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A Dual-Beam Micro-CPW Leaky-Mode Antenna

Ching-Chyuan Lin and Ching-Kuang Cliver Tzuarkgllow, IEEE

Abstract—Quasi-planar leaky-mode antenna employingthe slotline by a coplanar waveguide (CPW), we propose in Fig. 1 a
y p g prop g
second higher order leaky modsf even symmetry in its leaky-wave new generic micro-CPWhficrostrip-CPW) antenna, which, in
regime has been proposed for a new antenna configuration i |ater sections of the paper, will demonstrate its effectiveness
consisting of a microstrip and a coplanar waveguide (CPW) on in emittina thehigher order leaky modesf even symmetry. in-
both sides of the substrate. The new antenna, also known as . 9 g . y ; y Ys
the micro-CPW antenna, is directly fed by a CPW line without cluding thesecond higher order leaky modsing the CPW as
matching circuit. One particular K-band antenna of 36 mm long the input feed line. The CPW is connected to the exciting or the

[about 2.7 free-space wavelengths)o) at 22.1 GHz] shows 5.3% receiving port. Since the electromagnetic field of the CPW mode

impedance bandwidth for VSWR’s less than 2.0 for frequencies [P .
between 21.927-23.110 GHz, 11.0-dB antenna gain, and 90.02"/?03868863 the even symmetry, the complete micro-CPW struc

efficiency. Detailed analyses show that the dual-beam antenna is ure can have a perfe(;t magn?tic conductor (PMC) Wal! pl.aced
linearly polarized along two slanted lines, which lie in the longer at the center of the guide. Notice that the CPW can easily inter-
axes of the ellipses that approximate the radiation contours. face itselfto mostdiscrete transistors and monolithic microwave
Both theoretical and experimental data for the micro-CPW integrated circuits (MMIC's) since the signal port and grounds
antenna agree very well for the particular design. The proposed gre on the same surface. Early development in the micro-CPW
micro-CPW antenna is suitable for active integrated antenna ¢ technol had d trated d perf t
integration at higher microwave and millimeter-wave frequencies. antennatechnology had demonstrated very gc_)o performance a
34 GHz [8]. Although the use of the second higher order leaky
mode had shown insensitive to the photolithographic tolerance
when developing this millimeter-wave antenna, the operational
principle and the characteristics of the micro-CPW antenna are
I. INTRODUCTION far more complicated than the micro—slot antenna.
NIFORM waveguides acting as the leaky-wave antennasSection Il presents the numerical data for the dispersion
U have been known to exist in at least three forms: 1) nofbaracteristics of the micro-CPW antenna. These data provide
radiative-dielectric (NRD)-guide antennas [1]; 2) groove-guidé® Physical insight for understanding how the micro-CPW
antennas [1]; and 3) printed-circuit antennas [1]. Applicatio}é@ky-mode antenna works and how its antenna beams be-
of the leaky modes propagating on these waveguides as anteff@g: N Section I, by employing the three-dimensional
designs have gained great success recently. Yonegeang2], (3-D) full-wave integral equation analyses and conducting
for example, pioneered the use of perturbed NRD guide as a vE§ near-field measurements, we report the detailed antenna
efficient leaky source for feeding a variety of microwave angnaracteristics of the input return loss, the radiation patterns,
millimeter-wave planar antennas. On the other hand, étc. the slanted linear polarization, and both gain and efficiency for
[3] had reported &V -band (75-110 GHz) frequency-scannin typical ml.cro-CPW antenna operated between 22.1—22.45
leaky-wave printed-circuit antenna for vision system; Menz&Hz, showing very good agreement between theoretical
and Olineret al.[4] demonstrated both experimentally and theRredictions and measured data. Section IV concludes the paper.
oretically that the leaky-wave antenna based orfiteehigher
order odd leaky moden the printed microstrip could be a good !l- DESIGN OF THEMICRO-CPW LEAKY-MODE ANTENNA
line source, being very efficient and showing very little powes, Principle of Operation
losses to the surface waves. - . .
The generation ohigher modeon the microstrip can take As shown in Fig. 1, a microstrip and a CP.W coalesce to-
: . . . gether and form the micro-CPW antenna, which may act as a
many forms. The well-known micro-slot (mlcrostrlp-slotllne? : : :
- ) . : - ine source or the unit cell of a linear array. The feed is made by
configuration can effectively emit multipleigher order leaky o L .
. . . . the CPW, which, in practice, is directly connected to a coaxial
modesof odd symmetry, including thérst higher order leaky . . A .
. . . ) .~ connector without a matching circuit or is a part of the uniplanar
modeby feeding the slotline, as reported in [5, fig. 1]. EXC'tmgmicrowave integrated circuit. The microstrip, on the other hand
the odd modes stems from the fact that a PEC (perfect elec- 9 ' P, '

