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A miplanar c~planar  waveguide-fed dual cxpme"tia1ly tapered slot antema i s  pmposed, 
using a lumpsd-slcmcnt impedance-(ransforming coplanar w~veguide-ta-rlotline transition 
as Ihe antenna f d m g  structure. The pmpased ante- features a compact ~ i i e ,  wide 
impedance bandwidth, and ~miisfenl  radiation pallems over the low-band of ultra- 
widsband (mvs) specr". In this work, the characleristicr ofpropsrsd antenna both in 
frequency and time domains are cmfully investigated. It is  dcmonrtatsd that minimum 
distorlion to Le UWB input p u k  can be sxpsoted. 

1. Introduction 

Ultra widcband (mvs) technology bccomcr the possible solution for shaflrange, low-power indoor 
data communication applicationr. It offcm rimultancourly high data rate c~mmunicatim and high 
BSCUTBI~  porilioning capabilities. Ons of lhs major challenger for UWB system is the antema design. due 
to the wide operation bandwidth required. The antems for UWB system require quite different dsrigu 
considerations and analyses fmm those lor narrowband JYILC~S. Morcovcr, due lo the pulse mode 
operation o f W B  system, the UWB antcnnar need to be analyzed not only in frequency domain but also 
in time domain [I]. The analyrer in fims domain reveal the charactenstics of the antenna whm 
implemenled in lhs WVB systems directly. Some previous works on UWB antenna designs may be found 
in lhc IIIF~~LUCS [21-[3]. 

In 2002, the Federal Communication Commission (FCC) defines a radio system to he an W B  one if 
thc Cmctional bandwidth of the signal is greater than 20% or 500 MHz on a -10dB level [4]. This lea& to 
B n w  method ofutilizing the UWT! spec-. It is barsd on using multiple bands with relatively narrower 
bandwidth 10 efficiently uiilizs the ITwB sps~mm. and Vanmiti mini of UWB signals at different 
camer frequencies. This may eaje the design of RF honl-md as well a3 the antenna [ 5 ] .  

In this work, a coplanar waveguide (CPW)-fed dual exponentially tapered slot antenna (DETSA) is  
pmposed. Here the Iumped-cIm" CPW-to-rlotlinc transifian [6] i s  adopted as the antenna feeding 
suucture Lo achieve B csmpa~t iizc. The antcnna features miplanar stru~ture, wide impedance bandwidth, 
and c~niistenl radiation pattemr D Y C ~  the operation bandwidth, In this study. the antenna performance for 
applicalianr in lhe low-band UWB iysfcm is also demonstrated. 

11. Antenna Structure 

Shown in Fig. I is the layout ofpropored CPW-hd DETSA. Here the DETSA [7] is adopted to achieve 
a wide operalion bandwidth. Although this anfennr is onen categorized into the traveling waw antcnna 
with end-Ere pattoms, i t  i s  also demonstrated 10 act 81 B resonance-type mema with uniform pattemr in 
lower frequency rangc providing that the feeding s1mslure is well desigucd. The tapered pmfiles o f  the 
antenna are descnbed with the cxponsniid functions [8]. The opening rates of the outer and inner 
boundrnes o f  the tapersd profils m r e  equal to 0.15 and 0.25, respaclivdy. for optimal antenna performance. 
The input slotline width i s  chosen D I  0.3". and the corresponding charactenstic impsdancc i s  amund 85 
ohm over the band. 

Far tho antema feeding ~w", hsrc the lumped-element impedancs-Vanrforming CPW-to-slotlint 
transition [6]  Is adopted to 6umcct ths input CPW line to the DETSA. SpsciBoally. the inferdigital 
~Vucture on lhe CPW center saip i s  used Lo realize a sene5 capacitor, while the shosed dotline rcub 
connected to one slot of CPW may he equivslent lo a shunt inductor. The 50-ohm CPW iine impedance 
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may then be mr fo rmed  10 the higher antenna input impedance through this lumped-clemenl L-Isclion 
impcdancc mafching circuit. In order lo suppress the unwanted odd CPW motk excited at the CPW- 
dotline junction, bondwires .%I suitable positions are also included. The r e q u i d  circuit area far this 
transition is small because it is bared on lumped-elm", rush that total area of the pmposed antenna can 
be reduced. The required ~ U C S  of the czpacilor and inductor for the uansilion may be defermined oncc 
Ihe input impedance of thc antenna i s  given. Their corresponding geometrical parameters may thm bc 
obtained through the closed-form dcsigm equations [6]. 

