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A Compact Tri-Band Monopole Antenna
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Abstract—A compact tri-band planar monopole antenna is pro-
posed that employs reactive loading and a “defected” ground-plane
structure. The reactive loading of the monopole is inspired by
transmission-line based metamaterials (TL-MTM), which enables
the loaded antenna to operate in two modes. The first resonance
exhibits a dipolar mode over the lower WiFi band of 2.40 GHz –
2.48 GHz, and the second resonance has a monopolar mode over
the 5.15–5.80 GHz upper WiFi band. Full-wave analysis shows
that the currents of the two modes are orthogonal to each other, re-
sulting in orthogonal radiation patterns in the far field. The feature
of a “defected” ground-plane, formed by appropriately cutting an
�-shaped slot out of one of the CPW ground-planes, leads to the
third resonance that covers the WiMAX band at 3.30–3.80 GHz.
Air bridges at the intersection between the antenna and the CPW
feedline ensure a balanced current. A fabricated prototype has
compact dimensions of 20.0 mm 23.5 mm 1.59 mm, and
exhibits good agreement between the measured and simulated

parameters and radiation patterns. The measured radiation
efficiencies are 67.4% at 2.45 GHz, 86.3% at 3.50 GHz and 85.3%
at 5.50 GHz.

Index Terms—Defected ground plane, folded monopole antenna,
metamaterials, multiband antenna.

I. INTRODUCTION

T
WO commonly used protocols for Wireless Local Area

Networks (WLANs) based on access points to relay data,

are WiFi and WiMAX, which promise higher data rates and in-

creased reliability. A challenge in designing such multiple wire-

less communication protocol systems is to design compact, low

cost, multiband and broadband antennas.

The planar monopole is attractive for WLAN antenna design

because it has a low profile, it can be etched on a single substrate

and can provide the feature of broadband or multiband oper-

ation. The traditional approach is to use multibranched strips

in order to achieve multiband operation [1], which generally

leads to a large volume or requires a large ground-plane. Alter-

natively, the concept of the frequency-reconfigurable multiband

antenna [2] has been proposed to develop multiband monopole

antennas for WiFi and WiMAX applications [3]. Such recon-

figurable antennas are reported to have the advantages of being

able to switch to a desired service and to achieve good out-of
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Fig. 1. Tri-band monopole antenna with single-cell MTM loading and a “de-
fected” ground-plane. All dimensions are in mm: � � �, � � ���,
� � ��, � � ����, � � ���, � � ����, � � �, � � �,
� � ���, � � ���, � � ���, � � �, � � �, � � 	,
� � ���� and slot width � � �. (a) Top view. (b) 3D schematic.

band noise rejection performance. However, this is traded off

with an increased design complexity and an increased fabrica-

tion cost associated with switches and bias circuits.

Transmission-line metamaterials (TL-MTM) [4]–[6] provide

a conceptual route for implementing small resonant antennas

[7]–[17]. TL-MTM structures operating at resonance were first

proposed in order to implement small printed antennas in [8]

and [9]. Furthermore, a dual-band MTM-inspired small antenna

for WiFi applications was shown in [18] and multiband MTM

resonant antennas were shown to exhibit several left-handed

modes in [19]. However, typically TL-MTM antennas suffer

from narrow bandwidths. Recently, [12] addressed the band-

width problem by proposing a two-arm TL-MTM antenna res-

onating at two closely spaced frequencies. Another method to

enhance the bandwidth consists of merging two resonances to-

gether in a TL-MTM printed monopole antenna [20].

In this work, a compact tri-band monopole antenna is pro-

posed using reactive loading, that was inspired by previous

TL-MTM work, and a “defected” ground-plane [21], in order

to meet the specifications of the WiFi bands (lower WiFi band

of 2.40 GHz – 2.48 GHz and upper WiFi band of 5.15 GHz –

5.80 GHz) and the WiMAX (3.30 GHz – 3.80 GHz) band while

maintaining a small form factor. Herein, we thoroughly explain

the operation of the proposed tri-band antenna and we fully

characterize its performance both numerically and experimen-

tally. As shown in Fig. 1, the proposed co-planar waveguide

(CPW)-fed monopole antenna is loaded in a left-handed

manner, inspired by the NRI-TL metamaterial unit cell [11].

