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ABSTRACT

This paper presents a design of a compact andesimtpa-wide band planar
antenna with dual band notched. The antenna cersfist microstrip-fed line
and two rectangular slots in the ground plane. dds2gn produces a wide band
operation with return loss less than -10dB in ttemjdiency range of 2 to 9.5
GHz. By using a rectangular patch in conjunctiothvei U patch and etching a
U-shaped slot in the feed line, the band of theram is increased with two
notched bands of central frequencies at 3.5GHZAaB@GHz. Defected ground
plane and an open shunt stub are proposed to imptbg impedance
bandwidth of the presented antenna. Parametrigestodl antenna elements are
presented. The proposed antenna is fabricated mMBa@sured data show very
good agreement with the simulated results.
Key words: ultra wide band (UWB), microstrip feed line, dirgnd notched,
planar antenna

1. INTRODUCTION

Recently, the microstrip patch planar antennas ataincreasingly important role in
communication systems operated in the ultra-widedl@@WB) due to their attractive
merits, such as small size, low cost and ease lwicition. Ever since the Federal
Communication Commission (FCC) released the untiedriJWB spectrum within the
range 3.1-10.6 GHz for the commercial purposeddsgn of UWB patch antenna has
attracted considerable interest in both the acadesociety and wireless industry
community. Such types of antennas have many adyesitauch as low power
consumption, support of high secured data ratesangle configuration [1]. However,
there are some other existing narrowband systerush sas WLAN system
(IEEE8B02.11a and HIPERLAN/2) operates in the bafd52-5.8 GHz and the
WIMAX system in 3.2-3.8 GHz band which may causeese electromagnetic
interference to UWB antenna operation. To avoichsuassible interference between
UWB system and WLAN/ WIMAX systems without addindtdring circuits, it's
desirable to design UWB antennas with dual notdteattls in both 3-4 GHz and 5-6
GHz. In the last few years, band-notched UWB plasatennas based on various
techniques have been proposed. The conventionahoa®tare etching slots of
different shapes either of the radiating patchherdround plane [2-8], adding parasitic
elements near the patch [9], using an electromaghahd gap (EBG) structures [10],
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and using spiral loop resonator [11]. However, mafsthese antennas can perform
only one notched frequency band. Several ways aschsing two U-shaped slots in
the radiation patch and an rectangular slot in dieular polarized wave (CPW)

ground [12], loading L-type band stop filter anderting a split ring resonator (SRR)
[13], using two pairs of EBG cells which are desidrio act as stop-band filters [14],
and etching a C-shaped in the feed line and a @eshalit on the T-stub [15] can

provide the requirement band notched .

In this paper, a new and simple UWB patch antenith dual band notched is
proposed. The dual band-notched response in bdtlBiz and 5-6 GHz is achieved
by etching a U-shaped slot in microstrip feed lamel inserting a U-shaped patch with
conjunction with a rectangular patch.

2. ANTENNA DESIGN AND RESULTS

Figure 1 shows the geometry of the proposed duad-aotched UWB antenna. The
proposed antenna is fabricated ¥hx L = 30x40 mr FR4 substrate of 1.5mm

thickness with a dielectric constant of 4.7 andsldangentané = 0.025. Two

rectangular slots etched off the ground plane, afethem with dimension
L. Xx W, = 18 x 28 mn? and the other witle, X Wee = 6 X 6 mn?. The radiation

components are a rectangular patch with sizeLgix W, =6x12 mnt in
conjunction with a U-shaped patch of total lenfh = L3 +Lyz + Lyz = 12 mm
and a uniform widtFW,;=1 mm. These radiating components are fed by aostitp

line with a widthW;= 3 mm and a length; = 21 mm. This design produces an antenna
suitable to operate in the UWB from 2.1-9.4 GHzZwghe band notched at 5.5GHz.

w

,
-

r

b

(a) (b) (c)
Fig. 1: Geometry of the proposed antenna, (a)atl@ting patch with the feed, (b) the
ground plane with etched slot, (c) U-shaped slctted off the microstrip line.

