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Abstract e S0 >

In this paper, a planar CPW-fed ground short-circuited e
staircase rectangular monopole antenna is proposed for
UWB systems. By connecting ground plane at the edge of a
staircase rectangular monopole, lower edge resonance
frequency moves from 3.5GHz to 2.66GHz in the proposed
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antenna, hence wide impedance bandwidth can be obtained. -, =
The proposed antenna, which includes two-step impedance
transformed CPW feed and four-step rectangular patch, 15 3
experimentally reaches a measured -10 dB impedance o)l
bandwidth of 12.11 GHz (from 2.66 to 14.77 GHz) covering
the entire UWB band. Also, a moderate gain variation from 50
1.87 to 5.18 dBi and a monopole-like radiation pattern are ler »
obtained. The measured results are in good agreement with :
the simulated results. i;—‘

1. INTRODUCTION Ground S |
For many years, the Ultra-Wideband (UWB) communication Y Y
systems have much attention because of their low spectral | Units [mm] h-16 44
power density and higher data rates. Designed for short-range,Fig. 1: Geometry of the proposed CPW-Fed ground short-circuited
wireless personal area networks (WPANs), UWB is the staircase rectangular monopole UWB antenna

mmission (FCC) has mandated that UWB radio
zQnsmissions can legally operate in the range from 3.1 GHz
The UWB system complements other longer range ra ) t0 10.6 GHz, at a Iimite'd transmit power of -41dBm/MHz.
technologies such as Wi-Fi, WIMAX, and cellular wide are onsequently, UWB prowdes dramatic channel_ capacity at
communications. It is used to relay data from a host devic short range that limits mte_rferenpg. To support this system, an
other devices in the immediate area (up to 10 meters). Thi B antenna has to satisfy @@ impedance bandwidth of

] e -10.6 GHz, phase linearity and gain flatness with compact
system provide fast transmission speed (more than 500 M S
which is 10 times faster than the wireless local area netwd e, easy fabrication and low cost. For the trade off between

(WLAN) standard. A traditional UWB transmitter works b)ga'n (bandwidth) and antenna (patch) size to dgsign the UWB
sending billions of pulses across a very wide spectrumzm‘tenr.‘a’ It is .|mportant to select the feeding type and
frequencies several GHz in bandwidth. The correspondi tching techmque. So, many planar broadband antennas
receiver then translates the pulses into data by listening f e b_een studied and rep_orted for UWB communications
familiar pulse sequence sent by the transmitter. Specifica using monopole arld dipole based structures. Normal'ly
UWB is defined as any radio technology having a spectr V\./'fEd and_ microstrip-fed UWB antennas are the basic
that occupies a bandwidth greater than 20 percent of ﬁgdmg techniques for the monopole and dipole antennas. The

center frequency, or a bandwidth of at least 500 MHz. UW eschniques for UWB antenna were such as a probe-fed bevel

combination of broader spectrum and lower power improv‘é@h a shorting post [1], microstrip-fed rectangular monopole

speed and reduces interferencéhwither wireless spectrum.W'th a shortlng hole [2], microstrip-fed monopolg with
In the United States, the Federal Communicatiof&" oW slit [3], CPW-fed rectangular monopole with two
' parasitic elements and three slots [4] and CPW-fed

high-speed wireless connection of multiple devices f

leading technology for freeing people from wires, enabli%
transmission of video, audio and other high-bandwidth da



trapezoidal monopole with two steps [5]. The use of shorti o
pin and posts has been shown to reduce the lower-e
frequency by introducing an extra mode, and this makes
antenna smaller. For UWB antennas, the matching techni il
of short-circuiting with ground plane was introduced i
coaxial-feeding [1] and microstrip-feeding [2], but CPW
feeding type antenna was not reported. It motivates this stuc
In this paper, a planar CPW-fed ground short-circuite
staircase rectangular monop&&VB antenna is proposed. It L
looks like a single layered inverted-F antenna. The propo: L
antenna consists of a two-step impedance transformed CF 30
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Fig. 3: Simulated and measured return loss for the proposed antenna
2. ANTENNA DESIGN (1) single-step feed (4mm) and with ground short-circuited stub

(1) two-step feed and without ground short-circuited stub

. [1) two-step feed and with ground short-circuited stub (proposed design
Fig.1 shows the geometry of the proposed antenna. nge) P g (prop o)

antenna is mounted on the FR4 dielectric substrate whichyis - coc are composed of step 1 (7 x $)step 2 (14 x 2

thickness of 1.6 mm and relative permittivity)(of 4.4. As mnd). step 3 (18 x 1.5 mihand step 4 (30 x 4 Fig.2
shown in this figure, the antea includes a planar four-ste, ). step 3 ( 5 mip P4 nfp Fig

. . RNant é)ws the implemented antenna of the proposed design.
staircase rectangular monopole with a ground short-circuite
stub and two-step impedance transformer at the CPW-fed
line. The size of the staircase rectangular patch is only 30 x