0018-926X/$26.00 © 2010 IEEE
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Fig. 2. (a) Case 1: unloaded monopole antenna, (b) Case 2: dual-band
monopole antenna with single-cell MTM loading and (c) Final: tri-band
monopole antenna with single-cell MTM loading and a “defected” ground.
The dimensions of these antennas are given in the caption of Fig. 1. (a) Case 1.
(b) Case 2. (c) Final.

This loading consists of a single MTM cell which allows the

monopole antenna to operate in two modes [20], covering both

the WiFi bands. The first is a folded monopole mode, where the

monopole together with the single-cell MTM loading forms a

folded monopole around the frequency of 5.5 GHz [11]; The

second mode is a dipole mode where the single-cell MTM

loading forces horizontal currents to flow along the top edges of

the ground-plane, thus rendering the entire ground a radiator at

around 2.5 GHz. It will be shown in Section II, that the currents

corresponding to the two modes are orthogonal to each other,

as shown in Fig. 5. The third resonance covering the WiMAX

band from 3.3 GHz to 3.8 GHz, is achieved by “defecting” the

ground-plane by cutting an -shaped slot from one side of the

CPW ground. Air bridges are added at the antenna terminals to

ensure that only balanced currents flow on the CPW feedline.

The resulting antenna is compact (including the ground-plane),

completely uniplanar, low profile and “via-free”. Therefore, the

proposed antenna is easy to fabricate using simple photolithog-

raphy. A prototype antenna has been fabricated and tested. The

measurements show good impedance matching at the WiFi

and WiMAX bands, orthogonal pattern diversity in each of the

WiFi bands and a reasonable radiation efficiency, all of which

make it well suited for wireless LAN applications.

II. ANTENNA DESIGN

The antenna was designed on a low-cost FR4 substrate with

height mm, and . A rect-

angular patch was chosen as the monopole radiation element.

The length of the patch was adjusted according to the general

design guideline that the lowest resonance is determined when

the length of the monopole, , is approximately . There-

fore, an monopole results in the lowest res-

onance occurring at 6.0 GHz, as can be seen in Fig. 4. This

refers to the initial design where the metamaterial-inspired reac-

tive loading and the “defected” ground-plane are not employed,

which is shown as Case 1 in Fig. 2. In order to compare the per-

formances with the proposed tri-band antenna shown in Fig. 1,

the size of the monopole element and the width of the ground

for Case 1 were kept the same as the proposed design. How-

ever, the length of the ground in Case 1 was adjusted to 20 mm

in order to achieve good impedance matching. The antenna was

fed by a CPW transmission-line, which can be easily integrated

Fig. 3. The equivalent circuit when the proposed tri-band antenna operates at
the monopole mode. The dimension � refers to the size of the NRI-TL unit cell
and it corresponds to roughly the length of the monopole � with reference to
Fig. 1(a).

Fig. 4. Simulated �� � for Case 1: unloaded monopole antenna, Case 2:
dual-band monopole antenna with single-cell MTM loading and Final: tri-band
monopole antenna with single-cell MTM loading and a “defected” ground, as
shown in Fig. 2.

with other CPW-based microwave circuits printed on the same

substrate. The CPW feed was connected to the coaxial cable

through a standard 50 SMA connector. All the structures were

simulated in the finite-element method (FEM) based full-wave

solver, Ansoft HFSS. The connector and coaxial cable were in-

cluded in all simulations to characterize their effects on the an-

tenna performance. Since the operating frequency of the initial

design (unloaded monopole) was above the range of interest for

existing wireless LAN applications, different approaches using

single-cell MTM loading and a “defected” ground were pursued

to create the corresponding second and third resonances, at a

lower frequency range in order to meet the wireless LAN spec-

ifications.

A. Single-Cell Metamaterial Reactive Loading

In order to maintain the antenna’s small form-factor while

decreasing the operating frequency, the CPW monopole was

loaded with a single asymmetric negative-refractive-index

transmission-line (NRI-TL) metamaterial-based unit cell.

The equivalent circuit for the antenna of Fig. 1 is shown in Fig. 3

(at the folded monopole mode). The series capacitance, ,

was formed between the monopole on the top of the substrate

and the rectangular patch on the bottom of the substrate (see

Fig. 1(b)). The MTM cell was asymmetrically loaded with two

shunt inductances, and . was formed by the inductive

strip at the base of the monopole, while was formed by

the thin inductive strip that joins the rectangular patch beneath
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Fig. 5. HFSS-simulated surface current distribution on the conductors of the
tri-band monopole antenna with single-cell MTM loading and a “defected”
ground-plane at the resonant frequencies of (a) 5.80 GHz and (b) 2.44 GHz.
(a) Folded monopole mode (5.80 GHz). (b) Dipole mode (2.44 GHz).

the monopole to the rectangular patch beneath the right-hand

ground plane.

