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DUAL-BAND FOLDED META-INSPIRED ANTENNA WITH USER

EQUIPMENT EMBEDDED WIDEBAND CHARACTERISTICS

[0001 ] This application claims the benefit of priority to U.S. Patent

Application Serial No. 13/692,186, filed on December 3, 2012, which is

incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments pertain to wireless communications. Some

embodiments relate to mobile wireless platforms. Some embodiments relate to

antennas. Some embodiments relate to antennas with wide frequency band

characteristics at long wavelengths within small antenna volumes. Some

embodiments relate to antennas suitable for integration within smartphones and

other types of wireless platforms. Some embodiments relate to wireless

communication devices including user equipment (UE).

BACKGROUND

[0003] As the form-factor of mobile wireless platforms is showing a

decreasing trend, more and more radio frequency bands are being added

increasing antenna functionalities to be integrated within smaller devices, such

as smartphones. Commercially available smartphoiie antennas currently do not

provide the needed broad bandwidth and coverage for multiband applications

such as LTE and 4G. As smartphones are becoming thinner and the display is

getting larger, the space available for antenna elements is becoming increasingly

smaller. This makes it increasingly difficult for a single antenna to cover

bandwidths at both the lower frequency bands (e.g., MHz) as well as the higher

frequency bands (e.g., GHz). Furthermore, antenna performance becomes
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compromised due to the close proximity of platform structures that impact

antenna characteristics.

[0004] Conventionally, antenna switching and tuning techniques have

been utilized to cover different frequency bands; however, these techniques

introduce loss and latency and may result in nonlinearity and noise under certain

operating conditions, making these techniques unsuitable for the high-demands

of man)' smartphone applications. Further, simultaneous multi-band operation is

difficult with these conventional switching and tuning techniques. Simultaneous

operation also becomes challenging with tunable antenna architectures.

[0005] Another issue with many conventional antennas in smaller-form-

factor platforms is the ground plane. Conventionally, smaller antennas may need

to utilize a larger ground plane, such as the platform chassis, that operates as part

of the radiator to achieve acceptable performance. This results in a number of

performance issues, including isolation and mutual coupling.

[0006] Thus there are general needs for antennas suitable for use in

mobile wireless platforms that can support multi-band operation and with a small

form factor. There are also general needs for broadband and highly-efficient

antennas suitable for use in wireless platforms. There are also general needs for

wireless platforms configured for multi-band operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 i llustrates a first side of a folded meta-inspired antenna in

accordance with some embodiments;

[0008] FIG. 2 illustrates a second side of a folded meta-inspired antenna

in accordance with some embodiments;

[0009] FIGs. 3A, 313 and 3C illustrate user equipment (UE) in

accordance with some embodiments; and

[0010] FIG. 4 illustrates return-loss of an example embodiment showing

a wide bandwidth within first and second frequency bands.



DETAILED DESCRIPTION

[0011] The following description and the drawings sufficiently illustrate

specific embodiments to enable those skilled in the art to practice them. Other

embodiments may incorporate structural, logical, electrical, process, and other

changes. Portions and features of some embodiments may be included in, or

substituted for, those of other embodiments. Embodiments set forth in the c laims

encompass all available equivalents of those claims.

[0012] FIG. 1 i l lustrates a first side of a folded meta-inspired antenna in

accordance with some embodiments. FIG. 2 illustrates a second side of a folded

meta-inspired antenna in accordance with some embodiments. The folded meta-

inspired antenna of FIGs. 1 and 2 is an example of a folded antenna loaded with

meta-inspired concepts. In accordance with embodiments, the folded meta-

inspired antenna illustrated in FIGs. 1 and 2 is configured for multi-band

operation. The folded meta-inspired antenna comprises first and second

conductive layers 100, 200 disposed on first and second opposite sides 130, 230

of a substrate 102 to provide a wideband distributed structure comprising a

plurality of high-Q resonances. The high-Q resonances comprise a plurality of L-

C resonances resulting from at least in part metamaterial concept-based loading.

In accordance with embodiments, the high-Q resonances in proximity may

provide a broader bandwidth, particularly at a lower band.

[0013] In some embodiments, the folded two layer structure results in a

monopole that can achieve wideband performance at the lower frequency band.

The multiple slots and capacitance combinations help provide this wideband

performance with high-efficiency, which has been conventionally difficult to

achieve in particular at the lower frequency band.

