact that a conventional RF package may exhibit weak radiation of
electromagnetic energy, it is not obvious that an RF package may be used also as an
effective integrated antenna. It is not also obvious how to design a package that could be
10 an efficient antenna with a specified radiating pattern. Unique to the present invention is
the use of an RF package as an integrated antenna system and a particular use of a
dielectric resonator in the design of an RF package to achieve a specified radiation

pattern, high radiation efficiency, and wide bandwidth.

15 To overcome some difficulties in design and miniaturization of integrated
antennas, an RF System in Dielectric Resonator Package Concept is proposed. A part
of the RF chip package is designed to operate as a dielectric resonator antenna (DRA)
with high value of dielectric constant, while the antenna feed is integrated with the rest of
the circuitry forming an RF Micro Module (see Figs 6A and 7). The shape of a dielectric

20  resonator package and a particular feed structure is chosen to provide a specified
circular/linear radiation, required bandwidth of operation, and to meet some technological

and standard requirements.

10



circular/linear radiation, required bandwidth of operation, and to meet some technological and standard
requirementij 6&/P 00462 A first objective to achieve high radiation efficiency of an antenna system in a
package wit K ng impedance bandwidth. This objective is achieved by the provision of a dielectric
resonator package that is used as a radiating element forming the antenna radiation pattern. The

operating modes excitget bhihaikeseNatae detesming e ApterRad polalization.sslastivity and radiation
pattern. The dielectric resonator with high dielectric constant that is used as a package/part of a package

of the RF sygtem can e designadasacstandwone packasrdiigss @éhandOB) Ok ibrpayibe fixed directly
on the substrate (Fig.7). Referring now more particularly to Fig. 6B, there is shown a stand alone

dielectric 10 res@paiaripackageodd eraprinied cieuis hoama(Re BlaRnt eads 23troAALRGNHthe dielectric
resonator package to the printed circuit board. Fig. 6A shows a cut-away inside view of the dielectric

resonator pagkage ehihepresens javentiomodannestians tedthe o4& areenatshowanifrg. 6A. A stand
alone device may be connected to the PCB as it shown in Fig. 6B. Also a stand alone device may be

connected tg e ipONVEY SURPIYiBYarkbrivirasespathenusenefdibe REBris iRt sequinad dn spmwecases. The
body of the dielectric resonator package 20 is designed to resonate at radio frequency. So, the dielectric

body of the diglecliiaigsenater Rackage a9isas fdieleelicoresORAeysEhisit Bermkinasdhe function of a
conventional RF package and a dielectric

stand alone package (Figs. 6A and 6B) or it may be fixed directly on the substrate (Fig.7).

Referring now more particularly to Fig. 6B, there is shown a stand alone dielectric

10 resonator package 20 on a printed circuit board (PCB) 25. Leads 23 connect the
dielectric resonator package to the printed circuit board. Fig. 6A shows a cut-away inside

view of the dielectric resonator package of the present invention. Connections to the

PCB are not shown in Fig. 6A. A stand alone device may be connected to the PCB as it
shown in Fig. 6B. Also a stand alone device may be connected to the power supply by

15  wires, so, the use of the PCB is not required in some cases.

The body of the dielectric resonator package 20 is designed to resonate at radio
frequency. So, the dielectric body of the dielectric resonator package acts as a dielectric
resonator. Thus it combines the function of a conventional RF package and a dielectric

20  resonator forming an essential part of the antenna system. The feed structure is
fabricated on the upper side of the feed substrate 30. The feed structure is a printed circuit
designed to excite the dielectric resonator. RF circuitry comprises RF chips, RF

components module, subsystems, etc. The RF chip 32 and the other components of the