In order to simplify the fabrication, a via-free approach to

implement the asymmetric unit cell was used, which can be

realized using low-cost thin-film technology. In order to achieve

a shunt RF short to ground at high frequencies, the capacitor

was used, which connects the shunt inductor to ground (see

Fig. 1(b)). The capacitor was formed between the right-hand

ground plane and the rectangular patch beneath it.

Case 2 in Fig. 2 refers to the dual-band monopole antenna

with single-cell MTM loading. In Case 2, the feature of the

Fig. 6. Simulated �� � of the equivalent dipole antenna representing the tri-
band monopole antenna with single-cell MTM loading and a “defected” ground-
plane when operating under the dipole mode, as shown in Fig. 5(b).

“defected” ground is temporarily removed, while the other ge-

ometrical parameters remain the same as the tri-band antenna

shown in Fig. 1(a). From Fig. 4, it can be observed that the

monopole antenna with this single unit-cell MTM loading ex-

hibits dual-resonance characteristics [20]. The geometrical pa-

rameters, namely the size of the square patches underneath the

monopole patch and the length of the thin strip determine ,

and shown in Fig. 3, respectively. They were adjusted in

order to obtain in-phase currents along the top monopole and

along the thin bottom strip at the resonant frequency around 6.0

GHz. When operating in the folded monopole mode, the an-

tenna acts as a two-arm folded monopole along the -axis, sim-

ilar to the four-arm folded monopole of [11]. As discussed in

[11], it is possible to eliminate the odd-mode currents along the

CPW feedline by adjusting the printed lumped elements, thus

enabling the -directed even-mode currents on the antenna to

radiate. This can be seen from the HFSS-simulated current dis-

tribution of Fig. 5(a).

In addition to the monopole resonance at around 5.0 GHz –

6.0 GHz, the metamaterial loading introduces a second reso-

nance around 2.4 GHz – 2.5 GHz, which is desired for WiFi

applications. At this frequency, the antenna no longer acts as a

folded monopole along the -axis, but rather as a dipole oriented

along the -axis, as shown in Fig. 5(b), where the current path

was sketched from HFSS. Since the currents along the right edge

of the left ground-plane section are flowing against the currents

along the left edge of the right ground-plane section, only the

in-phase currents along the top edges of both the ground-plane

sections contribute to the radiation, which renders the ground-

plane as the main radiating element. The length of the current

path , which is related to the size of the ground-plane,

determines the resonant frequency. This is verified by the sim-

ulation for a central-fed dipole shown in Fig. 6. In Fig. 6, the

equivalent dipole was simulated with the same substrate and the

same length of . The resulting resonant frequency

is 2.42 GHz, which agrees with the dipole-mode resonance for

the simulated of the tri-band antenna shown in Fig. 4. Be-

sides, since the dipole-mode currents for the proposed design

are flowing in a meandered path, an even larger miniaturization

factor is achieved, compared to the loaded monopole antenna re-

ported in [20] where the dipole-mode currents only flow along

the top edges of the ground-plane.
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Fig. 7. HFSS-simulated current distribution at the intersection between the an-
tenna terminal and the CPW feedline under the dipole mode of operation.

Ideally, the dipole mode would not be excited for the reg-

ular monopole antenna due to the symmetric current distribution

along the central line of the CPW feedline. In order to excite this

mode, a single unit cell of MTM reactive loading was utilized.

At low frequencies, the host transmission-line sections are very

short and can be considered negligible. Assuming that the feed

is placed at the base of the shunt inductor , the entire circuit is

simply transformed into a series resonator formed between the

loading capacitors and and the loading inductors and

, as shown in Fig. 1(b). If the resonant frequency of the se-

ries resonator is designed to overlap with the dipole mode reso-

nance of the antenna, it forms a short circuit and therefore forces

the in-phase currents along the -axis flowing from one side of

the ground to the other, through the path shown in Fig. 5(b).

This enables the ground-plane to radiate in a dipolar fashion,

which is orthogonal to the radiation at the higher frequencies.