105 mnf anq t_he t_otal antenna s_ize _is 30 x 32 ‘mithe The proposed antenna was designed and optimized using the
CPW transmission line has two strip widths g=F mm and spsqt high-frequency structusimulator (HFSS) simulation
F,=1 mm. The gap (g) between the feed line and grougiGyare The return loss was measured using the Agilent

plane is 0.3 mm to obtain 80port impedance. The two-steprq hnologies N5230A (10 MHz - 20 GHz) PNA-L Network
impedance transformer of the CPW-fed line changes the feg lyzer. The impedance matching of 2 ~ 5 GHz band is

line impedance from 47 to 642. Each ground plane Nasyte teq mainly by the dimension of step 3 and 4 and that of 5

two-zstep dlmensflon 12.7 x.15 MitF, feed side) _and 14.2X5_15 GHz is affected by step 1 and 2 in the simulation. To
mm- (F, feed side). The impedance bandwidth for plangf,estigate the effect of two-step impedance transformed
monopole has been shown to be dependent on the feed@8{y . feeding and ground short-circuited stub, each case was
separation G. The gap (G) between the step 1 rectangulafated and depicted in Fig.3. It shows the simulated and
patch and ground plane is optimized at 1.5 mm. Als0, th a5\ red return loss of the antennas for the single-step (4

ground short-circuited stub of B mm and L=0.5 mm is . . - . .
connected to the step 4 rectangular left edge for lo ngrrn) feeding with ground short circuited stub ), two-step

ing without a ground short circuited stub) @nd two-
resonance frequency enhancement. The upper reson@sﬁég feeding with a ground short circuited stub. (In case of

frequency is dependent on the geometry of the patch elerT1\(/avo-step feeding and ground short-circuited stub, the staircase

close to the ground plane and feed, where the current denrsﬁlt opole can have wide impedance bandwidth. Increasing

IS greatest. In this paper, the mld_and upper freq_uency bﬁlﬂe input impedance of the rectangular monopole, the ground
matching is controlled by changing the dimension of th‘:ﬁort-circuited effect is maximized significantly. The

simple staircase monopole. The four-step rectangusallrrnulated results are well agreed with the measured ones. The

measured return loss of ttwo-step impedance transformer
antennas with(() and without () ground short-circuited stub

is shown in Fig. 4. The measured -10 dB impedance
bandwidth is 12.11 GHz (from 2.66 to 14.77 GHz). Due to
the ground short-circuited stub the lower resonant frequency
is moved from 3.49 to 2.66 GHz. With this lower frequency
improvement the overall impedance bandwidth is also
enhanced. The first resonance frequency is directly associated
with the dimension of the staircase rectangular monopole
. 8 S because the current is mainly distributed along the edge of the
staircase. The distance from the lower center point of step 1 to
the right side edge of step 4 is 25.5 mm. This is

3. RESULTS

L

'Fig. 2: Imple'me'nte(':l Antenna
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Fig. 4: Measured return loss
(1) without ground short-circuited stub
(L1) with ground short-circuited stub (proposed design) 240

the 0.37 wavelength at the lower edge frequency of 2.66 GHz
In this design, the length of patch from ground plane is
focused to minimize, hence 10.5 mm is only about 0.15
wavelength and 30 mm is 0.43 wavelength of the first
resonance frequency. In commercial antenna design, the siz .,
of antenna is a critical factor for implementation. For example,
mobile handset antenna is supposed to have smaller vertice
length and height than horizontal length. With this ground
short-circuited stub to the monopole antenna, more wide
impedance bandwidth can be obtained while minimize the
feed direction (vertical) length of the patch and enlarge the
horizontal length. The simulated current distribution is shown X_Z‘;L‘Iane © ;; plane

in Fig. 5. Fig. 5(a) shows the current pattern nea}r the f'rs_t Fig. 6: Measured radiation patterns for the proposed antenna
resonance at 3 GHz. The current pattern at 8 GHz is shown in (a) 3.0 GHz; (b) 5.5 GHz; (c) 8.0 GHz

Fig. 5(b). As shown in Fig. 5, the current is mainly distributed

along the edge of the staircase patch and ground shabnopole-like radiation patterns in the y-z planes is shown at
circuited stub, which indicates that the ground short-circuit8&Hz, but the higher frequencies pattern (5.5 and 8 GHz) is
stub acts as the part of the radiating structure. The currerdigtorted because of other current modes. The radiation
8GHz is mainly distributed from feed to the ground shorpatterns in the x-z planes are approximately omni-directional
circuited stub. The measured radiation patterns of tbeer the all frequencies. In Fig. 7 the measured antenna gains
proposed antenna in the x-z plane and y-z plane at 3.0, arg, about 1.87-5.18 dBi with small variation of 3.31 dB.
and 8.0 GHz frequencies are illustrated in Fig. 6, respectively.

The patterns, which are normalized to maximum gain, shov 6
acceptable variation in pattern with varying the frequency.
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Fig. 7: Measured peak gain of the proposed antenna

" (b) 8.0 GHz
Fig. 5: Current distribution of the proposed antenna
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4. CONCLUSION

A planar CPW-fed ground short-circuited staircase
rectangular monopole antenna has been proposed and
implemented for UWB applications. Using the four-step
rectangular monopole, a ground short-circuited stub and a
two-step impedance transformer, the proposed CPW-fed
UWB antenna yield wideband impedance bandwidth of 2.66—
14.77 GHz. Good radiation characteristics and moderate gain
are obtained at the entire BAband. The CPW-fed structure
with ground short-circuited could be preferred in MMIC
technology due to the ease of fabrication.
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