[0014] In accordance with some embodiments, the conductive material

on the first side 130 of the substrate 102 is arranged around a central longitudinal

slot 113 coupled with a plurality of perpendicular slots. For dual-band operation,

the plurality of resonances causes the folded meta-inspired antenna to operate as

a folded monopole at a higher frequency band and to operate as a slot-type

radiator at a lower frequency band. These embodiments are described in more

detail below. In some embodiments, when operating as a folded monopole,



current flows in a same direction along the central longitudinal slot 113 on both

sides of the substrate 102 When operating as a slot-type radiator, current flows

around a perimeter of the central longitudinal slot 113 and the plurality of

perpendicular slots.

[0015] The perpendicular slots include an upper slot 105, a middle slot

111, and a lower slot 115. The upper slot 105, the middle slot 111 and the lower

slot 115 are perpendicular to the central longitudinal slot 113. The conductive

material on the first side 130 mcludes a thin inductive strip 104 at a first end 101

forming a shunt inductance, a transmission line region 114 at an opposite end

103 and a plurality of interdigital capacitors 108, 118 arranged to provide the

distributed high-Q structures. In these embodiments, the upper slot 105 is

provided at the first end 101 of the folded meta-inspired antenna and is

connected to the central longitudinal slot 113 at the first end 101. The lower slot

115 may be provided at the opposite end 103 of the folded meta-inspired antenna

and may be connected to the central longitudinal slot 113 at the opposite end

103. As illustrated in FIG, 1 the lower slot 115, the upper slot 105 and the

central longitudinal slot 113 may form a dumbbell or double-ended 'T" shape

with a slot (e.g., middle slot 111) in the middle.

[0016] In some of these embodiments, the folded meta-inspired antenna

employs meta-material based concepts on low-cost plastic substrates including

Ajinomoto Build-up Film (ABF) type materials and printed circuit board (PCB)

materials, which may be suitable for use as substrate 102. In these embodiments,

meta-inspired loading is employed in a planar antenna structure that is

configured for at dual-band operation. The first side 130 may be considered the

top side and the opposite side 230 (FIG. 2) may be considered the bottom side,

although the scope of the embodiments is not limited in this respect. In these

embodiments, the opposite end 103 may be opposite the first end 101 as

illustrated in FIG. 1.

[0017] FIGs. 3A, 3B and 3C illustrate user equipment (UE) in

accordance with some embodiments. UE 300 may include, among other things, a

folded meta-inspired antenna 302. The folded meta-inspired antenna illustrated

in FIGs. 1 and 2 may be suitable for use as the folded meta-inspired antenna 302

of UE 300. As illustrated in FIG. 3A, RF shields 301 may be provided on top of



the radio modules of UE 300 and may be provided in close proximity to ground

plane region 2 4 (F G. 2) of the second conductive layer 200 (FIG. 2) to extend

the antenna ground area. These embodiments are described in more detail below.

[0018] In these example embodiments, an antenna holder 321 may be

used to hold the folded meta-inspired antenna 302 within the structure of UE 300

and may be used to define the folded meta-inspired antenna structure. In these

embodiments, antenna holder 321 may serve as substrate 102 (FIGs. 1 and 2)

and may be part of the mechanical design of the UE 300. In these example

embodiments, the antenna holder 321 may comprise a plastic material, such as

ABF type material, although this is not a requirement as other substrate materials

may be use .

[0019] FIG. 3B is a cross-sectional view showing the locations of RF

shields 301 , antenna holder 321 as well as first conductive layer 100 and second

conductive layer 200 of the folded meta-inspired antenna 302 in accordance with

some example embodiments FIG. 3C is a view showing the antenna holder 321

in accordance with some example embodiments.

[0020] In accordance with embodiments, the UE 300 may include

physical- layer circuitry coupled to the folded meta-inspired antenna 302 which

may be configured for communicating with an enhanced node B (eNB) of an

LTE network using at least one of a higher and a lower frequency band. The

physical layer circuitry may transmit and receive OFDMA signals in accordance

with one of the 3GPP LTE standards using the fol ded meta-inspired antenna

302. The physical layer circuitry may include one or more radio modules

including baseband processing circuitry which may be shielded by RF shields

301. UE 300 may be almost any wireless platform n accordance with

embodiments the folded meta-inspired antenna 302 may need only a small

ground plane and therefore can easily be embedded in any wireless device

including wireless devices with a form-factor much smaller than that of a

smartphone.