To obtain a second rejected band at 3.5GHz, a tUssiched off the microstrip line
as shown in Figure 1.
The total slot lengtlh;,. is found to be approximately 043¢ of the slot, i.e.,
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Lejoe ¥ Ly + Lo+ Ly = .5 A455 (1)

where . ¢¢is the wavelength at the center frequency of thected band which is
given by [16]

Agpp="o
aff — /"I'E"Ef_f

whered, is the free space wavelength, and:; is the effective dielectric constant of

the narrow slot structure and is given as,

Eoff = Sr: : (3)

2

This slot is approximately equal to one half-wangkh at the center frequency of
the required stop-band. This resonator introdudgh heflection at its resonance
frequency. Thus, as a first order approximatiome, bquired slot length to obtain the
notch frequency is giv&gﬂby:

@

Lsor = —
Friotch[=eff

where c is the speed of light in free space. Eqna#) is used as a starting point for
optimizing the slot length to obtain the more aetervalue required to obtain the
band-rejection. It is found that the slot lengths la greater impact on the band-
rejection than the slot width. The three paramethrdsand L; are the most
significant factors to design the required ban@a&pn. The optimal values are: the
slot uniform width is 0.5 mmly = L, =13 mm, Ly= 1 mm, and.,.=3 mm.

To improve the impedance bandwidth, an open stygsdposed to match the input
impedance with 5Q input port as shown in Figure 1. The stub is cetewin shunt to
the feed line with size oL ,,s X Werns = 5 3 0.5 mn? at a distancé.,,.=6 mm from

the end of the lind he 3D view of the proposed antenna is shown inrei@.

i

Fig. 2: 3D view of the proposed antenna

Analysis of the proposed antenna is performed ukiR§S software for the better
impedance matching and impedance bandwidth indheband (2.1-3GHz), middle
band (4-5 GHz), high band (6.3-9.4GHz), and alsthanrejected bands of 3.5 GHz
and 5.5 GHz. The analysis is carried out by varyng parameter and keeping the
other parameters constants. The simulated retgsendbthe proposed antenna with the
optimal values of the parameters as mentioned &é$ashown in Figure 3. The results
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indicate that the impedance bandwidth of the arstén2.2 GHz to 9.2 GHz for return
loss less than -10dB with dual notched-band ir636&Hz.
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Fig. 3: Measured and simulated results as a fumctidrequency of the proposed
antenna, (a) return loss, (b) VSWR

3. Parametric Studies And Dimensions Optimization

3.1. Effect of the U-shaped slot etched off the feed line

The U-shaped slot etched off the feed line as shiowigure 1 is introduced to
achieve the 3.5GHz band rejection. Figure 4 shbwsffect of the slot on the 3.5GHz

band-rejection.

without U.slot

------ with U-slot

Return Loss (dB)

"M 2 3 4 5 B 7 B 9 10
Frequency (GHz)
Fig. 4: Return loss as a function of frequencyhef proposed antenna with and without
the U-shaped slot.
The results show that adding U-slot etched offféeel line improves the behavior of

the antenna.
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3.2 Effect of the open shunt stub

Figure 5 displays the simulated return loss anditinmpedance for the proposed
antenna with and without stub. The response cledlgtrates that the input
impedance of the antenna becomes slightly arougt (8t characteristic impedance
of the feeding line) over the entire bandwidth vhenhance the impedance matching
requirement.
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Fig. 5: lllustration of the effect of the open shatub of the proposed antenna, (a)
simulated return loss, (b) simulated input impe@anc

3.3 Dimensions optimization of the slot etched off the ground plane

Simulated return loss of the proposed antennalésileded at different values for the
lengthLs and width W; of the rectangular slot etched off the ground plare other

antenna parameters are kept constant at their alptimlues. The simulated results are
displayed in Figure 6. Adc increases, the impedance bandwidth increaseshand t
rejected band at the 5.5GHz is also increased. fEjested band is slightly shifted
toward the low frequency. Similarly by varyinly’; significant variations in the

response are noticed. Hence these two paramefiexs #ie bandwidth, impedance
matching, and the location of 5.5GHz notched fregydand of the antenna.
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Fig. 6: Simulated return loss as a function of iexacy of the proposed antenna, (a)
with different lengthd.;, (b) with different widthd4/

Figure 7 displays the simulated return loss fofed#nt values of the lengti.. and
width W, of the adjunct rectangular slot etched off theug plane with the optimal

values of the other parameters of the antenna elsmehe response clearly illustrates
that as the lengtt.;; increases the higher limit of the impedance badtwis

decreased and 5.5GHz rejected band is diminishedla8ly by varying the values of
W7, significant variations in the response are notit¢eid clear from the results that the

optimal value of thé&__ is about 6mm and}._ is 6mm.
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Fig. 7: Simulated return loss as a function of @iecy of the proposed antenna, (a) for
different lengthd. .., (b) for different widthd47,
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3.4 Effect of patch width W,and feeding line width W;

