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Parameter Study and Design of Wide-Band Widescan
Dual-Polarized Tapered Slot Antenna Arrays

Tan-Huat Chio and Daniel H. Schauhdtellow, IEEE

Abstract—A parameter study of dual-polarized tapered slot to other numerical analyses. Recently, Wunsch [4] presented a
antenna (TSA) arrays shows the key features that affect the fyll-wave Green’s function-MoM analysis program that is ca-

wide-band and widescan performance of these arrays. The overall 316 of analyzing dual-polarized infinite TSA arrays. A typical
performance can be optimized by judiciously choosing a combina- . LD
array is shown in Fig. 1.

tion of parameters. In particular, it is found that smaller circular ) L )
slot cavities terminating the bilateral slotline improve the perfor- Dual-polarized arrays have the advantage of polarization di-
mance near the low end of the operating band, especially when versity. This is especially important in radar and remote sensing
scanning in the H-plane. The opening rate of the tapered slotline applications, which often require the system to transmit and re-
mainly determines the mid-band performance and it is possible qiye myltiple and/or arbitrary polarizations. As such, dual-po-
to choose an opening rate to obtain balanced overall performance |, . . . .
in the mid-band. Longer tapered slotline is shown to increase the larized TSA array_s are mor(_a versatl_le than smgle-pqlanzed TSA
bandwidth, especially in the lower end of the operating band. arrays but analyzing them is more involved and difficult. A de-
Finally, it is shown that the H-plane anomalies are affected by sign that has good performance in both polarizations for all scan
the array element spacing. A design example demonstrates that angles of interest may also be more difficult to achieve.

the results from the parameter study can be used to design a i A ; ; e
dual-polarized TSA array with about 4.5 : 1 bandwidth for a scan Designing a wide-band scanning array is also difficult,

volume of not less thand = 45° from broadside in all planes. Typically, the element spacing should be less than_one-h_alf
free-space wavelength of the highest frequency to avoid grating
lobes. In the case of a 5: 1 bandwidth array, the array element
spacing may be less than one-tenth of the free-space wave-
length at the lowest frequency. Mutual coupling between the
|. INTRODUCTION radiating elements may be quite large and this coupling may

HE stripline-fed tapered slot antenna (TSA) array Wa%ause scan-blindnesses and/or anomalies within the desired

T introduced by Lewiset al. [1] in 1974. Its potential for andmdt?} a_?g Ascan vplume. FlLIJrlihermore, dthel. %Tysps tTat
wide-band and widescan arrays makes it a prime candidate §gYerns the array Is not well known and reliable, simple

high-performance phased-array systems. However achievif dels are not available. Therefore, in the absence of computer

X erated design data, a large number of prototype arrays must

a successful design is usually costly and time consumi . . .
since the relationships between antenna parameters and a yonstructed since the dual-polarized nature of the array is
amenable to waveguide simulator studies.

performance are not well understood. This is especially 08

in designing phased arrays since mutual coupling between thé‘ suitable aIte_rnauve o the time consuming and expensive
antenna elements is significant in determining the uItimaE@Sk of constructing prototype arrays is to make use of full-wave

performance. This paper attempts to aid array design merical methods to study these arrays extensively. Other than
and system engineers to design TSA arrays by providi e_Grgen’s funcj[ion-MoM _method mentioned previously, the
information about achievable performance and relationshi ite-difference time-domain (FDTD) method [5] and the -

between specific array parameters and performance. Th gg—zlerr:entl WEthd°$ éiEM) [6]—|£2_3].ma(ljy alsg be useg to ana-
results should improve confidence in proposed array desi )€ dual-polarize arrays. Finite domain methods are in-

and reduce the numerical and empirical iterations needed rently CPU intensive and require a lot of memory especially
optimize arrays for particular applications if there are thin stratified layers within the unit cell. FEM that

Some recent papers presented studies [2], [3] on single- e tetrahedra are more amenable to subtle structural changes.

larized TSA arrays and identified some of the relationships be- TD may be more restrictive since rectang.ul.ar bricks are com-
tween design parameters and array performance. These pa ly used, but the FDTD method is very efficient foranal_yzmg
use a full-wave method of moments (MoM) analysis that h de-bqnd structures since W|de-baqd frequency domain data
been extensively verified by comparison to experiments afitf easily gomputed via the fast Fourier transform (FFT) of Fhe
time domain results [5]. The Green’s function-MoM analysis,
although computationally intensive, is suitable for analyzing