11



20 resonator forming an essential part of the antenna system. The feed structure is fabricated on the
upper side o %@(@é{g d substrate 30. The feed structure is a printed circuit designed to excite the dielectric
resonator. RF Ci ry comprises RF chips, RF components module, subsystems, etc. The RF chip 32
and the other components of the 11 P100462 system 34 are mounted on the lower side of the feed

substrate forpingithe4REremicsamedula 36e Theeround plangCcapsucios@nihedenriosige atthe feed
substrate acts as an electromagnetic (EM) shield reducing the EM feed back on the RF sensitive

circuitry (RFghipyRigite! stonalensraassmenchipnandetheiRFsampreemta-andosmyaimizingthe EM
interference. The shape of dielectric resonator used in the proposed package can be either symmetrical

(square, cylindrigakiberoispbesical(ete)) aficasymmeatiicahrestangulaneitinseidal, RIC. JeAukgxample of
wire bonding of the RF chip 32 to the dielectric resonator package is shown. Thin lines 40 are wire

bonding of the-RirghiRipagdso Bieipackagel lgrds.diawepap, 2apartichéar Rhin-capaastian may be done
using 10 a flip chip technology as well. Fig. 7 shows the dielectric resonator package 20 mounted on a

printed sircuihihpard#5hE VR mekiR BRndrthespiperscempnenis ihthersystem (Robshweihere, but
as shown as 34 in Fig. 6A) are mounted on the lower side of the feed substrate forming 15 the RF

micromodulg,@&athe KRir inputéputputsoannaetian Idgisashowniagacvia thealighhdheafeedsybsirate. The
lower ground plane has a hole centered with the via hole to avoid

asymmetrical (rectangular, ellipsoidal, etc.). An example of wire bonding of the RF chip

32 to the dielectric resonator package is shown. Thin lines 40 are wire bonding of the RF

chip pads to the package leads. However, a particular chip connection may be done using

10 aflip chip technology as well.

Fig. 7 shows the dielectric resonator package 20 mounted on a printed circuit
board 45. The RF chip 32 and the other components of the system (not shown here, but
as shown as 34 in Fig. 6A) are mounted on the lower side of the feed substrate forming

15  the RF micromodule 36. The RF input/output connection 37 is shown as a via through
the feed substrate. The lower ground plane has a hole centered with the via hole to avoid
a short circuit between the ground plane and the via. The via 37 has metallization to
provide an electrical contact between the feed structure and RF out/in of the RF circuitry
mounted on the lower side of the feed substrate.

20

Connectors 46 connect the RF micromodule to the printed circuit board 45. The
dielectric resonator 20 in this embodiment may also have either a symmetrical or an

asymmetrical shape.

12



a short circuit between the ground plane and the via. The via 37 has metallization to provide an electrical
contact betmléae@élgg feed structure and RF out/in of the RF circuitry mounted on the lower side of the
feed substrate. onnectors 46 connect the RF micromodule to the printed circuit board 45. The
dielectric resonator 20 in this embodiment may also have either a symmetrical or an asymmetrical shape.
12 P100462 A second objective of this invention is to provide circular polarized radiation from a dielectric
resonator antenna with a simple feed design in which the feed structure and a dielectric resonator are

formed on the Sam%B@aﬁ@Bﬁébﬁv@Qf i&ﬁEi%E{ﬂ'ﬁBﬁ@&%ﬁ%Kf}&e SifESanaiNk AN BRIGRMPERsated with an
appropriate feed design. The second objective is achieved by exciting orthogonal modes in the dielectric

resonator wighyequalimagaitude-hheasequired fhase chiftRkROA batweemthe Mades aecHis due to an
asymmetrical design of the feed that leads to a slight difference in the 10 resonant frequency of the

dielectric resgpriQrMRAsS.H ORkogeRalidectionsnAnpIexamplaRf theRiefsrresd deeddesignds given in
Figs. 8A and 8B. Fig. 8A shows the ground planes 31 and 33 on the upper and lower surfaces,

respectiyely .@fdhedeed w@@ﬁ%@@%r haiRh abip Fzilgamaunted an the ground plane 33 on the lower

surface of the feed substrate. The dielectric resonator 20, shown in top view in Fig. 8B, is attached

The second objective is achieved by exciting orthogonal modes in the dielectric
resonator with equal magnitude. The required phase shift of 90° between the modes
occurs due to an asymmetrical design of the feed that leads to a slight difference in the