tric conductor) wall can be placed at the center of the gui an radiate the second higher order leaky mode excited by the
P 9 W input. Consequently, the micro-CPW can integrate the ac-

during the field theory analyses of the guiding structure. D(?- o . :
. . N . ive components such as amplifiers and switches easily on the
tailed analyses and potential application of the micro—slot an-

Eame surface where the CPW's reside. No dc blocking is re-
e

Index Terms—Coplanar waveguide, leaky-wave antennas,
printed antennas.

tennato active integrated antennas had been reported in [S- ired when integrating the micro-CPW with the active devices

Here, by extending the concept of symmetry and replacing tsmce the CPW underneath the microstrip is open circuited at the
far end (see Fig. 1).

Manuscript received August 5, 1997; revised December 1, 1998. The normal CPW mode is of even symmetry. Hence, we may
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Fig. 1. The generic micro-CPW leaky-mode antenna emitting th
second, fourth, etc., higher order leaky modes of even symmetry with

conductor-backed plane that may not be preséntthe elevation angle 20 21 22 23 24 25 26 27
measured from broadside; the azimuthal angle referenced to the symmetric
plane of the magnetic wall in the—z plane. FREQUENCY (GHZ)

Fi?. 2. The normalized phase and attenuation constants of the even-symmetric
thre_e-plus-one C_OndUCtorS- In the case Of_ the e_VGn'SymmeFﬁ Ero-CPW antenna, showing the second higher order leaky mode and two
excitation, the micro-CPW supports the microstrip (MS) modeell-known bound modes, the MS mode and the CPW mede= 2.5

with its electromagnetic energy concentrating between the rﬁ|e?a|2hlglfng‘sl ‘o3 ?nﬁgcgmu{: “;ty(’: 3502 s S7m°(fm;});) 9ar’mhe
crostrip and the CPW, the CPW mode with its electromagneggb cover height 9% d = 5.0000 mm: - - -d = 2.7432 mm:- - - d = 1.3716
fields crowded between the two gaps, and the higher order leaky: ----- & = 0.6858 mm: ----.---.

modes of the microstrip. This manifests an overmoded device

of which we intend to excite the leaky modes. It is the secomdakes the measurement of the micro-CPW antenna fairly easy
higher order leaky mode we wish to excite since such mode lsce a CPW or a coaxial line can be directly launched into the
comes leaky in a frequency band just before the cutoff. Giv&PW feed line and they are readily accessible in most laborato-
a dielectric sheet of relative permittivity,., the structural pa- ries. Three types of even modes constitute the first three major
rametersy (width of microstrip),. (substrate height}; (center modes of the micro-CPW line. The MS mode comes first, which
conductor width of CPW)g (gap width of CPW), and (side should be viewed as the mode for a microstrip with two tuning
plane width of CPW) must be carefully chosen such that tisepta formed by the gaps of the underneath CPW. The CPW
desired even higher order leaky mode can be properly excitedde, however, distributes its electromagnetic fields concen-
by electromagnetically coupling the CPW feed line to the mirated mostly near the gaps with substantial amount of influ-

crostrip, thus forming a leaky-mode antenna. ence by the wide microstrip line viewed as a conductor back
_ _ o plane to the CPW. The second higher order leaky mode of the
B. The Dispersion Characteristics MS mode with an onset frequency at approximately 27 GHz is