. . . _ structures with thin stratified layers since they are taken into
Manuscript received May 20, 1999; revised March 8, 2000. This work was

supported in part by The Netherlands Foundation for Research in Astronof%?count in the Gr_een’s functions. In this pgper, a Green’s func-
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University of Massachusetts at Amherst, Amherst, MA 01003 USA (email:

schaubert@ecs.umass.edu). In order to further reduce the amount of time taken to per-
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“Cavity” formed by
ground planes and
metallic posts

Metallic Post

Fig. 1. A dual-polarized TSA array. Elements are separated by metallic posts and the array is backed by metallic ground glané.at

MoM code in [4] has been extended to include frequency impening rate ofz, which is defined below. The stripline feed is
terpolation of the impedance matrix [9]. The frequency interpderminated in a radial line stub. The circular slot cavity and the
lation method is chosen because interpolation of the impedamadial line stub are chosen to terminate the bilateral slotline and
matrix in the MoM formulation reliably captures narrowbandtripline feed, respectively, because in [2] and [3] they work well
anomalies like scan-blindnesses. Using the “extended” coddpathe single-polarized TSA array and are found to work well
preliminary study [10] has determined the effects of varyingfar the dual-polarized TSA arrays, too. Therefore, the parame-
single parameter of the dual-polarized TSA array at broadsiders in [2] and [3] are taken to be the basis for the study here.
E-, H- and diagonal-D-) plane scans in the desired frequenc¥ig. 1 depicts a dual-polarized array while Fig. 2 shows the de-
band. In this paper, the study is expanded significantly and ctgils of one face of the TSA element. In this study, the scan input
minates in a design example. impedance of an “active” TSA elemeft, = R;,, + jXnina

With a parameter study like the one presented here, a desiglaege (infinite) array environment, obtained from the MoM so-
can choose from various cause-and-effect relationships to dltion based on the formulation in [4], is shown.
tain the desired change in an array’s performance. It has beesome of the parameters, like the shape of the slot cavity, the
found that the main limitations of the dual-polarized arrays ashape of the stripline-feed termination, substrate thickness, and
deteriorating performance in thié-plane as the array is beingthe stripline-slotline transition have been studied in moderate
scanned away from the broadside direction &hglane anom- detail in [2]. Furthermore, the stripline stub was found to con-
alies. tribute a series reactance to the overall scan input impedance.

The next section describes the antenna structure and the iais reactance is independent of the other antenna parameters
rameters that are studied in detail. Section Ill presents and dis-the radial line stub can be accounted for by using a simple
cusses the results. A design example with about 4.5:1 bamdwivalent circuit and need not be included in the MoM analysis.
width and a scan volume of not less tharf 45 all planes is These findings are also valid for the current dual-polarized TSA
given toward the end of the section. array structure and are not repeated in this paper. The present
study will also take advantage of the results for single-polarized
arrays as a starting point to create a baseline configuration an-
tenna here.

The baseline antenna structure is shown in Fig. 2 and has

The basic TSA structure used in this study was proposed“fixed” parameters as follows: the substratetis= 0.288 cm
[1] although some of its features have been slightly modified thick with £, = 2.2, the slotline is 0.1 cm wide and 0.5 cm long
improve performance in [2], [3]. The stripline feed is coupleterminated with circular cavity at one end, the stripline is 0.1
to bilateral slotline in the ground planes. The bilateral slotlinem wide, and has a characteristic impedafice= 81 (2, the
is terminated at one end with a circular slot cavity and at ttstripline terminates in a radial line stub 0.8 cm long and a flare
other end it opens into an exponentially tapered slotline with amgle of80°, the backwall offset from slotline cavity is 0.5 cm

Il. ANTENNA DESIGN PARAMETERS AND METHOD OF
ANALYSIS
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Fig. 2. Typical element configuration. Effects of parametets D, R and i
w are studied in this paper. {
Y
and the tapered slotline width at the radiating aperture plane
H = 1.7 cm. The array element spacingds= 2.288 cm in
both thez- andy-directions. The parameters to be investigate
in this paper are: 1) diameter of the circular slotline cavity,