10 resonant frequency of the dielectric resonator modes in orthogonal directions. An
example of the preferred feed design is given in Figs. 8A and 8B. Fig. 8A shows the
ground planes 31 and 33 on the upper and lower surfaces, respectively, of the feed
substrate 30. The RF chip 32 is mounted on the ground plane 33 on the lower surface of
the feed substrate. The dielectric resonator 20, shown in top view in Fig. 8B, is attached

15 to a ground plane 31 from the side of the feed structure. The feed consists of a coplanar
waveguide 52 and a slotted dipole 54 with a bent folder. The dipole with the bent folder
excites the modes in the dielectric resonator in orthogonal directions. The length and
position of the folders is chosen to provide equal magnitude of the excited orthogonal
modes.

20

Since the total length of the slots (CPW 52 and bent dipole 54) placed under the
dielectric resonator is different in orthogonal directions, the resonant frequencies of the

resonator in orthogonal directions will be also different. The required difference in the
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15 to a ground plane 31 from the side of the feed structure. The feed consists of a coplanar waveguide
52 and a slosgiéﬁ%%)ole 54 with a bent folder. The dipole with the bent folder excites the modes in the
dielectric reso in orthogonal directions. The length and position of the folders is chosen to provide
equal magnitude of the excited orthogonal modes. 20 Since the total length of the slots (CPW 52 and

bent dipole 54) placeseyndendbe; siglectionresenatas isdiffsrentinorthoganakditgetiopsdthe resonant

frequencies of the resonator in orthogonal directions will be also different. The required difference in the

13 P100462rrsgprot-frequensias ishachicvachbytichaosinmibe @appropiiate lendthof tharePW under the
dielectric resonator. The via connection is connected to a central conductor of the CPW at the upper end

of the via andpive lewerepdrehithervia isicanaectadvertbeiRIF @hipiavitboa e { toe A0k FThefeed
substrate 30 is mechanically fixed on the resonator 5 surface. The feed structure 52/54 excites the

dielectric respnatenprovicingyoupling af sRisdteuwoak thie dRmehipyte 2dislediFicsesonator mode. A third
objective of this invention is to provide a linear polarized radiation from the dielectric resonator antenna

and to aghievg-awidel-ilRpedance Ramwidticwithia: Lo-simplerteeshdesgn-iding tiigiphjestive is

achieved by using a feed comprising a complementary pair of magnetic and electric dipoles. The use of
both magnetigrangut of the RF chip to a dielectric resonator mode.

A third objective of this invention is to provide a linear polarized radiation from

the dielectric resonator antenna and to achieve a wider impedance bandwidth with a

10 simple feed design. The third objective is achieved by using a feed comprising a
complementary pair of magnetic and electric dipoles. The use of both magnetic and
electric dipoles allows the formation of a unidirectional radiation pattern with a
maximum of the radiation directed away from the RF chip and allows improvement of
the impedance bandwidth of the antenna. An example of the preferred feed design is

15  shown in Fig. 9B. The feed consists of a slotted ring 58 (equivalent electric dipole), a
slotted dipole 56 (equivalent magnetic dipole) and a coplanar waveguide 54. The
coplanar waveguide is coupled to the rest of RF circuitry through a via 50 in the feed
substrate 30. Due to a slight difference in the resonant frequencies of the ring and the
dipole the overall impedance bandwidth of the feed is increased considerably. The results

20  of computer simulation of the proposed structure show the achievable bandwidth more
than 8% in comparison with conventional <3% bandwidth of a dielectric antenna with

linear polarization. Also, the proposed structure exhibits the radiation pattern with

14



electric dipoles allows the formation of a unidirectional radiation pattern with a maximum of the radiation
directed awaﬁ(g Zkr:?)f%;he RF chip and allows improvement of the impedance bandwidth of the antenna. An
example of t 4 é)r rred feed design is 15 shown in Fig. 9B. The feed consists of a slotted ring 58
(equivalent electric dipole), a slotted dipole 56 (equivalent magnetic dipole) and a coplanar waveguide