[0021] The embodiments of UE 300 illustrated in FIG. 3A are a back

view in which the first side 130 and first conductive layer 100 of the folded

meta-inspired antenna 302 are shown as being embedded toward the back side.



UE 300 may also include battery 312, circuit board 314 (which may be a printed

circuit board), a frame and a display assembly

[0022] in the example illustrated in FIG. 3A, the folded meta-inspired

antenna 302 may have a width dimension 310 not exceeding a predefined space

for antenna element definition. In some embodiments, the width dimension 310

may be approximately 8.0mm, although the scope of the embodiments is not

limited in this respect. Details of other UE 300 features, such as speakerphone,

USB, microphone and other metal-based components underneath and around the

folded meta-inspired antenna 302 and within the space, are not shown in FIG.

3A.

[0023] FIG. 4 illustrates return-loss of an example embodiment showing

a wide bandwidth within first and second frequency bands. The wide bandwidth

within the first and second frequency bands may result from a plurality of high-

Q resonances adjacent to one another. In some embodiments, the plurality of

resonances of distributed high-Q structures within the folded meta-inspired

antenna of FIGs. 1 and 2 may be selected to provide a first wide bandwidth

within a lower frequency band and a second wide bandwidth within a higher

frequency band. As illustrated in FIG. 4, the first frequency band 402 may be the

lower frequency band and the second frequency band 404 may be the higher

frequency band. In some embodiments, multiple high-Q resonances may be

placed close or adjacent to each other within the structure of the folded meta-

inspired antenna to achieve wider band/widths in each frequency band.

[0024] In some embodiments, the first and second frequency bands 402,

404 may be non-overlapping frequency bands. In some LTE embodiments, the

first and second frequency bands 402, 404 may be the low and high LTE

frequency bands. In some example embodiments, the first frequency band 402

may be around a center frequency of approximately 0.8 GHz and the second

frequency band 404 may be around a center frequency of approximately 1.83

GHz. FIG. 4 illustrates the return-loss of an example embodiment showing wide

bandwidth resulting from multiple resonances within the first and second

frequency bands 402, 404. In some embodiments, the first frequency band 402

may have a bandwidth 403 of at least 260 MHz and the second frequency band

may have a bandwidth 405 of at least 400 MHz (e.g. where the return loss



exceeds -10dB), although the scope of the embodiments is not limited in this

respect.

[0025] in accordance with embodiments, the folded meta-inspired

antenna may achieve increased wider bandwidths for both the first frequency

band 402 and the second frequency band 404 by merging multiple resonances,

which are implemented with printed meta-inspired resonant structures within a

folded monopole structure on the substrate 102. As explained in more detail

below, multiple combinations of capacitances and inductances introduce

multiple resonances combined together to create a broad-bandwidth. This is

unlike some conventional transmission-line based meta-inspired structure loaded

planar antennas which implement high-Q resonant radiators with small size but

suffer from narrow bandwidth.

[0026] Referring back to FIG. 1, in some embodiments the conductive

material on the first side 130 may further include first and second upper

transmission line sections 106 provided between the upper slot 105 and first and

second of the interdigital capacitors 108, first and second central transmission

line sections 110A, 110B, and third and fourth central transmission line sections

112A, 112B The upper slot 105 separates the inductive strip 104 from the first

and second upper transmission line sections 106, the first and second upper

transmission line sections 106 are separated by the central longitudinal slot 113,

and the first and second of the interdigital capacitors 108 are separated by the

central longitudinal slot 113. In these embodiments, the first and second central

transmission line sections 110A, 110B are separated by the central longitudinal

slot 113, the third and fourth central transmission line sections 112A, 112B are

separated by the central longitudinal slot 113, the first and third central

transmission line sections 110A, 112A are separated by the middle slot 111, and

the second and fourth central transmission line sections 110B, 112B are

separated by the middle slot 111. In these embodiments, the first and second

upper transmission line sections 106, and the conductive material in-between,

form capacitance with conductive material of transmission line sections 216

(FIG. 2) on the opposite side 230 of the substrate 102, described in more detail

below.