2) exponential opening rat&; 3) length of the tapered slotline F'eq‘éz’;w“s”z’
of the antenna elemedt,; and 4) element widthy = a — t.
The exponential curve in Fig. 2 is defined BY(~;,=;) and Fig. 3. Effects of slotline cavity diameter at broadside scan on (a) scan input
Ps(23,z2) (dimensions in centimeters) according to impedance and (b) VSWR.
z=ce¥ 4 1)

computations is the stripline-slotline transition and the voltage

where standing wave ratio (VSWR) is computed with respect to the
Ty — 21 characteristic impedancgé. = 81 € of the stripline feed.
I 2)
zZ2 Z1
¢ Rz ¢ Rz A. Diameter of the Circular Slotline Cavit®,
_x1€ 2 — gt 3
2= T Ra _ oRa ©) The effects of the circular slotline cavity are studied with the

. . . . #_ther parameters fixed & = 0.3 cm™!, L, = 4.5 cm and
Lossy materials are not used in this study, so the radiation effi-

. is high w = 2.0 cm. The diameteD,, of the slotline is varied from 0.8
ciency 1s high. to 1.2 cm and the results are plotted in Figs. 3—6, which show the
performance at broadsid&;-, H-, and D-plane scans, respec-
[ll. RESULTS DISCUSSION AND DESIGN EXAMPLE

tively. Part (a) of each figure shows the scan input impedance
With all but one of the above parameters fixgg, is com- while part (b) shows the VSWR with respect the characteristic
puted at frequencies from 0.8-7.2 GHz at 0.4 GHz intervalmpedanceZ,. = 81 (). At broadside (Fig. 3), the low operating
and scan angles in thB-, H-, and D-planes from broadside frequency end f;,) is mainly limited by a rapid decrease in the
to # = 45°. Frequency interpolation fills in values &f,, be- inputresistance. By increasing,, fz, improves at the expense
tween the 0.4-GHz steps. Small discontinuities sometimes aftwo in-band humps in the VSWR plots around 1.5 GHz and
pear in the plots at the boundaries of the interpolation intervals GHz. These are due to the large swings in the resistance and
e.g., see 1.4 and 1.8 GHz in Fig. 4(b). These could be smoothesictance for largeb, near 1.5 GHz and larger values of neg-
but are left as computed to indicate regions where the interiive reactance near 4 GHz. Anomalies sometimes appear near
lation may be less accurate. The reference plane for impedabde GHz in the broadside and-plane scans (Figs. 3, 5, and 7,
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Fig. 4. Effects of slotline cavity diameter & -plane scar® = 45° on (a)

scan input impedance and (b) VSWR. Fig.5. Effects of slotline cavity diameter At-plane scaf = 45° on (a) scan

input impedance and (b) VSWR.

for example). These anomalies are very narrow-band resonances h hE -0l i but th
that require small frequency intervals to capture. The frequen! enC|ehsvv| ere El'h plan€ anoma |esdoccur hUt tbe severllty IIS g
intervals used in this study are not sufficiently small to locagPmewhat less. The scan input impedance has been calculate

these resonances in all cases. These narrow-band anomalie& %her scan planes between itieand H-planes and at each
studied in [11]. value off, the impedance in various planes is approximately a

Figs. 4 and 5 show results fdi- and E-plane,d = 45° weighted average of the- and H -plane impedances. In other

respectively. As the array is scanned off broadside, the treWBrdS since thef-plane has the worst performance and the
observed at broadside remains essentially the same. Howe? lane is the best, the performance in the other scan planes
E-plane VSWR generally improves while tfi#-plane VSWR iS bounded by the performance in tfe and H-planes. This
deteriorates as the array is scanned away from broadside. Fservationis true for all cases presented in this papet.ins
thermore, H-plane anomalies, attributed to cavity modes [4]creases the impedance plots change gradually from the curves
[11], appear at around 4.9 GHz and 5.5 GHz. THeplane at broadside to those 6t= 45°
anomalies are the main limitations of the array at the upper end
of the frequency bangk; and will be discussed in more detail inB- OPening Ratet
Section 1lI-D. Although not shown here, the anomaly generally The opening raték, of the tapered slotline is found to affect
exhibits narrower bandwidth at small scan angles than at langainly the mid-band performance of the TSA array. In this sec-
scan angles. tion, R is varied from 0.15 cm! to 0.6 cnT* while L, = 4.5