The best way to understand the operational principle of tifee third mode to appear in Fig. 2. The particular design shows a
micro-CPW antenna should begin with the dispersion charactégirly broad spectrum in which the normalized attenuation con-
istics of the antenna, which are obtained by rigorous full-waant is considered small, i.e., 0.1. Notice that the normalized
mode-matching method employing the metal modes taking ird#fenuation constant/ko of a leaky-mode antenna is usually
account both finite metal thickness and conductivity. The modkept below 0.1 to compromise antenna gain and length [10]. The
matching method had been well documented [9] and will not teaky mode’s dispersion curves imply that the leaky-mode an-
reported here. When performing the mode-matching analyst)na can be very useful for a wide frequency range if the leaky
a top cover is placed at a sufficiently far distance such that tA#de is excited properly.
cover height has negligible influence on the modal character-
istics of the micro-CPW line. In the particular case study pré&: ASsessment of the Antenna from the Leaky Mode
sented in this paper, the cover height of nine times the substrat&he micro-CPW is intended for the use in active integrated
thickness can serve the purpose well. antennas where the CPW is connected to the active circuits.

Fig. 2 shows the modal spectra of the micro-CPW line printdelirthermore, the micro-CPW can be located at a distahce
on a 0.762-mm-thick ULTRALAM™ 2000 (a trademark of above the supporting conductor plane, as shown in Fig. 1. Con-
Rogers Corporation) substrate with relative permittivifyof sequently, the effect af on the leaky-mode propagation must
2.55. The metal thickness of 0.03 mm and conductivity 0£6.8 be examined before the antenna is designed. Fig. 2 plots the
10” S/m (copper) are also assumed. On the microstrip side, th@malized complex propagation constants against the variation
width of the strip is 9 mm—not wide enough to protrude beyonaf distanced from 0.6858-5 mm, respectively, showing virtu-
the CPW'’s side planes that also serve as the referenced groaliginegligible effect. Further studies indicate that wihies in-
for the microstrip mode. On the opposite side lies the coplanaeased significantly, the complex propagation constants appear
waveguide, of which the central strip widith), gap(g), and side very close to that shown in Fig. 2. Thus, the complex dispersion
plane width(s) are chosen to make a 100CPW line if the mi- characteristics withl of 5 mm in Fig. 2 can be used for the
crostrip line were not present on the other side. The choicenscro-CPW antenna design with good accuracy.
made that the micro-CPW antenna will be excited by the CPWThe fan-shaped antenna radiation patterns have been well
line extended from the generic micro-CPW. Such arrangemdmown for the leaky-wave antennas based on the leaky-mode
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design [5], [7], [10]-{12]. For example, the poiptof Fig. 2 the micro-CPW manifests itself as an overmoded device in
will correspond to the fan beam(s) peaked at the elevation angleich the mode conversion of the input CPW mode to the

(measured from the broadside) of leaky mode is of the most desired. However, the matrix-pencil
. signal analyses [17]-[19] of the excited currents obtained by
O = sin™"(8/ko) () the full-wave space-domain integral equation method in the

micro-CPW structure indicate that both CPW mode and leaky

nraaode prevail, whereas the amount of MS mode is too little

attenuation constants provide most useful information for ché?— be detected. The results .Of the matrix-pencil analyses also
éﬁ'd the complex propagation constant for the leaky mode

acterizing the leaky-mode antenna. As frequency is increa .
from 22 to 26.94 GHz, which corresponds to the cutoff fr?a_l‘s well as the real propagation constant for the CPW mode.