[0027] In these embodiments, open region 210 (FIG. 2) on the opposite

side 230 of the substrate 102 may be opposite these central transmission sections

(i.e., the first and second central transmission line sections 110A, 110B and the

third and fourth central transmission line sections 112A, 112B). The open region

210 may be devoid of conductive material and therefore little or no capacitance

may be formed by the first, second, third and fourth central transmission line

sections 110A, 110B, 112A, 112B with conductive material on the opposite side

230 of the substrate 102.

[0028] In some embodiments, the conductive material on the first side

130 may also include first and second lower transmission line sections 116

provided between the lower slot 115 and third and fourth of the interdigital

capacitors 118. The lower slot 115 may separate the transmission line region 114

from the first and second lower transmission line sections 116, the first and

second lower transmission line sections 116 may be separated by the central

longitudinal slot 113, and the third and fourth of the interdigital capacitors 118

may be separated by the central longitudinal slot 113. In these embodiments, the

first and second lower transmission line sections 116 form capacitance with the

conductive material on the opposite side 230 of the substrate 102.

[0029] In some embodiments, the conductive material on the first side

130 may also include a transmission line section 120 coupling the transmission

line region 114 to a feed. In some embodiments, the feed may be a coaxial feed,

although this is not a requirement. The transmission line section 120 may be any

type of RF transmission line. In some embodiments, the transmission line

section 120 may be a 50 ohm microstrip feed transmission line section or a

coplanar waveguide 50 ohm transmission line section, although this is not a

requirement. In some embodiments, the use of coplanar metal feed structures for

exciting the antenna may eliminate the need for any thru-vias through the

antenna structure.

[0030] In some embodiments, the conductive material on the first side

130 may also include conductive material disposed at opposite ends of the

mid dle slot 111 near the edge of the substrate 102 to couple the first and third

central transmission line sections 110A, 112A and to couple the second and

fourth central transmission line sections HOB, 112B to allow surface current to



flow around the middle slot 111. In some embodiments, the conductive material

on the first side 130 may also include conductive material at opposite ends of the

upper slot 105 near the edge of the substrate 102 to couple the first and second

upper transmission line sections 106 with the inductive strip 104 to allow surface

current to flow around the upper slot 105 The conductive material on the first

side 130 may also include conductive material at opposite ends of the lower slot

115 near the edge of the substrate 102 to couple the first and second lower

transmission line sections 116 with the transmission line region 114 to allow

surface current to flow around the lower slot 115.

[0031] Referring back to FIG. 2, in some embodiments, the second side

230 may be considered a ground plane side comprising conductive material. In

these embodiments, the conductive material of the second side 230 may include

an inductive strip 204, first and second upper transmission line sections 216, and

a ground plane region 214 coupled to one of the first and second upper

transmission line sections 2 16 An upper slot 205 separates the inductive strip

204 from the first and second upper transmission line sections 216, and the first

and second upper transmission line sections 216 are separated by the central

longitudinal slot 213 A thin strip inductor 217 may connect the transmission

line sections 216 to the ground plane region 214. In accordance with some

embodiments, the ground plane region 214 on the bottom of the substrate 102

may be connected to a ground plane 281 of a wireless platform, such as UE 300

(FIG. 3).

[0032] In some embodiments, the folded meta-inspired antenna 302 may

be contained within a volume of no greater than 42x8.0x1.0 cu-mm for operating

simultaneously in both the lower and higher LTE bands in these embodiments,

the ground plane 281 (FIG 2) or the RF shields 301 (FIG 3) may be combined

with ground p lane region 214 of the second conductive layer 200 to achieve

dual-band performance with a broad bandwidth. In some embodiments, an RF

shield area or ground plane region area of approximately 46mm x25mm may be

used to achieve dual-band performance with a broad bandwidth, although the

scope of the embodiments is not limited in this respect.