111. Results 

A CPW-fed dual exponentially tapcred dol antenna for Fig. I is  fabricated on a Rogers 5880 &mid 
substrate (&=2,2, tan8 = 0.0004, and lhicliness h = 1.575 mm), with the geometrid paramefcn specified 
on the same figwe. Thc measurement is taken wiul the HP8722 network analyser, and the ~imulation is 
done by the Ansoft HFSS. Shown in Fig., 2 are the measured and simulated ret_, IDIS~S of the pmpopoied 
anlcnna. God agreement bemeen them is obrcrved. The -10 dB impedance bandwidth is from 2.8 - 5.8 
GHE, and the overall si_ ofthc anlsma i s  45 mm by 36.7 mm. 

The measured radiation pallem at 4 GHz are shown in Fig. 3. The proposed m f e ~ a  exhibib an a h "  
omni-directional radiation panem in the H-piano, with a pcaL antenna gain of4. l  dBi. In order lo examine 
the performance of pmpored antenna when implemented in UWB systems, the widcband antenna transfcr 
function for the antenna under lei1 (AUT) i s  investigated. In this work, il is evalualed using 

H.~CI .B .O)= (~  s ~ ~ ~ ~ ( / . B . + +  s2,1/) l+coib( / )  ),.-, ( GA/ .w-B~,~u))  (1 )  

where 6, #) i s  the measured frequency response of tho pmposed antenna SI angle (s! d), and 
S,,& i s  that ofa standard antenna with specific gain G a i n n f l .  As shown in Fig. 4. (ha vanations of 
anleuna m r f s r  functions for various direcfims in H-plane are imall a m "  Le oprafion bandwidth. The 
phase response ofthe antenna transfer function a1 the boresight direction, <.e. E = 909 4 = 0'. i s  depicted 
in Fig. 5 as well. and linear phase respontc is  demonstrated. 

The performance ofUWB system can be degradcd easily by pulse waveform diitortion. To examine the 
l w e l  ofdirtortion intraduced by the antenna, the pmposd anlcnnr i s  lest with an airumed input pulse 

Inpul(t) = Ae-''"'' cos(2d) (2) 

where o= I nr and A is a normalized conrtanl. Fig. 6(a) depicls the waveform of the input pu11s and the 
comqanding specmm nonnalizsd to the FCC indmr smiision mask is shown in Fig. 6@). The spec- 
ofthe input puIY, Inputu), is ulen multiplied with the measured antenna m8fsr function, and an inverse 
Fourier transform is  perfarmcd lo achieve the y u i r e d  Limc domain rcspmse. This can be exprsrscd by 

Output(1.6,d = 3~'(lnput(/)-H,,(f ,6,d) 0) 
Shown in Fig. 7 are the output waveforms at the receiving anlmna terminal in the H-plane at #=OD, 90'. 
180°, 270'. A minimum diE10rtion is observed BE ezpccted, which guarantees the effectiveness of 
implementing the proposed antenna in low-band UWB syaemr. 

IV. Conelvsian 

In this work. a miplanar CPW-fcd DETSA with a compact size is proposed fot implementation in the 
multi-band UWB system. The propossd antenna exhibits a wide impedance bandwidth. almost uniform H- 
plane pallems and little distortion to the input pulse signal. it may find applicati0ni in the low band of 
UWBryrfem. 
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Fwuency in GHz 

Fig. I .  Layout ofCPW-fed dual ~xpancntially 
tapered slot antenna. 

Fig. 2. Measured and rimulated return lossel 
for he proposed antema. 
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Fig. 4. Ma&uds of the m a i w d  antma Fig. 5.  Phase reiponie of lhe  measured 
hansfcr funclions in the H-plane at #=  0'. Y O 4  ant- uanrfer hction 81 the hresighl 
180". 270'. direction(#= 904 (=  07. 
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Fig. 6.  (a) The waveform ofthe input pulse. (b) The spec- ofthe input 
pubs normalized 10 the FCC mark. 
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