Bearing in mind the design considerations discussed above, the

optimized loading patches have dimensions of 3.0 3.0

and 2.5 2.5 , respectively, and the two sections of thin

strips have the same length of 5.5 mm and width of 0.25 mm. In

addition, the position of the central line of the CPW inner con-

ductor is tuned and placed 1.7 mm off from the central symmetry

line of the antenna, in order to obtain a good impedance match

to 50 , which in turn results in asymmetric ground-planes, as

shown in Fig. 1(a).

Since the currents need a path from one ground to the other,

an air bridge made of copper wires was placed at the intersec-

tion between the antenna terminal and the extended CPW feed-

line, in order to provide a shorting path. Additional air bridges

were placed at the CPW feed side and parallel to the first air

bridge, which ensure balanced currents and preserve the CPW

mode. Fig. 7 shows the transition of the currents from unbal-

anced to balanced at the terminal, where one can observe that

the majority of the unbalanced currents pass through the first

air bridge but after the third air bridge, they are effectively sup-

pressed. It is worth mentioning that in practice, the CPW feed

with air bridges can be replaced with a conductor backed CPW

with a ground-via fence which offers the additional advantage

of lower EMI radiation.

Lastly, it can been seen that there is a small dip around 3.6

GHz for Case 2 shown in Fig. 4. This corresponds to another res-

onant current path along the ground plane, which is nevertheless

weakly excited. The length of this current path is approximately

, which can be verified using an equivalent dipole sim-

ulation, similar to that shown in Fig. 6.

The dual-mode operation due to the metamaterial loading is,

indeed, verified by the HFSS simulation for Case 2 shown in

Fig. 2(b). As seen in Fig. 4, the simulated magnitude of for

the monopole antenna with single-cell MTM reactive loading

(the dashed line) has a desired higher resonance at around 5.48

GHz which is lower than 6.0 GHz for Case 1 and covers the

bandwidth ( ) starting from 4.95 GHz to up to 7 GHz,

while the lower resonance is centered at 2.46 GHz and has a

bandwidth of 90 MHz.

B. The “Defected” Ground-Plane Antenna

In order to create the third resonance to meet the require-

ment for the WiMAX application (3.30 GHz – 3.80 GHz) in

the responses of the monopole antenna with the proposed re-

active loading (Case 2 in Fig. 2(b)), a slot was cut out of the

antenna ground-plane, thus forming a defected ground-plane.

Similar to [22], an -shaped slot was chosen to achieve a longer

effective slot length, without having to increase the size of the

ground-plane. However, unlike having the slot cut at the top

edge of the ground [22], the proposed design has the slot cut

at the bottom edge, to avoid the discontinuity of the current

along the top edge of the ground-plane, which contributes to the

dipole-mode radiation. The width of the slot is while

the vertical and horizontal length of the slot, and , were

adjusted in order to achieve a good impedance match throughout

the WiMAX band. This leads to the final design topology as

shown in Fig. 2(c). It can be seen from Fig. 4 (solid line) that

inserting the -shaped slot provides the third resonance around

3.5 GHz for the WiMAX band, while the dual-mode operation

for the WiFi bands at around 2.5 GHz and 6.0 GHz is preserved.

The resonance due to the slot can be explained by observing

the surface current distribution on the conductors of the an-

tenna, as shown in Fig. 8. As can be seen, there is a strong

concentration of the currents along the -shaped slot on the

left ground-plane. The slot forces the current to wrap around

it and thus creates an alternate path for the current on the left

ground-plane, whose length is approximately at its reso-

nance. It is also noted from Fig. 8 that the -shaped slot does not

significantly affect the balanced CPW mode, since it is placed

far enough away from the CPW. Even if there were a minimal

amount of unbalanced current, it would be eliminated by the air

bridges applied at the intersection between the antenna and the

extended CPW feedline, as shown in Fig. 7.

Fig. 9 shows the simulated magnitude of for a parametric

study of the length of the horizontal slot . It can be observed

that the horizontal cut has a large influence on exciting the slot

mode. When , which refers to the case that there is

only a vertical slot cut from the bottom, the slot mode is barely

excited, compared with the simulated parameter characteris-

tics in the case without a “defected” ground (Case 2) in Fig. 4.

Moreover, it can be seen that the vertical slot cut from the bottom

doesn’t affect the folded monopole and dipole modes. As is

gradually increased, a better impedance match is achieved over
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Fig. 8. HFSS-simulated surface current distribution on the conductors of the
tri-band monopole antenna with single-cell MTM loading and a “defected”
ground-plane at the resonant frequency of 3.76 GHz.

