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Abstract—A new coaxial continuous transverse stub (CTS) Coazial TS element | Coaxial CTS element 11
array is proposed, designed, constructed, and tested. It is an | Ll | L1
omni-directional low cost antenna array which provides good T

impedance matching characteristics and good tolerance to manu-
facturing errors. It can be simply fed by a coaxial connector and is
particularly suitable for millimeter wave personal communication
systems (PCS). It is shown that this type of radiating element pro-
vides high percentage of radiation, and for the simulated design
of single- and multiple-element arrays,.S;; was below—10 dB
across a 6 GHz frequency span at the Ka band. A three-element
prototype Coaxial CTS antenna array was designed, constructed,
and tested in the X-band. Experimental results were in good
agreement with the simulated performance. Potential application
of this new antenna array in multiband operation is also described.

Fig. 1. Coaxial CTS array segment with two elements.

I. INTRODUCTION

HE planar CTS was originally invented at Hughes AircraﬁondUCtorDl; (5) diameter of outer conductd?2; and (6) di-
ameter of stulD3.

Company in 1991. It represents a unique class of IOW'COStFor the purpose of an illustrative design, the width of stub

antenna array, exploiting the low-loss, low-dispersion, dIrm:"négmentLl was selected to be a half wavelength in dielectric
sional robustness, and design flexibility of an open parallel-pla

. T . terial that fills the stub. The length of the transmission line

structure as_both its _transmlssmn line and radiator bases [1]— gment.2 and dielectric constant of dielectric materialcan
_The coaxial Contlnuou_s Transverse S.tUb array describe he chosen to fulfill distance and phase demands between stubs.
this paper, however, provides an alternative design that may PrQ,,

vide additional advantages in feeding, impedance matchin ge diameters of the inner and outer conductdisand D2 of
" intag 9. imp . 9. 418 coaxial transmission line can be adjusted to form the desired
radiation characteristics [4]. It consists of a coaxial structuy

as its transmission line feed and parallel plate subs as the\f%l—ue ofimpedance, such as8@r 75¢ in the case of a coaxial
o : b P . transmission line. The ratio betweé&r$ and D2 determines the
diating elements. The difference between the coaxial CTS and.,._.. ;

radiation pattern, voltage across, and the radiated power from

the planar version is their array structure in the form of Al oh stub. Small values @3/D2 tend to lead to increased

nular or sectoral stubs and the resulting omnidirectional radi diation, but more care must be taken to achieve impedance
tion pattern. As in the case of planar CTS, beam steering may gtching'. Also,D3 must be chosen so as to limit the level of

Easc]meved mechanically or by using Ferroelectric materials | utual coupling between the stub elements in the Coaxial CTS
' array. Control of mutual coupling between elements in the array
can be generally achieved by meeting the condifith> L1.
Il CoAxiAL CTS DEeSIGN Clearly, the diameters of the inner and outer conducidts
Fig. 1 shows a two-element coaxial stub CTS antenna arréfid D2 do not need to be uniform along the transmission line.
where it may be seen that it consists of a cascaded sectiornsitead, they can be changed periodically to adjust the matching
standard coaxial transmission lines and open-ended coaxial@ad phase relationship between elements. Actually, the coaxial
diating stubs. Similar to the planar CTS case, short-circuitédl S is an excellent self-matching structure. By properly con-
stubs may also be used and the coaxial CTS arrangement iiglfing the ratio of D3 and D2 and the ratio ofD3 and L1,
be used as a filter in this case. it is possible to achieve low reflection stub elements. As one
Design procedures for a coaxial CTS array include the det#pight expect, the design parametdp2, D3, .1, and 1.2 im-
mination of the following parameters: (1) width of stub segme@ct various aspects of the characteristics of the array including
L1; (2) length of transmission line segmeh2; (3) dielectric impedance matchingSi,), percentage of power radiated out,
constant of filler dielectric materiak,; (4) diameter of inner and radiation pattern. Detailed design curves will be developed
and reported in a separate publication.
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Fig. 2. Si1, 521, and radiation of Coaxial CTS segment. O one!;tub

array structures. Fig. 2 shows the reflecti®n and coupling ggiig.”neR)adlatlon patterns of single stub (dashed line) and a Coaxial CTS array