Fig. 6 shows theD-plane scan input impedance and VSWRm, D, = 1.0 cm, andw = 2.0 cm. The scan input imped-
até = 45° beam angle. The scan input impedance is somanaces for broadside beam angle are shown in Fig. 7. Varying
what like a simple average between that of BFveand H-plane R does not affectf;, and f;; at broadside very much. How-
impedances. Th&-plane exhibits anomalies at exactly the freever, a largerz causes both the input resistance and reactance
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Fig. 7. Effects of opening rat® at broadside scan on (a) scan inputimpedance
Fig.6. Effects of slotline cavity diameter Bt-plane sca# = 45° on (a) scan and (b) VSWR.
input impedance and (b) VSWR.

i C. Length of Tapered Slotling,
to change more sharply between 1.2—-3.0 GHz, which results in

a large in-band hump in the VSWR plot with the maximum at In this section, the effects of the tapered slotline length are
around 1.5 GHz. These impedance swings are less severe atstwdied while the other parameters are fixedat 0.3 cm™!,

3.0 GHz so the performance is slightly better from 3.0 to 4.5, = 1.0 cm, andw = 2.0 cm. It is found that lengthening the
GHz. On the other hand, a smaller valudbgives larger values tapered slotline improves thg, performance significantly. Fig.

of negative reactances in the 3.0-4.5 GHz band, which resultdid(a) shows the input impedances of the various slotline lengths
larger VSWR. Therefore, reducing yields better performance for broadside beam angle. For longer tapered slotlines, the fluc-
between 1.2-3.0 GHz at the expense of the 3.0-4.5 GHz bamgiations of both the resistance and reactance at the low end of

The impedances for scansfat 45° in the H- andE-planes the operating band are reduced significantly, which reduces the

are shown in Figs. 8 and 9, respectively. As in the other casgspand hump in VSWR near 1.5 GHz (Fig. 10(b)). Further-
when the antenna is scanned off broadside, the performanuere, longer tapered slotlines create larger values of scan input
improves in theE-plane while it degrades in thH-plane. In resistance at low frequencies, which also improvesftheer-

Fig. 8, the trend in théd-plane is similar to that observed atformance. This trend is also observed for, H-, and D-plane
broadside, althougli/-plane anomalies are seen at around 54tans.

GHz and 5.5 GHz, respectively. In tii&plane, scan resistances Longer tapered slotlines provide better performance, but be-
and reactances are somewhat dependern®,oout the net ef- yond a certain length the trouble in fabricating such a long an-
fect on VSWR is relatively small. As for variations 6f,, scan tenna may not justify the improvement. Long antennas are more
impedances in the intercardinal scan planes are approximatifficult to fabricate because good electrical contact between ad-
weighted averages of tHg- and H -plane values so these resultgacent elements is essential, which requires that solder or other

are not shown here. conducting medium be applied to all corners of the deep and
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Fig. 8. Effects of opening rat& at H-plane scaf = 45° on (a) scan input
impedance and (b) VSWR. Fig. 9. Effects of opening rat® at E-plane scafl = 45° on (a) scan input
impedance and (b) VSWR.

narrow unit cell boxes in Fig. 1. It has been shown in [12] that
several severe resonances will occur in single-polarized TSA
arrays if the electrical contacts are not present. This effectis ob-To further this investigation, the element widthis varied

served also in the dual-polarized arrays. from 1.7—2.15 cm in increments of 0.15 cm. The other parame-
_ tersR, D,, andL, are fixed at 0.3 cm*, 1.0 cm, and 4.5 cm,
D. Element Widthy respectively. The tapered slot widkhis fixed at 1.7 cm. As the