quency of the leaky mode, the main beam(s) will scan fro he micro-CPW antenna presented here does not include any
0. — 42.9° 10 0. — 90° ('horizon) On the other hand. the ermination. Except for the input CPW feed, the rest of the

attenuation (leakage) constant directly leads to a quick esti icro-CPW ports are open-circuited. The overall effect of

tion of the desired antenna length. It has been shown that if?heen?é:wgmrg;g'gfnggﬁfsngsTﬁgi;‘-‘f’m’i{:&r&; dlt?l\/(())l;/ 't?]%
the length of leaky-wave antenna) is chosen as . . .
( g Y ) micro-CPW antenna narrower. Since the excited CPW mode

I ~0.183 Ao @) with the normalized phase constasipyy /ko of 1.331 prop-
o afkg agates back and forth in the micro-CPW structure and causes
90% of the electromagnetic energy will leak, leaving 100t e resonant effect, the bandwidth is reduced. The resonant
! ' flequencies of the CPW mode are dictated by the resonant
energy either absorbed at the far end or reflected baCkW%%ditionﬁcpwl — na, wherefapy is the phase constant of

Erlf’]' A: 22 GHﬁ’ aI%plécati?nl of (t2)2i_)eads tlo a concl;;ioryfthame CPW mode andis the length of the guiding structure. The
€ antenna should be at leas mm long (or 1\gBI gvedicted CPW resonant frequencies are, therefore, 21.92 GHz

i.e., 42.2 in this case at 22 GHz, wher@/k, = 0.672 and

no more than 10% of energy is wasted for the micro-CPW _ 7) and 25.05 GHz# = ), respectively, which are close

antenna. One notes that the. characteristics O.f the micro-C to0 the measured frequencies at 22.44 and 25.27 GHz, as shown
leaky-mode antenna employing the second higher order legky,

) . . Fig. 3, where the useful bandwidth of the micro-CPW is
mode are far more complicated than the above discussions. yﬁ?}arently narrower than what the leaky mode alone should
longitudinal current distributions of the first higher order lea

d the mi i I f the mi lot ant h ave. Notice that the theoretical full-wave space-domain
mode on the microstrip fin€ of the micro-siot antenna c anﬂﬁegral equation method show that the resonant frequencies
longitudinally signs once but the transverse distribution do

&¥e located at 22.46 and 25.57 GHz, respectively. Also notice
not change [14], [15], resulting in the micro—slot antenna th 2, respectively I

radiates an on-axis single-fan beam radiation pattern, as shoa@él is 36 mm long, much greater than the length of 25 mm as
- - , i th . ion 11-C for i iation.
in [5], [7]. [10]-[12]. However, the fact that the longitudinal ussed in the previous Section 1I-C for improved radiation

L 2 he particular design demonstrates very good input return loss
and transverse current distributions of the second higher ordet |\ 14 4B for frequencies between 21.927—23.110 GHz
leaky mode on the microstrip line of the micro-CPW antenn ' ’

. o ) . s well as between 24.998-25.988 GHz, encompassing the
respectively, change longitudinally signs twice and chan

¢ v si 141 115] implies that ﬁ o resonant regions caused by the CPW mode mentioned
ransversely signs once [14], [15] implies that an o “XZbove. Fig. 3 also illustrates very good agreement for both

dual-fan b.eam radiation pattern.ma'y exist. Ifth's’, does happ?ﬂeasured and theoretical data, although the theoretical results
the radiation pattern and polarization of the micro-CPW a8 ow somewhat narrower bandwidths for regions with good

r|11‘?atching. Since the total antenna efficiency needs to consider
the input mismatch losses, the excellent input matching demon-
strated here may help design a highly efficient leaky-mode
antenna.