Fig. 9. Simulated �� � of the tri-band monopole antenna with single-cell
MTM loading and a “defected” ground-plane for the different lengths of the
horizontal slot � .

the WiMAX band, while the performances of the monopole and

dipole modes are both preserved.

The final design of the tri-band monopole antenna with

single-cell MTM reactive loading and a “defected” ground

is shown in Fig. 1. The geometrical parameters were deter-

mined based on the previous discussion and were fine-tuned

in order to meet the WiFi and WiMAX bands require-

ments. As shown in Fig. 1, the full size of the tri-band

monopole antenna (including the ground-plane with the size

of ) is 20.0 mm 23.5

mm 1.59 mm, or , with respect to

the lowest resonant frequency of 2.45 GHz. The compact size

and the tri-band performance of the antenna make it a good

candidate for emerging WLAN applications.

III. SIMULATION AND EXPERIMENTAL RESULTS

The tri-band monopole antenna was fabricated and tested.

The fabricated prototype is shown in Fig. 10, and the measured

versus the simulated magnitude of from HFSS are shown in

Fig. 11. The antenna exhibits a simulated bandwidth of

80 MHz for the lower WiFi band from 2.40 GHz to 2.48 GHz

Fig. 10. The fabricated prototype of the tri-band monopole antenna with single-
cell MTM loading and a “defected” ground-plane. (a) Front side. (b) Back side.

Fig. 11. Measured and HFSS simulated �� � for the proposed tri-band
monopole antenna with single-cell MTM loading and a “defected” ground.

and a bandwidth from 5.13 GHz to beyond 7 GHz for the higher

WiFi band. It also exhibits a bandwidth of 590 MHz

for the WiMAX band from 3.30 GHz to 3.89 GHz. The perfor-

mances beyond 7 GHz are out of the scope of our interest for

WiFi and WiMAX applications. The measured band-

width is 90 MHz from 2.42 GHz to 2.51 GHz for the lower WiFi

band, and from 5.20 GHz to beyond 7 GHz for the second WiFi

band. The measured bandwidth for the WiMAX band is 620

MHz from 3.35 GHz to 3.97 GHz. The simulated results and

the measured results show good agreement.

The simulated and measured radiation patterns for the

proposed tri-band monopole antenna with single-cell MTM

reactive loading and a “defected” ground-plane are plotted in

Figs. 12–14 for the three principle planes at the frequencies

of 5.50 GHz, 2.45 GHz and 3.50 GHz, respectively, where

good agreement between the simulations and measurements

can be observed. Fig. 12 shows the radiation patterns at 5.50

GHz for the -plane ( -plane and -plane) and the -plane

( -plane). The fact that the antenna exhibits radiation patterns

with a horizontal -directed linear E-field polarization, verifies

that the antenna operates in a folded monopole mode around

5.50 GHz, due to the -directed in-phase currents along the

monopole and the thin vertical inductive strip, as shown in

Fig. 5(a). The -directed currents along the thin horizontal

inductive strip have a contribution to the cross polarization

in the -plane. It can also be seen that at this frequency, the

slot on the left ground has a minimum contribution to the

radiation since the currents are dominated by the -directed
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Fig. 12. Measured and simulated radiation patterns for the tri-band monopole antenna with single-cell MTM loading and a “defected” ground-plane at 5.50 GHz.
Solid line: measured co-polarization, dashed black line: simulated co-polarization, solid blue line: measured cross-polarization, and dash-dot black line: simulated
cross-polarization. (a) ��-plane. (b) ��-plane. (c) ��-plane.

Fig. 13. Measured and simulated radiation patterns for the tri-band monopole antenna with single-cell MTM loading and a “defected” ground-plane at 2.45 GHz.
Solid line: measured co-polarization, dashed black line: simulated co-polarization, solid blue line: measured cross-polarization, and dash-dot black line: simulated
cross-polarization. (a) ��-plane. (b) ��-plane. (c) ��-plane.