In [4], Wunsch showed that some of tii&plane anomalies element width are reduced, the frequencies at which anomalies
of dual-polarized arrays like that of Fig. 1 can be predicted Mgcur increase. Th&-plane VSWR plots are displayed in Fig.
considering a dielectric-filled rectangular cavity having diment1 because it is easier to distinguish the frequency shift since
sions of a single array element and enclosed by metal walls ity anomalies are not as severe as inAhplane.
all sides except the aperture. The dielectric thickmrégssmall ~ The discrepancies between the observed resonant frequency
so that no variations of the cavity field are allowed in that dire@nd that calculated using (4) varies between 6% and 12% in line
tion. If the aperture wall were enclosed by a magnetic conductwfith the observations in [4]. As noted by Wunsch, the greatest
(4) gives the resonant frequencies of such a cavity. The dorfliscrepancies occur for small valueswof where the TSA slot
nantm = p = 1 mode of (4) predicts the observéfl-plane removes a larger fraction of metal that comprises the “cavity”
anomaly within about 10% wall, thus having a greater impact on its resonant frequencies.
By considering the two lowest order modes in (4), fiigplane
5 anomalies can be predicted quite accurately. A study on these
Fres = _Co \/(ﬂ)Q 1 <2p - 1) 4) cavity resonances and the use of vias to control or eliminate

2y /e, w 2d ’ them is reported in [11].
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E. A Design Example

The use of data presented above to achieve a good design is
illustrated through an example. The objective is to design an
array that has VSWR< 2 for a scanning volume of not less
than 4% from broadside in all planes while maintaining a large
operating bandwidth. As a starting point, the opening rate is se-
lected to beR = 0.3 cm™! so that a relatively uniform in-band
performance can be achieved. Choosing: 2 cm limits f;; to
around 4.9 GHz because of &hplane anomaly. Recall that de-
creasingD, reduces the first in-band hump at around 1.5 GHz
and the mid-band hump at around 4 GHz, but at the expense of
increasingf;, especially forH -plane scans. From Section IlI-C,
increasing the length of the tapered slotline lowggs but the
VSWR hump at 1.5 GHz exceeds the VSWR 2 criteria at
the edge of the scan volume in tli&-plane. Furthermore, the

nn&'kd—band humps between 3 and 5 GHz occur at different fre-
quencies for smalD, and longL, and, therefore, compensate
for each other. Thus, judicious choicesBf and L, may be
able to achieve an optimized result.

After a limited amount of numerical “cut and try,” optimum
valuesD, = 0.85 cm andL,; = 5.5 cm were chosen. The re-
sults are plotted in Fig. 12, which shows the VSWR performance
for broadside beam angle as well @s= 45° in the F- and
H-planes. This choice of parameters combines in a way that the
adverse effects of one parameter are compensated by another.
The design has a bandwidth of about 4.5: 1 and a scan volume
notless than 45from broadside in all planes with VSWR: 2.

The antenna is lossless, i.e., no absorbers are used to dampen
array or element resonances, so it is very efficient.

IV. SUMMARY

Using a full-wave MoM analysis program with frequency
interpolation of the MoM impedance matrix, a fairly compre-
hensive parameter study of dual-polarized TSA arrays was per-
formed. It has been found that the key parameters that affect
the bandwidth and scan performance of such arrays are the size
of the slotline cavity, the length of the tapered slotline and the
opening rate of the exponential taper. When the array is scanned
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from broadside, the’-plane performance improves while the [10] T.-H. Chio and D. H. Schaubert, “Effects of slotline cavity on dual-po-
H_plane performance degrades Furthermore, there are anoma- larized tapered slot antenna arrays,IHEE Antennas Propagat. Soc.

Int. Symp. Dig.Orlando, FL, July 1999, pp. 130-133.

lies in theH—pIane that are relatgd to the e!ement width and _ar%ll] H. Holter, T.-H. Chio, and D. H. Schaubert, “Elimination of impedance
probably caused by exciting cavity modes in the elements. Since  anomalies in single- and dual-polarized endfire tapered slot phased ar-
the performance in the other scan planes is somewhat like a_ rays."IEEE Trans. Antennas Propagatol. 48, pp. 122-124, Jan. 2000.

weighted average of the performance in the cardinal scan plané%?]

the limitation of such an array is thg-plane scan. A study to
control or eliminate thed -plane anomalies is underway.
Using data obtained from the parameter study, a design ex-
ample using VSWR< 2 as a criteria, is shown to have about
4.5 : 1 bandwidth and scan volume of not less thahidall scan
planes. The design example illustrates that one can choose a
ticular parameter with good performance in a subband to mi
gate another that degrades performance in that subband. ~
means that an antenna designer can use the parameter study
guide to systematically design a wide-band widescan dual-f

larized TSA array.
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