A comprehensive treatment on the investigation of the
micro-CPW antenna characteristics is given in this sectioR; Radiation Patterns with and Without Conductor Backing
including the input return loss, radiation patterns, polarization, As implied in Section 1I-C, discussing the reversal polarities
gain and efficiency. Rigorous full-wave space-domain integrat higher order leaky-modal currents, the radiation patterns of
equation method is invoked to validate the measured restfie micro-CPW antenna appear complicated as compared to the
and vice versa. Before initiating the full-wave analyses, thfiicro-slot antenna [5], [7], [10]-[12], which exhibits a well-de-
accurate CPW modal currents in both longitudinal and tranned fan beam. Fig. 4 plots the far-field radiation contour of
verse directions should be obtained for extracting the scatterig micro-CPW antenna at 22.1 GHz obtained by using the 3-D
parameters. Detailed discussions about the particular CRW-wave integral equation method [20]. Notice that the con-
S-parameter extraction using the integral equation method h@gctor-backed plane is removedl£ o). Fig. 4 clearly shows
been reported elsewhere [16]. that the micro-CPW employing the second higher order leaky

mode is a dual-beam antenna, pointing its two symmetric main

A. Antenna Input Return Loss beams ¢,,., ¢..) (m represents the maximum peak of tofal

As revealed in Figs. 1 and 2, the micro-CPW structurfeld) to (49.F, 45°) and (49.1, —45°), respectively. The two
may support the MS, CPW, and leaky modes. Thereforagditional leakages 6f8.0 dB down the normalized main beam

complex dispersion characteristics.

Ill. CHARACTERISTICS OF THEMICRO-CPW ANTENNA
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Fig. 3. The measured and theoretical input return loss data of the micro-CP. 4. The theoretical radiation contour of the micro-CPW antenna with the
antenna shown in Fig. %, = 2.55, h = 0.762 mm,¢ = ¢ = 0.508 mm, conductor-backed plane removet£ co). f = 22.1 GHz.
s = 7.325 mm,w = 9 mm, L = 36 mm. No conductor backing is present.
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are observed at (126.845%) and (126.8, —45°), respectively. 26 -
These residual leakages are clearly contributed by the CPW li
and its feed. Additional two back lobes are observed, pointir
to (49.7, 135) and (49.%, —135°), respectively. Notice that 38 -
the predicted main beam using the modal datathagboy (1)]

s 74|
of 42.5, slightly lower than that predicted by the 3-D field

(deg)

theory. The discrepancy may be attributed to the approxime § 90 -
expressiond,,, = sin~'(3/ky), which is very good for narrow 3§ 06 L
beams, but not as accurate for the case of wider beams [1§

Y

in our design. The far-field radiation patterns extracted out « 722 -
the near-field antenna measurement system [Nearfield Systel
Inc.] are plotted in Fig. 5 for the same micro-CPW antenna an
lyzed earlier. Two main beams and two residual leakages ¢ 754
observed. The latter are9.0 dB down as referenced to the ,,, . ‘ , , , , , ,
main beam, showing good agreement with the theoretical pi —80 -64 -48 -32 s ;fnugh ( d;ﬁ‘g ) 32 <8 64 &0
diction. The main beams point té,{(, ¢,,) of (48.#, —39.8)
and (48.4, 38.2), respectively. Comparing these measured af. 5. The measured micro-CPW radiation contour inghe plane facing
gles with the theoretical values, the elevation arjleagrees the open end of the antenna without the conductor-backed pfare.22.1
excellently, only 0.7 lower, whereas the azimuthal angg, Hz.
shows approximately 68ifference. Itis likely that the limited
scan plane in the azimuthal direction of our near-field syste@ distanced on radiation pattern is negligible for the particular
made the truncated error of the end effect [22], causing tREuUcture. Although the improvement over the residual leakages
discrepancy for the azimuthal angles. Nevertheless, the ovel@limproved, both measurements as depicted in Figs. 5 and 6
measured antenna radiation patterns are in good agreement ®f¢pwed end-fire radiations of comparable magnitudes, approx-
the theoretical computations. As the operating frequency is if?ately —9 dB down from the peak values. Nevertheless, such
creased from 22.1 to 22.45 GHz by 350 MHz, one observes ad-fire radiations are still subject to extensive studies as the ac-
beam scanning characteristics of the leaky-mode antenna il causes are still unknown to authors.
the measured main beam traversing frégmof 48.4-52. o