54. The coplgRamuayeguidents eaupiredpthe nestef RN Gireuitns thiaHah Aiviaaenn the feed substrate
30. Due to a slight difference in the resonant frequencies of the ring and the dipole the overall impedance

bandwidth ofdhé-feeddRincieased sansidarably of e resultedéhef sompuisnsinmulatian.ef the proposed
structure show the achievable bandwidth more than 8% in comparison with conventional <3% bandwidth

of a dielectric antenna with linear polarization. Also, the proposed structure exhibits the radiation pattern
with 14 P100462 forward-to-backward ratio better than 10 dB, which allows minimization of the unwanted

feedback to RF circpifry, and reaucion;pidhe seawraments pr e aieunth alangssize. g, preferred

embodiments of the present invention described thus far can be 5 modified in a variety of ways to achieve

further abjectivesrafithe.inugption: An exampie, ofamutigrer dieloetricirsanater Rackags is shown in

Fig. 10. In this design, an RF micromodule 36 is assembléd in a lower part of the package made of

dielectric majeriah, of E8latiyRik oy dislzeiue ankandsmalHesses @tihe epesatingdfequency. The

lower part of the package also is used as a feed substrate, while the feed structure 60 is

micromodule 36 is assembled in a lower part of the package made of dielectric material
of relatively low dielectric constant and small losses at the operating frequency. The
lower part of the package also is used as a feed substrate, while the feed structure 60 is

10  fabricated directly on the top of the lower part of the package and is connected to the RF
circuitry 32 through a via 50. The upper part of the multi layer dielectric resonator
package 62 made of dielectric materials with a relatively high dielectric constant is fixed
directly on the side of the feed structure 60. The requirement that the dielectric constant
of the lower part of the package should be smaller than the dielectric constant of the

15  upper part of the package provides an effective excitation of the dielectric resonator with

the feed structure.

For example, a standard RF package made of LTCC material (a ceramic material

with low dielectric constant, commonly used in the fabrication of RF packages) with

20  slight modifications may be used in that design as a lower part of the dielectric resonator
package. The modifications include metallization of the outer side of the package with
subsequent fabrication of the feed structure, fabrication of the via hole, metallization of

the via and etching the lower ground plane in the area surrounding the via.

15



10 fabricated directly on the top of the lower part of the package and is connected to the RF circuitry 32
through a vi%]?ﬁ %e upper part of the multi layer dielectric resonator package 62 made of dielectric
materials wi % ively high dielectric constant is fixed directly on the side of the feed structure 60. The
requirement that the dielectric constant of the lower part of the package should be smaller than the

dielectric constant of the da PR Pakseftheippekage-previgesian effeqtivecaxgitalion:ef thedielectric
resonator with the feed structure. For example, a standard RF package made of LTCC material (a

ceramic matgpiatuitl Iwndielactiic aangtantacomnerlyivsedin the fabsicaiion of Rfd packages) with 20
slight modifications may be used in that design as a lower part of the dielectric resonator package. The

modificationstinetudednetallizationiotthe puterssidesohtha package with sehspguantfedrgation of the
feed structure, fabrication of the via hole, metallization of the via and etching the lower ground plane in

the area surkguiRdingdheovine R RAGO4EZ A example afesdesiamwith thecteeshcaupladetoithe RF
circuitry through an aperture is shown in Fig. 11. In that case the dielectric resonator package and the

feed strictuse Gesignl aie @S @ven tnigsaa, trdhed, atd L0dawevandhecauplingsofiibefegd structure
60 to the RF chip 32 is done with a microstrip line 62 placed on the lower side 5 of the feed substrate 30,

rather than threygh @ via in the feed substrate as it was shown in Figs.6-10.

An example of a dielectric resonator package without a feed substrate is shown in

Fig. 12. The feed structure 60 is fabricated directly on the inner surface of the dielectric

10 resonator package 20 through an appropriate metallization. The RF chip 32 and the other
components of the system, not shown, are mounted directly on the feed ground plane 31

as it is shown in Fig.12 forming a package integrated RF micromodule. The RF in/out 37

of the RF chip 32 is connected to the feed structure 60 at the same points as the via
connection shown in Figs. 6-10. The RF chip ground pads are connected to the feed

15  structure ground plane.