So; of a one-element Coaxial CTS antenna. The coaxial
fill material is air,s, = 1,D1 = 1 mm, D2 = 2.3 mm,
D3 = 10 mm, L1 = 5 mm. The impedance of the air
filled coaxial transmission line segme(D2/D1 = 2.3)
is 50 ©2. As may be seen from Fig. 2, the bandwidth of
S11 < —10 dB is more than 6 GHz. In this bandwidth, the
radiation power ratio ([Total Power — Reflected Power —
Transferred Power) /( Total Power) * 100%)] from the single
stub is more than 30%, which supports the claim of a highfyig. 4. Multiband CTS antenna array.
radiating structure. In the above equation, the total power
was considered to include radiated power and the “transferred
power” term represents the amount of power coupled to the
load (end of the array). The numerator in the equation therefore
guantifies the amount of radiated power from one specific stub.
Similar to the case of the planar CTS array, the coaxial CTS
array is a traveling-wave-type array; so the farther the stub is
from the array input port the less power it will receive. This
aspect of the array design may be adjusted depending on the
location of each stub and the dimension of the stubs’ lengths and
widths dimensions. If the array was designed such that each stub
radiates a larger amount of power, then the array will effectively
include areduced number of stubs and the array will be used @%as. s, andS,, of transmission stub. At 4 GH&1, < —19 dB, S51 =
low gain antenna. On the other hand, if each stub was designeéd4 dB, D1 =1 mm, D2 = 2.3 mm, D3 = 20 mm,L1 = 5 mm.
to radiate less power, more stubs can be used and a high gain
antenna array may be designed. It is also of interest to examine the potential operation of
The radiation pattern was calculated at the frequency of misuch an array structure at multiband frequency ranges. A de-
imum S1; (34 GHz) and was found to be split at broadside. Alsign that includes efficient radiators at higher frequencies near
though this may be explained in terms of the excessively widee antenna feed, and relatively lower frequency radiating stubs
electrical width of the stub at this frequen@y1/A = 0.57), it at the end, is shown in Fig. 4. To help examine the feasibility
is often desirable to achieve a radiation pattern with single mabdhthis procedure two coaxial stubs were designed. The firstis a
lobe. This was found to be possible to achieve at the slightlygh frequency radiating stub and is expected to exhibit a virtual
lower frequency of 30 GHz, which is still within the same opershort at the stub-coaxial line junction at the lower operating fre-
ating frequency band of the arrag,( < —9 dB). guency. This means that the high frequency stubs will provide
The radiation pattern at 30 GHz is shown in Fig. 3. The dottegbod transmission along the main coaxial line at the lower oper-
line in Fig. 3 shows the radiation pattern of a one coaxial CT&ing frequency. The design and the calculafguarameters for
stub segment with the same dimension and design parameteithessdesign is shown in Fig. 5. As it may be seen, almost perfect
described above. The solid line in Fig. 3 shows the radiation p&iansmission and low reflectiors{; = —19 dB) were possible
tern at 30 GHz of a Coaxial CTS array formed by eight-stub elts achieve at 4 GHz. Fig. 5 also shows that this high frequency
ments. Herel.2 = 3 mm and it fulfills the demand of co-phasestub would radiate 29% of the power at 30 GHz. Alternatively,
between stubs. Each stub radiates 33% power; hence, negledtirgstub dimension may be designed so as to enhance radiation
the mutual coupling effects, eight elements will be needed &ba lower frequency band. Such a design was simulated and the
radiate more than 95% of the incident power at a rate of 33%parameters results are shown in Fig. 6. Each stub can radia-
radiation from each stub. tion 17% power at 4 GHz. Clearly combining these designsin a
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Fig. 8. Measured and calculatesl-parameters of the prototype X-band
three-element array.

Fig. 7. Photograph of the prototype X-band three-element Coaxial CTS array. V. CONCLUSION

single array will achieve the proposed multiband operation at 4A New Coaxial CTS antenna array design was proposed.
GHz and 30 GHz. This design may be varied and other possillalike the planar CTS arrays, it provides significant impedance

frequency bands may be achieved. matching advantage and an omni-directional radiation pattern.
Furthermore, by adjusting the dimensions of the center and
IV. EXPERIMENTAL VERIFICATION outer conductors along the coaxial transmission line, significant

It is critically important to verify the simulation results ofMP€dance matching advantage may be achieved. The proposed
the Coaxial CTS design with experimental measurements. F@fCost coaxial CTS antenna array provides an excellent
this reason. a three-element X-band Coaxial CTS antenna arp&t,entlal design for base stations for wireless communication
was designed, fabricated, and tested at the University of Ut&Stems at millimeter waves (LMDS). The potential use of this

A picture of the three-element array is shown in Fig. 7. TH&tenna array in multiband operation was also discussed.

simulation was performed using an FDTD code and the designVerification of the simulated results was obtained through

specifications are given as follow&1 = 18 mm, L2 = 17 Simulating, building, and testing a three-element X-band

mm, D1 = 3 mm, D2 = 6.9 mm, D3 = 40 mm, ands, = 1. Coaxial CTS antenna qrray. Good agreement was obtained be-

Nylon rings that were between the inner and outer conductdf¢een measured and simulated results from 8-12 GHz. Future

of the coaxial feed line for support were included in the FDTH¥OrK will include building and testing of a multiband design,

model. This initial design was not synthesized for a particul§t® design of dielectrically loaded Coaxial CTS structures, and

radiation pattern with the simulation data, but instead for instef}f US€ Of ferroelectric materials to realize one-dimensional

for S-parameter measurements and comparison. beamsteering [5].
S-parameter measurements of the three-element X-band

coaxial CTS antenna array were taken using an HP-8510B

Network Analyzer. The obtained experimental results (solid

line) are shown in Fig. 8, together with the simulated data (solid [1] \;\gt‘g’r-]r’:’g';f;)r/é"g‘fngfglogjtggt"g‘gg;z;“b element devices for flat plate

line with +S)' As may be seen from Fig. 8, excellent agreement[Z] V. P. Matterer),/“lé’ha-sé tuning technique .for a continuous transverse stub

may be observed, particularly in the operating frequency band  antenna arrays,” U.S. Patent 5604 505.

of the array in the range from 9.2-10.3 GHz. One may alsol3] R.-S. Chu, “Analysis of continuous transverse stub (CTS) array by flo-
b h dio in th b 10.2 guet mode method,” presented at 1898 IEEE Int. Antennas Propagat.
observe a sharp dip in the measurgd curve at about 10. Symp. USNC/URSI Nat. Radio Sci. Meetingl. 2, Atlanta, GA, June

GHz. This was attributed to the presence of a discontinuity in ~ 21-26, 1998.

the junction at one of the end connectors. Much improvement(4! il-ezr:]‘:rf]‘tgat’\a’\'/-i'Czk::]‘tf‘eifh:f;‘:éy\gn”d ‘f‘ﬁi(e’??f's'gogte'l’t‘gr?tugég‘lngggfse stub
was reallze_d Whe_n the connectors were §0Idered to_ the_ amennfb} M. Iskander, Z. Zhang, and Z. Yun, “Low cost low losses antenna array
but some discontinuity effects may be still be seen in Fig. 8. with beam steering capability,” U.S. Patent Application.
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