By placing a conducting plane at distanéequal to 5 mm C- Polarization
away from the micro-CPW antenna, the amplitudes of the twoFigs. 4-6 reveal two fan-shaped beams in#the radiation
residual beams are reduced+@0 dB as depicted in Fig. 6. A contour plane. Question about whether these two fan beams are
great reduction of 11 dB on residual leakage is achieved. Molmearly polarized needs confirmation since so far there is no di-
over, the measured main beams as shown in Figs. 5 and 6 ra evidence to say so. Since the main beams (theoretical data)
at the samé,,, of 48.4°, which coincide the result as predictecare located af,,, = 49.1° plane at 22.1 GHz, we plot the the-
in Fig. 2, where the normalized phase constghfi() and at- oretical values oFy andE, components against the azimuthal
tenuation constanty{/k,) are very close to 0.6756 and 0.099éngle¢ atfé,, = 49.1° plane. The results are plotted in Fig. 7(a)
for distanced > 2.7432 mm at 22.1 GHz. Therefore, the effectand (b) for the phase and magnitude components, respectively.

138
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Fig.6. The measured micro-CPW radiation contour intheplane facing the 18
open end of the antenna backed by a conducting pladie=ab mm. f = 22.1 ‘
GHz. 16
. . . . 1.4
Observing Fig. 7(a) closely, there are in-phase regiong fer §
[29°, 63°] and out-of-phase region fgr € [-63°, —29°]. No- = 12
tice that the theoretical value @f,, (£45° at 22.1 GHz) is in é’ 1
the middle of the in-phase and out-of-phase regions as indi- 0.8
cated in Fig. 7(a) and (b). The ratio of the magnitudetif, 06
overEy,, is 1.2239 as observed from Fig. 7(b) for both in-phase 04
and out-of-phase regions, whelg,,, and£,,,, are the vectored :
electric(F) field até,, = 49.1° and¢,,, = +45°. In theb—p 0.2 / ;
radiation contour plane, the electric vector can be, respectively, S TRRPROTVRSTOROTTIOR VOVNFOTOIATR
decomposed into two orthogonal components atbagd¢ di- -90-75-60-45-30-15 0 15 30 45 60 75 90
rections as follows [23]: Azimuth ()
b
Eg = Ego COSs (wt + k‘oZ + 1/)9) (3) ®)
Fig. 7. (a) The phase variation &f, (solid line) andE,, (dotted line) against
and the azimuthal angle at6,, = 49.1° for the micro-CPW antenna operating
_ at f = 22.1 GHz with the conductor-backed plane removeéd=£ o). The
E¢ E‘w cos (Wt + Koz + 1/&;5) (4) out-of-phase and in-phase regions are, respectively, betwd&hto —29°

and between 29-83 where¢,, = +£45°. (b) The magnitude variation of
wherek, denotes the free-space wavenumizy andE¢0 are, Eioia1(s0lid), Ee (dotted), andE,, (broken) against the azimuthal angleat