An example of dielectric resonator package design suitable for microwave and

extremely high frequencies is presented in Fig. 13 and Fig. 14 showing the design of a
standalone package and a package on a PCB, respectively. The RF chip 32 is connected

20  to a feed substrate 30 with a flip-chip type of connection, rather than wire bonding

connections.
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An example of a dielectric resonator package without a feed substrate is shown in Fig. 12. The feed
structure 60 a{fs {ﬁ%r ated directly on the inner surface of the dielectric 10 resonator package 20 through
an appropri & llization. The RF chip 32 and the other components of the system, not shown, are
mounted directly on the feed ground plane 31 as it is shown in Fig. 12 forming a package integrated RF

micromodule. The Rfeipiewn? Tn@ithenRFochips3a isconnested faitefaedstinargLRatthe same points
as the via connection shown in Figs. 6-10. The RF chip ground pads are connected to the feed 15

structure grawddplanenANiexMPIR @bdigieGihik resonaterRaskage designsHitablenfon microwave and
extremely high frequencies is presented in Fig. 13 and Fig. 14 showing the design of a standalone

package and:@ipaskaga@mayRGER, JespectivRYanthe R whith 3Bisiconnasted 2040.2 ferd substrate 30
with a flip-chip type of connection, rather than wire bonding connections. 16 P100462 The present

invention previdescan-RFbsysianyéd & diclaeie respaatienpackage concept. The Dielectric Resonator
package of the present invention achieves high radiation efficiency with a wide impedance bandwidth.
Both cirgular and linear polarized radiation can be achieved with simple feed designs. 5 While the
invention has been particularly shown and described with reference to

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and
scope of the invention.

10
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the preferred embodiments thereof, it will be understood by those skilled in the art that various changes
in form and g’j&ilf may be made without departing from the spirit and scope of the invention. 10 17
P100462 What'i é%imed is: 1. A dielectric resonator package comprising: a dielectric resonator formed
by a dielectric body of said dielectric resonator package and resonating at a radio frequency; 5 a feed
substrate having an uppenandia lowerswface; a feed structure formed on said upper surface of said feed
substrate wherein said feed substrate is mechanically attached to said dielectric body of said package

from a side of said feed stdetHracanthiadiadieguensyciigditry mounted on said lower surface of said
feed 10 substrate. 2. The package according to Claim 1 wherein said dielectric resonator antenna has a

high dielectric constant. 15 giclh@ packageagearding {0 Glaio i vaerest said dieegttc resonator
antenna has a symmetrical or asymmetrical shape. 4. The package according to Claim 1 further
comprising a groungRJanergaRUuetaind resonating at a radio frequency;
5 a feed substrate having an upper and a lower surface;
a feed structure formed on said upper surface of said feed substrate
wherein said feed substrate is mechanically attached to said dielectric body of said
package from a side of said feed structure; and

radio frequency circuitry mounted on said lower surface of said feed

10 substrate.

2. The package according to Claim 1 wherein said dielectric resonator antenna has

a high dielectric constant.

15 3. The package according to Claim 1 wherein said dielectric resonator antenna has

a symmetrical or asymmetrical shape.
4. The package according to Claim 1 further comprising a ground plane conductor

on said lower surface of said feed substrate underlying said radio frequency

20 circuitry.