[0033] In accordance with some embodiments, at the higher frequency

band (i.e., second frequency band 404) the folded meta-inspired antenna



operates as a folded monopole supporting even-mode current (i.e., the current

flows in the same direction). During folded monopole operation, the interdigital

capacitors 108, 118 operate as shorts, and the thin inductive strips 104, 204

operate as open circuits. During folded monopole operation, the current may

flow in the same direction on both sides of the central longitudinal slot 113 Zero

(or almost zero) phase difference may exist between the current on the first

conductive layer 100 through the microstrip feed (i.e., transmission line section

120) and the current on the second conductive layer 200 through transmission

line sections 216 as well as the thin strip inductor 217 connecting transmission

line sections 216 with ground plane region 2 14. In these embodiments, an

electric field polarization may be created with a direction in-line with the length

of this monopole -type structure with currents flowing in the same direction in

both sides of the central longitudinal slot 113. Inductances may be formed by the

various transmission line sections (e.g., transmission line sections 120, 114, 116,

112, 110, 106, and 216) and the thin strip inductor 217. Capacitance may be

formed by the parallel plate capacitance between the conductive material of the

first side 130 and the conductive material of the second side 230. In some

embodiments, capacitances may also be formed with interdigital fingers between

different transmission line metal parts on the first conductive layer 100.

[0034] In accordance with some embodiments, at the lower frequency

band (i.e., the first frequency band 402), current may flow around the perimeter

of slots 105, 111, 115 and 113 inducing an electric field around the slot areas in

the direction orthogonal to the current direction, providing a slot-type radiation

at the lower frequency band. Multiple slots (i.e., slots 105 111, 115)

perpendicular to the main slot (i.e., central longitudinal slot 113) in the first

conductive layer 100 as well as an upper slot 205 perpendicular to central

longitudinal slot 213 in the second conductive layer 200 alter the current

distribution path on the monopole-type structure. The mterdigital capacitors 108

and 118 may further alters the current distribution on the planar antenna surface.

Loading of the antenna with slots 105, 111, 115 and interdigital capacitors 108,

118 may create multiple resonances and provide broader bandwidth with

comparably higher-efficiency values in the lower frequency band.



[0035] In accordance with embodiments, small antennas loaded with

low-cost, material-based, meta-inspired structures may be able to achieve

broader-bandwidth while retaining high-efficiency. Some embodiments of the

folded meta-inspired antenna implement a creative combination of different

inductive and capacitive elements using a low-cost, two metal-layer on-plastic

substrate approach without vias within the antenna structure. Some embodiments

of the folded meta-inspired antenna are loaded with inductive and capacitive

elements to form a meta-inspired loaded structure that provides a highly

efficient, dual band and broad-bandwidth antenna with a much smaller form

factor than could be achieved with conventional methods at certain frequencies

of interest (e.g., LTE bands). Some embodiments of the folded meta-inspired

antenna use multiple slots and multiple interdigital capacitors to form meta-

inspired structures to provide ultra-broad bandwidth at lower LTE frequency

band. In some of these embodiments, the broad bandwidth may cover the entire

lower LTE frequency band. In some of these embodiments, the broad bandwidth

may be achieved within a small form factor and without using any active or

tuning device. Conventionally, tunable devices are used to cover wide

bandwidths, but tend to increase loss, reduce the efficiency of antennas and

increase the potential for noise generation. The folded meta-inspired antenna of

some embodiments cover a desired bandwidth with only linear transmission line

based meta-inspired structures.

[0036] Referring back to FIG. 3, in some embodiments, the UE 300 may¬

be a portable wireless communication device, such as a personal digital assistant

(PDA), a laptop or portable computer with wireless communication capability, a

web tablet, a wireless telephone, a smartphone, a wireless headset, a pager, an

instant messaging device, a digital camera, an access point, a television, a

medical device (e.g., a heart rate monitor, a blood pressure monitor, etc.), or

other device that may receive and/or transmit information wirelessly. In some

embodiments, the UE 300 may include one or more of a keyboard, a display, a

non-volatile memory port, multiple antennas, a graphics processor, an

application processor, speakers, and other mobile device elements. The display

may be an LCD screen including a touch screen. In some embodiments, the UE

300 may be a wearable computing device having an ultra-small form factor.



[0037] Although UE 300 is illustrated as having several separate

functional elements, one or more of the functional elements may be combined

and may be implemented by combinations of software-configured elements,

such as processing elements including digital signal processors (DSPs), and/or

other hardware elements. For example, some elements may comprise one or

more microprocessors, DSPs, field-programmable gate arrays (FPGAs),

application specific integrated circuits (ASICs), radio-frequency integrated

circuits (RFICs) and combinations of various hardware and logic circuitry for

performing at least the functions described herein. In some embodiments, the

functional elements of UE 300 may refer to one or more processes operating on

one or more processing elements.