Fig. 14. Measured and simulated radiation patterns for the tri-band monopole antenna with single-cell MTM loading and a “defected” ground-plane at 3.50 GHz.
Solid line: measured co-polarization, dashed black line: simulated co-polarization, solid blue line: measured cross-polarization, and dash-dot black line: simulated
cross-polarization. (a) ��-plane. (b) ��-plane. (c) ��-plane.

ones along the monopole. At this frequency, the simulated

radiation efficiency is 85.9%, which is in good agreement

with the measured efficiency of 85.3%, using the Wheeler Cap

method [23]. The Wheeler cap measurements were conducted

according to the method described in [23], where the measured

data in free-space and within the Wheeler cap were rotated on

the Smith chart in order to obtain purely real values for the input

resistance at resonance. The sphere used in the measurements

is shown in Fig. 8 of [11], together with the pertinent details of

its size. For this size Wheeler cap, its resonant frequency was
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TABLE I
SIMULATED AND MEASURED GAIN AND RADIATION EFFICIENCY FOR THE TRI-BAND MONOPOLE ANTENNA

WITH SINGLE-CELL MTM LOADING AND A “DEFECTED” GROUND-PLANE

calculated to be 0.69 GHz, which is well below the operating

range of the tri-band antenna. Therefore, during the efficiency

measurements at the three distinct resonant frequencies, special

attention was paid in order to avoid any of the cavity resonances

by slightly re-adjusting the position of the antenna within the

Wheeler cap. Since the antenna was completely enclosed by the

Wheeler-cap sphere during the measurements, this eliminated

any potential radiation from the feed cable.

At 2.45 GHz, the -directed currents contribute to the radi-

ation, as shown in Fig. 5(b). This is consistent with the radia-

tion patterns measured at the same frequency shown in Fig. 13.

The radiation patterns in the -plane and the -plane, which

correspond to the two -planes of the ground-plane radiating

mode, indicate that the structure radiates in a dipolar fashion

at this frequency. Similar to [20], there is, however, a partial

filling of the null around 90 in the -plane, that can be at-

tributed to constructive interference from the -directed currents

along the CPW and the vertical thin inductive strip, and also the

-directed current around the slot on the left ground-plane. This

additional current also manifests itself in the cross-polarization

data of the -plane in the direction, as can be seen in

Fig. 13(b). In the -plane, which corresponds to the -plane of

the radiating ground-plane, the radiation pattern is as expected

omnidirectional. Therefore, at 2.45 GHz, the antenna exhibits

a -directed linear -field polarized radiation pattern. It is or-

thogonal to the one observed at 5.50 GHz, which verifies the

in-phase -directed currents across the ground. The simulated

and measured efficiencies are 69.8% and 67.4%, respectively,

which show good agreement.

Fig. 14 shows the radiation patterns at 3.50 GHz. Since the

-shaped slot which is cut out of the left ground-plane results

in meandered currents along both the -direction and the -di-

rection, which have independent contributions to the radiation,

it is observed from Fig. 14 that the antenna exhibits two linear

electric fields that are orthogonally polarized in both the and

directions. Additionally, the axial ratio attains values close to,

but greater than, one around the broadside direction, in-

dicating circular polarization behavior. The measured efficiency

at this frequency is 86.3%, compared to a simulated efficiency

of 88.2% at the same frequency.

The measured and simulated gain and radiation efficiency

values, at the frequencies of 2.45, 3.50, and 5.50 GHz, are sum-

marized in Table I.

IV. CONCLUSION

A tri-band and compact monopole antenna is proposed, that

can be used for WiFi and WiMAX applications. The antenna

consists of a regular CPW-fed printed monopole antenna with

the embedded features of metamaterial-based single-cell reac-

tive loading and a “defected” ground-plane, which introduce an-

other two resonances at the lower frequencies, in addition to

the monopole resonance. The theoretical performance is verified

by full-wave simulations and experimental data. The fabricated

prototype with a size of provides a

90 MHz ( ) bandwidth from 2.42 GHz to 2.51 GHz for

the IEEE 802.11b/g/n standard (lower WiFi band) and a broad

band from 5.20 GHz to beyond 7 GHz for the IEEE 802.11a/n

standard (upper WiFi band), and also a bandwidth of 620 MHz

from 3.35 GHz to 3.97 GHz for the WiMAX band. The an-

tenna exhibits dipole-like and monopole-like radiation patterns

within the lower and upper WiFi bands, respectively, which are

orthogonal to each other. The radiation patterns at the WiMAX

band exhibit two orthogonal linear E-field polarizations as ex-

pected. Reasonable radiation efficiencies, in the range of 70%

– 90%, are obtained for all three bands. Fed by the CPW trans-

mission-line, the proposed antenna can be easily integrated with

CPW-based microwave circuits. These attributes make the pro-

posed antenna well suited for emerging wireless applications.
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