18



on said lower surface of said feed substrate underlying said radio frequency 20 circuitry. 18 P100462 5.
The packag%e%i&%éging to Claim | wherein said package is a stand alone package and wherein leads
provide an e iIcat interface of operating at frequencies lower than said radio frequency. 5 6. The
package according to Claim | wherein said package is mounted on a printed circuit board. 7. The package

according to Claim § wirergiisaid Jadiifrequensncircuitieis meuptechon saidigwearsiface of said feed
substrate by wire bonding. to 8. The package according to Claim | wherein said radio frequency circuitry

is mounted on said)lRwersuidacefisaid degtosubstiatecbyiaJlipreRiR-typeo ganngetion. 15 9. A dielectric
resonator antenna comprising: a feed substrate having an upper and a lower surface; a first ground plane

formed on said uppesgwitace Rfwaithieed substiatecqnc@ second ground plane formed on said lower
surface of said feed substrate; a dielectric resonator formed on said first ground plane; 20 an

asymmetrical feed structure formed on said first ground plane wherein

5 6. The package according to Claim 1 wherein said package is mounted on a

printed circuit board.

7. The package according to Claim 1 wherein said radio frequency circuitry is
mounted on said lower surface of said feed substrate by wire bonding.

10
8. The package according to Claim 1 wherein said radio frequency circuitry is
mounted on said lower surface of said feed substrate by a flip-chip type

connection.

15 9. A dielectric resonator antenna comprising:
a feed substrate having an upper and a lower surface;
a first ground plane formed on said upper surface of said feed substrate
and a second ground plane formed on said lower surface of said feed substrate;
a dielectric resonator formed on said first ground plane;
20 an asymmetrical feed structure formed on said first ground plane wherein
said asymmetrical feed structure excites modes in said dielectric resonator in

orthogonal directions to provide circular polarized radiation; and

19



said asymmetrical feed structure excites modes in said dielectric resonator in orthogonal directions to
provide circ%arqug@rized radiation; and 19 P100462 radio frequency circuitry mounted on said lower
surface of sdid substrate and coupled to said feed structure. 5 10. The antenna according to Claim 9
wherein said asymmetrical feed comprises: a coplanar waveguide; and a slot dipole having a bent folder.

11. The antenna accordingatadGatmeAwherainsaishiagia fiequansy sirauitiydsreanptesito said feed
structure by a via through said feed substrate. 10 12. The antenna according to Claim 9 wherein said

radio frequency cirguitkyrise epapled to said feed structure by a microstrip line placed on said lower
surface of said feed substrate. 15 13. The antenna according to Claim 9 wherein said dielectric resonator
comprises a dielectig;prdyoiarrekagadarsaid radio frequency circuitry. 14. The antenna according to
Claim 13 wherein said feed substrate is mechanically attached to said dielectric body of said package
from a side of said 20 feed structure.
5 10. The antenna according to Claim 9 wherein said asymmetrical feed comprises:
a coplanar waveguide; and
a slot dipole having a bent folder.
11. The antenna according to Claim 9 wherein said radio frequency circuitry is
coupled to said feed structure by a via through said feed substrate.
10
12. The antenna according to Claim 9 wherein said radio frequency circuitry is

coupled to said feed structure by a microstrip line placed on said lower surface of

said feed substrate.

15 13. The antenna according to Claim 9 wherein said dielectric resonator comprises

a dielectric body of a package for said radio frequency circuitry.
14. The antenna according to Claim 13 wherein said feed substrate is
mechanically attached to said dielectric body of said package from a side of said

20 feed structure.

15. A dielectric resonator antenna comprising:

a feed substrate having an upper and a lower surface;

20



15. A dielectric resonator antenna comprising: a feed substrate having an upper and a lower surface; 20
P100462 a f('ﬁ)bgro nd plane formed on said upper surface of said feed substrate and a second ground
plane forme ég lower surface of said feed substrate; a dielectric resonator formed on said first

ground plane; a feed structure formed on said first ground plane wherein said feed 5 structure comprises

both magnetic and electrig ¢ipeles (@ Ppvidedingar pelatizeghdadiation oans dadia fraguancy circuitry
mounted on said lower surface of said feed substrate and connected to said feed structure by a via

through said feed sykstrateodd 6ulhgaNeHARAGHPLHINIA LRI dborhateis.aaighieedstructure

comprises: a coplanar waveguide; a slotted ring forming an equivalent electric dipole; and a slotted

dipole forming an equivalengimagneticdipale.fdhnkd. chhe Rnteanaaeeosding to Claim 15 wherein said
radio frequency circuitry is coupled to said feed structure by a via through said feed substrate. 18. The

antenna according to Claimfd&iwheseirgaichradia fieduencyGircuiinmis weuglediia said feed structure by
a microstrip line placed on said lower surface of 20 said feed substrate.
5 structure comprises both magnetic and electric dipoles to provide linear polarized
radiation; and

radio frequency circuitry mounted on said lower surface of said feed

substrate and connected to said feed structure by a via through said feed substrate.