The bandwidth and impedance matching for differeilths W}, of the rectangular

radiating patch is depicted in Figure 8-(a). Theeotparameters of the antenna are the
same as those described in Figure 3. Increalpgauses reduction of the upper limit

of the antenna band and widens the 5.5 GHz notbhad. It can be noticed that the
optimal value ofi¥ is 14mm.
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Fig. 8: Simulated return loss as a function of fiegy of the proposed antenna, (a)
different widthsi¥j, (b) different widthi¥;

Simulated return loss is illustrated in Figure 34 different widthsW; of the feed
line for the same other antenna parameters agumefi3 .Increasing the widiHz,

increases the lower limit of the antenna band. ehe band becomes narrower. The
resonance frequency of both rejected bands 3.5¢&5&re shifted toward higher
frequencies and become larger. The illustratediteeshow that the optimal value of
Wris 3mm.

3.5 Optimization of the slot lengths L, and L, etched off the feed line:

In the proposed antenna the lenglhsL. are used to optimize the band-rejected
performance. The simulated results of the retuss lare displayed in Figure 9 for
different values oflyand L; .The results show that when the total length ef th

shaped slot is varied, the resonance frequenclgeoBt5 GHz rejected band is shifted
toward lower frequencies and its bandwidth becoliseger.
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Fig. 9: Simulated return loss as a function of @iexacy of the proposed antenna for
different lengthd.y andL,

4. Antenna Performance

Figure 10 shows the radiation patterns of the egantenna at 2.5GHz, 3.5GHz,
4.5GHz, 5.5GHz, 7GHz and 8.6GHz in the X-Z pland ¥rZ plane of theE; andEe

fields. The results of the radiation pattern denras that the radiation pattern in X-Z
plane is nearly omnidirectional at frequencies 23(4.5GHz, 7GHz and 8.6 GHz but
distorted at rejection frequencies 3.5/5.5 GHz. &dwoer, the radiation pattern in Y-Z
plane is a quasi-omnidirectional pattern.

(@
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(e)

(f)
Fig. 10: Simulated radiation patterns of the pregloantenna at (a) f= 2.5 GHz, (b) f=
3.5 GHz, (c) f= 4.5 GHz, (d) f=5.5 GHz, (e) f= 7 GHf) f= 8.6 GHz

The surface current distribution at notched fregyebands 3.5 and 5.5 GHz are
presented in Figure 11.The results illustrate thatsurface current distributions at 3.5
GHz are concentrated on the U-shaped slot etchédthef feed line which
corresponding to first notched frequency band wthitese at 5.5 GHz are concentrated
on the U-shaped patch that connected with rectangugtch which corresponding to
the second notched frequency band.
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Fig. 11: Simulated current distributions of proposed anteatn@a) f= 3.5 GHz, (b) f=
5.5GHz

The simulated peak gain and the radiation effigreatthe proposed antenna are
shown in Figure 12. It is observed that the gapdrover the two rejected bands and
the peak gain is almost flat around 4dBi and thdataon efficiency is almost 90%

over the entire operated frequency excluding atwleerejected bands.
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Fig. 12: Simulated results, (a) antenna gain,&bjation efficiency

5. CONCLUSIONS

A compact design of dual band-notched UWB planaerara is proposed. To
increase the impedance bandwidth of the proposeshiaa with a band notched at 5.5
GHz, a rectangular tuning stub in conjunction watHJ patch is introduced at the
interior portion of the ground slot. Additional cbed band of 3.5 GHz is introduced
by etching a U-shaped slot in the feed line. Tlmppsed antenna can operate from 2 to
9.5 GHz with return loss less than -10dB while simgwdual band-notched
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performance in 3-4 GHz and 5-6 GHz frequency bamdcwoid interference with
coexisting WLAN and WIMAX systems. The proposedeama introduces suitable
radiation patterns with good gain flatness over dperated UWB frequency band
excluding the rejected bands. Good performancéseoproposed antenna indicate that
it is suitable for current UWB communication apptions.
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