[0038] UE 300 may also include processing circuitry and memory. The

processing circuitry may be configured to determine several different feedback

values discussed below for transmission to the eNB. The processing circuitry

may also include a media access control (MAC) layer. In some embodiments,

the UE 300 may be configured to receive OFDM communication signals over a

muiticarrier communication channel. The OFDM signals may comprise a

plurality of orthogonal subcarriers. In some broadband mui ticarrier

embodiments, eNBs may be part of a broadband wireless access (BWA) network

communication network, such as a 3rd Generation Partnership Project (3GPP)

Universal Terrestrial Radio Access Network (UTRAN) Long-Term-Evolution

(LTE) or a Long-Term-Evolution (LTE) communication network, although the

scope of the inventive subject matter is not limited in this respect. In these

broadband muiticarrier embodiments, the UE 300 and the eNBs may be

configured to communicate in accordance with an orthogonal frequency division

multiple access (OFDMA) technique. The UTRAN LTE standards include the

3rd Generation Partnership Project (3GPP) standards for UTRAN-LTE, release

8, March 2008, and release 10, December 2010, including variations and

evolutions thereof.

[0039] The Abstract is provided to comply with 37 C.F.R. Section

1.72(b) requiring an abstract that will allow the reader to ascertain the nature and

gist of the technical disclosure. It is submitted with the understanding that it will

not be used to limit or interpret the scope or meaning of the claims. The



following claims are hereby incorporated into the detailed description, with each

claim standing on its own as a separate embodiment



CLAIMS

What is claimed is:

1. An antenna configured for dual-band operation comprising:

first and second conductive layers disposed on opposite sides of a

substrate to provide a wideband distributed structure comprising a plurality of

high-Q resonances resulting from at least in part metamaterial-based loading,

wherein conductive material on a first side of the substrate is arranged

around a central longitudmal slot coupled with a plurality of perpendicular slots,

and

wherein for dual-band operation, the plurality of high-Q resonances

cause the antenna to operate as a folded monopole at a higher frequency ban

and operate as a slot-type radiator at a lower frequency band.

2 . The antenna of claim wherein when operating as a folded monopole,

current flows in a same direction along the central longitudinal slot on both sides

of the substrate, and

wherein when operating as a slot-type radiator, current flows around a

perimeter of the central longitudinal slot and the plurality of perpendicular slots.

3 . The antenna of claim 2 wherein the perpendicular slots include an

upper slot, a middle slot, and a lower slot, the upper slot, the middle slot and the

lower slot being perpendicular to the central longitudinal slot, and

wherein the conductive material on the first side includes an inductive

strip at a first end forming a shunt inductance, a transmission line region at a

second end, and a plurality of interdigital capacitors, arranged to provide the

high-Q resonances in close proximity with one another resulting in wider

bandwidth.

4 . The antenna of claim 3 wherein the lower slot, the upper slot and the

central longitudinal slot form a dumbbell shape.



5 . The antenna of claim 4 wherein the plurality of high-Q resonances of

the wideband distributed structure are selected to provide a first wide bandwidth

resulting from the plurality of resonances within the lower frequency band and a

second wide bandwidth resulting from the plurality of resonances within the

higher frequency band.

6 . The antenna of claim 5 wherein the conductive material on the first

side further includes:

first and second upper transmission line sections provided between the

upper slot and first and second of the plurality of the interdigital capacitors,

first and second central transmission line sections; and

third and fourth central transmission line sections,

wherein the upper slot separates the inductive strip from the first and

second upper transmission line sections,

wherein the first and second upper transmission line sections are

separated by the central longitudinal slot,

wherein the first and second of the interdigital capacitors are separated by

the central longitudinal slot,

wherein the first and second central transmission line sections are

separated by the central longitudinal slot,

wherein the third and fourth central transmission line sections are

separated by the central longitudinal slot,

wherein the first and third central transmission line sections are separated

by the middle slot, and

wherein the second and fourth central transmission line sections are

separated by the middle slot.

7 . The antenna of claim 6 wherein the conductive material on the first

side further includes:

first and second lower transmission line sections provided between the

lower slot and third and fourth of the interdigital capacitors,

wherein the lower slot separates the transmission line region from the

first and second lower transmission line sections,



wherein the first and second lower transmission line sections are

separated by the central longitudinal slot, and

wherein the third and fourth of the interdigital capacitors are separated by

the central longitudinal slot

8. The antenna of claim 7 wherem the conductive material on the first

side further includes:

a transmission line section coupling the transmission line region for

antenna excitement.