10 16. The antenna according to Claim 15 wherein said feed structure comprises:
a coplanar waveguide;
a slotted ring forming an equivalent electric dipole; and

a slotted dipole forming an equivalent magnetic dipole.

15 17. The antenna according to Claim 15 wherein said radio frequency circuitry is

coupled to said feed structure by a via through said feed substrate.
18. The antenna according to Claim 15 wherein said radio frequency circuitry is
coupled to said feed structure by a microstrip line placed on said lower surface of

20 said feed substrate.

19. The antenna according to Claim 15 wherein said dielectric resonator

comprises a dielectric body of a package for said radio frequency circuitry.
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19. The antenna according to Claim 15 wherein said dielectric resonator comprises a dielectric body of a
package foréib(grggio frequency circuitry. 21 P100462 5 20. The antenna according to Claim 19 wherein
said feed su 84s mechanically attached to said dielectric body of said package from a side of said
feed structure. 21. A dielectric resonator package comprising: a radio frequency micromodule assembled
in a lower part of said package made of a dielectric material having a low dielectric constant; a feed
substrate comprising a portion of said lower part of said package; 10 radio frequency circuitry mounted

on a lower surface of) spi {eechsustsate insaithiadio frearencyimissamogditas: afeed structure formed
on top of said lower part of said package and connected to said radio frequency chip through a via; and

an upper part of saideackrae camprising adielrtticitosanatormagdeceh b dialecide sratedal having a
high di_e!ectric constant mounted on a side of said feed structure. 20 22. A dielectric resonator package
comprising: feed structure.
5
21. A dielectric resonator package comprising:
a radio frequency micromodule assembled in a lower part of said package
made of a dielectric material having a low dielectric constant;
a feed substrate comprising a portion of said lower part of said package;
10 radio frequency circuitry mounted on a lower surface of said feed
substrate in said radio frequency micromodule;
a feed structure formed on top of said lower part of said package and
connected to said radio frequency chip through a via; and
an upper part of said package comprising a dielectric resonator made of

15 dielectric

material having a high dielectric constant mounted on a side of said feed structure.

22. A dielectric resonator package comprising:
a feed ground plane having an upper and lower surface;
20 radio frequency circuitry mounted on said upper surface of said feed
ground plane;

a feed structure formed on said feed ground plane; and
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a feed ground plane having an upper and lower surface; radio frequency circuitry mounted on said upper
surface of sggmﬁg&cground plane; a feed structure formed on said feed ground plane; and 22 P100462 a
dielectric reso ontacting said feed structure on said lower surface of said feed ground plane. 23.
The package according to Claim 22 wherein said dielectric resonator 5 comprises a dielectric body of said

package. 24. The package aggertiogde Llaimawherein saldragie firauensy tresittis&onnected to
said feed structure by wire bonding. 10 25. The package according to Claim 22 wherein said radio

frequency circuitry tq@@i@q%@ng@grﬁagjaﬁged structure by flip chip. 26. The package according to Claim 22
wherein ground pads of said radio frequency circuitry are connected to said feed ground plane. 23

23. The package according to Claim 22 wherein said dielectric resonator

5 comprises a dielectric body of said package.

24. The package according to Claim 22 wherein said radio frequency circuitry is

connected to said feed structure by wire bonding.

10 25. The package according to Claim 22 wherein said radio frequency circuitry is

connected to said feed structure by flip chip.

26. The package according to Claim 22 wherein ground pads of said radio

frequency circuitry are connected to said feed ground plane.
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