respectively, the maximum magnitudes of thand¢ compo- 4., = 49.1° for the micro-CPW antenna operating at= 22.1 GHz with
nents_z/je andr(/)q5 are the phase Componentsr(/)h‘ _ "(/)qb = nm, t/he conductoor-backed plane removed=£ oc). The maximumE, .., lies at
wheren = 0, 1, 2, 3, etc., the polarization of the vectétfield “™ = H45%.
must be linear. Notice that the vectét fields are in-phase if
s — 1y = 2nm, out-of-phase ifpy — 104, = (2n 4 1)m. Hence, observer'sd—p plane. Then we rotate the near-field probe by
one may expect that the slanted linear polarization infthg & degrees [using (5)] and measure the radiation pattern as the
radiation contour plane is associated with the micro-CPW apepolarization. Followed by rotating the near-field probe by an-
tenna. If the phase angles are either in-phase or out-of-phasediter 90, the cross-polarization pattern is obtained. The results
polarization vector should pas.(, ¢,,) atan anglé given by are shown in Fig. 8, indicating that the cross-polarization pro-
E, file is —16.5 dB below the peak radiation power throughout the
§=tan"t =. (5) 10-170 elevation angles. The results confirmed that there in-
2 deed exists a slanted linearl larized fan b Th -
y polarized fan beam. The same pro
The value ob is readily available from Fig. 7(b), whefeequals cedure can be applied for the second fan beam.
to tan~*(Esy,/Egm) Or 50.7 at positionsd,,, = 49.1° and Redrawing the radiation contour of Fig. 4 and plotting two
¢m = 145°. Knowing the values of,,, andé, we proceed the lines using (5) in the in-phase and out-of-phase regions [refer-
copolarization and cross-polarization measurements, assuming to Fig. 7(a)], Fig. 9 interestingly shows that the two fan
for the moment that the main beams are linearly polarized. Fitstams are linearly polarized along two slanted lines which lie
we rotate the micro-CPW antenna in the azimuthal plane bythe longer axes of the ellipses that approximate the radiation
¢m, resulting in a main beam pointing into tile= 0° in the contours.
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the planar scan surface cannot detect by the near-field probe
since it can only receive the front hemispheric energy emitted
from the micro-CPW antenna. The energy of the back lobes
at 22.1 GHz (22.45 GHz) is approximately 3.62% (4.47%)
to the main lobe’s energy, estimated by invoking the lossy
transmission line equatioa—2>%. Notice that the conductor
losses are not included in the theoretical full-wave analyses.

IV. CONCLUSIONS

A dual-beam micro-CPW leaky-mode antenna employing the
second higher order leaky mode of even symmetry is presented.
Although the inherent multimodes micro-CPW antenna limits
the useful bandwidth of the micro-CPW antenna, the antenna
can be designed with proper terminations to achieve excellent
input return losses at different frequencies. In the particular de-
sign presented here the terminations are open loads, further sim-

a;ﬁéfying the antenna design. The effect of the distasdibetween

removed ¢ = co). The antenna is rotated lay,, = 45°, using a test fixture at the conductor-backed plane and antenna on the main beams is

f = 22.1 GHz. Then the near-field probe is rotated by= 50.7°
lies atf,, = 49.1°.
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- The peak  negligible whend is greater than 5 mm for the particular de-

sign. The dual-beam characteristics of the antenna are linearly
polarized along two slanted lines which lie in the longer axes of
the ellipses that approximate the radiation contours as shown in
Fig. 9. The particular 36 mm long micro-CPW antenna shows
the gain of 11.0 dB and the efficiency of 90.02% at 22.1 GHz,
0.89 dB higher and 3.18% lower than the theoretical predictions.
The input return loss can be maintained less thd® dB for
operating frequencies between 21.927-23.110 GHz as well as
between 24.998-25.988 GHz, rendering a high-efficiency an-
tenna of moderate bandwidth. In view of the direct CPW feed
for the micro-CPW leaky-mode antenna, the antenna itself can
be easily integrated into the uniplanar type integrated circuits.
The philosophy behind the design of the micro-CPW antenna
is another manifestation of the fact that the leaky-mode an-
tennas are best viewed as waveguides [24]. A dual-beam an-
tenna finds many applications such as automotive doppler radar
sensor [25], angle-diversity performances [26], [27], enhance-
ment of the synthetic aperture radar (SAR) system capabili-

Fig. 9. Two linearly polarized fan beams are along the dotted slanted IinttigS [28]’ traCking hIYO satellites for telecommunication network
[obtained by (5)] in the longer axes of the ellipses approximating the shapessyfstem [29], and microwave closed-range sensors [30].

the radiation contours of the micro-CPW antenna.

D. Gain and Efficiency

To determine the gain of the micro-CPW, we apply the
gain-transfer measurement or the so-called antenna gain-con"[zl
parison method [23] in which the gain of the micro-CPW
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