9 . The antenna of claim 7 wherein the conductive material on the first

side further includes:

conductive material disposed at opposite ends of the middle slot to

couple the first and third central transmission line sections and to couple the

second and fourth central transmission line sections to allow surface current to

flow around the middle slot;

conductive material at opposite ends of the upper slot to couple the first

and second upper transmission line sections with the inductive strip to allow

surface current to flow around the upper slot; and

conductive material at opposite ends of the lower slot to couple the first

and second lower transmission line sections with the transmission line region to

allow surface current to flow around the lower slot.

10. The antenna of claim 6 wherein a second side of the substrate is a

ground plane side comprising conductive material, wherein the conductive

material of the second side comprises;

an inductive strip;

first and second upper transmission line sections; and

a ground plane region coupled to one of the first and second upper

transmission line sections,

wherein an upper slot separates the inductive strip from the first and

second upper transmission line sections,



wherein the first and second upper transmission line sections are

separated by the central longitudinal slot, and

wherein a thin strip inductor connects the first and second upper

transmission line sections to the ground plane region

11. The antenna of claim 2 wherein the antenna is a folded meta-inspired

antenna and is contained within a volume of no greater than 42x8.0x1 .0 cu-mm.

12. User Equipment (UE) configured for dual-band operation

comprising:

an antenna; and

physical-layer circuitry coupled to the antenna configured for

communicating with an enhanced node B (eNB) simultaneously using a higher

and a lower frequency band,

wherein the antenna comprises first and second conductive layers

disposed on opposite sides of a substrate to provide a wideband distributed

structure comprising a plurality of high-Q resonances resulting from at least in

part metamaterial -based loading, and

wherein for dual-band operation, the plurality of resonances cause the

antenna to operate as a folded monopole at a higher frequency band and operate

as a slot-type radiator at a lower frequency band.

13. The UE of claim 12 wherein the antenna comprises:

conductive material on a first side of the substrate arranged around a

central longitudinal slot coupled with a plurality of perpendicular slots, the

perpendicular slots including an upper slot, a middle slot, and a lower slot, the

upper slot, the middle slot and the lower slot being perpendicular to the central

longitudinal slot,

wherein the conductive material on the first side including an inductive

strip at a first end forms a shunt inductance, a transmission line region at a

second end, and a plurality of interdigital capacitors, and

wherein the lower slot, the upper slot and the central longitudinal slot

form a dumbbell shape.



14. The UE of claim 13 wherem when the antenna operates as a folded

monopole, current flows in a same direction along the central longitudinal slot

on both sides of the substrate, and

wherein when the antenna operates as a slot-type radiator, current flows

around a perimeter of the central longitudinal slot and the plurality of

perpendicular slots.

15. The UE of claim 14 wherein the physical-layer circuitry is to transmit

and receive orthogonal frequency division multiple access (OFDMA) signals in

accordance with one of the 3GPP LTE standards using the antenna.

16. The UE of claim 14 further comprising one or more RF shields to

shield at least some of the physical-layer circuitry,

wherein the substrate comprises a plastic material and is part of an

antenna holder within the UE, and

wherein the one or more RF shields are coupled to a ground plane region

of the antenna.



17. A dual-band antenna comprising:

conductive material on a first side of a substrate arranged around a

central longitudinal slot coupled with a plurality of perpendicular slots, the

perpendicular slots including an upper slot, a middle slot, and a lower slot, the

upper slot, the middle slot and the lower slot being perpendicular to the central

longitudinal slot; and

the conductive material on the first side including an inductive strip at a

first end forming a shunt inductance, a transmission line region at a second end

and a plurality of interdigital capacitors,

wherein the lower slot, the upper slot and the central longitudinal slot

form a dumbbell shape.

18. The antenna of claim 17 wherein a second side of the substrate is a

ground plane side comprising:

an inductive strip;

first and second upper transmission line sections; and

a ground plane region coupl ed to one of the first and second upper

transmission line sections,

wherein an upper slot separates the inductive strip from the first and

second upper transmission line sections,

wherein the first and second upper transmission line sections are

separated by the central longitudmal slot, and

wherein a thin strip inductor connects the first and second upper

transmission line sections to the ground plane region.
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