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Analysis of Linear Coaxial Antennas

Jean-Fu KiangMember, IEEE

Abstract— Two types of linear coaxial antennas, coaxial—

colinear antennas, and slotted coaxial antennas are studied to Zr __
check the possibility of using them as the base-station antenna ¥
in personal communication systems. The slot voltages and input (1) hy
impedance of linear coaxial antennas are obtained by using a v ‘g‘
transmission-line analysis where the radiation effect is accounted ol
by a shunt and a serial admittance, respectively. The current N 5 SRR \(2) i
distribution is obtained by solving an integral equation using the “ i Y-ﬁﬁ‘ -
method of moments. The radiation pattern and directivity are "
then obtained from the current distribution and the reflection - -
coefficient inside the coaxial cable. Factors analyzed include v '}”
frequency, coaxial filling permittivity, and segment number. (7\‘;) hn
Index Terms—Coaxial-colinear antenna, field pattern, gain, — l
input impedance, slotted coaxial antenna, transmission line anal- v T
ysis. ¢
(N+1)
|. INTRODUCTION
OAXIAL cables have been widely used to feed signal to
microwave antennas or transmit signals from antennas

to receivers. The cable openings can also be used as radia]gors ) ) . . . .
e . . . Ig. 1. Configuration of a coaxial—colinear antenna and its equivalent trans-

after some modifications. In [1], a coaxial cable opening |sission line model.

flared out to increase its radiation efficiency. The fields in

space and inside the coaxial cable are expanded in terms

f eigen functions and the fields in the flared region ar . . .

ce)xpeagged Eycusc,)ingsg tiedfi;itz-efagwint me’tahog ’Iar? [Z?anposvl% driven on the outer surface of the coaxial cable to obtain a

conservation technique is applied to analyze a coaxial-fe&]h. gain in th? broadside dlrectl|on.' .

monopole antenna. In [3], a coaxial opening is flushed with Circumferential slots on a cylmdncal waveguide surface

an infinitely large ground plane and the center conductor jgve peen analyzed for .|ts admittance [8]. In .[9].' a fuII-waye

mounted with a hemisphere to reduce signal reflection. analysis has been applied to study the radiation properties
Coaxial colinear antennas have been considered as ar‘?& circumferential slot on the outer conductor of a coaxial

elements to replace two-dimensional dipole arrays because GRRle- 'IA‘ slottedf coaX|z|;1I cable_ aldso haz thﬁ pote_fnnr?l tlo aChr']eV]?

feeding structure of the former is much simpler than that é%othvo tages of equa magnlltu ehanf E‘ ase If the length o

the latter [4]-[6]. In [7], a Snyder dipole is analyzed, whictfach segment is one wavelength of the dominant mode in

is a simplified version of the coaxial—colinear antenna. In th{g€ coaxial cable. Such a structure can be made by peeling

paper, a single coaxial-colinear antenna is considered agffathe outer conductor at regular intervals, which is simpler

base-station antenna for personal communication systems Hifh making a coaxial colinear antenna. Since the wavelengths

to its low cost and structural simplicity. It consists of severdiSide and outside the coaxial cable are different, changing
segments of half-wavelength coaxial cables where the indBf dielectric constant of the coaxial-filing material implies
conductor of one cable is electrically connected to the outefanging the physical length of each segment, which is a half
conductor of the adjacent one [4]-[6]. The intent is to have thB!) wavelength of the dominant mode inside the coaxial
excitation voltages across all the slots in phase and equalcple for the coaxial—colinear (slotted coaxial) antenna. The

magnitude so that a stronger in-phase current distribution dgfation change of multiple excitation sources affects the
current distribution on the outer surface of coaxial cable,

hence, affects the radiation-field pattern.
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Fig. 2. Configuration of a slotted coaxial antenna and its equivalent trarfdg- 3. Current amplitude of an end-fed 14-element coaxial—-colinear
mission line model. antenna: f = 1060 MHz, ¢« = 14 mm, d = 0.2 mm,

Zy = 167Q,Z;, = 0,e = 1.6¢,.
method in [6];0: experiment in [6].

: this approach; ----: numerical

equations. These two parameters are then used to calculate the 2 , . , , .
directivity of the linear coaxial antennas for further analysis,
which is an important factor in designing the base-station
antenna for personal communication systems.

100}

80+
Il. TRANSMISSION LINE ANALYSIS

It is very complicated to solve the antenna problems shown 601

in Figs. 1 and 2 rigorously. One possible solution involves
expanding the fields inside the coaxial cable by using a set of
coaxial waveguide modes and expanding the fields in the gap

N
<

o —

Relative Current Phase ( deg. )

regions by using a set of finite elements. The fields outside 20
of the coaxial cable can be expressed in terms of the current
on the outer conductor surface and the Green’s function. Then of
the solution is obtained by matching all the tangential fields ,‘
across all the gaps concurrently. -200’ : . . . .

In this paper, we try to solve the problem in two parts.
For waves guided inside the cable, the gaps can be viewed as /%o
equivalent admittances that consume the guided power. TH& 4. Current phase of an end-fed 14-element coaxial-colinear antenna;
admittance of a single slot on an infinitely long cylinder is used parameters are the same as in Fig. 3.
in the sense that the power radiated from such a slot is the same
as the power loss across an equivalent admittance connectelgOr the coaxial

—colinear antenna (shown in Fig. 1) the
in the transmission line. Then, equivalent transmission lin

YEM mode inside the waveguide can be modeled by using
Y& transmission line equations [10]. The voltage and current

as shown in Figs. 1 and 2. The voltage across each admitt fes in each segment are

solved from the transmission line analysis is taken as the
voltage drop across the corresponding gap. These voltage Vie(ze) = VJr iheze +V/e —ikez 1< N
drops are then used to drive the currents on the outer surface

of the cable. Le(ze

) (V+ Zk(ﬁ( ‘/é—e—ik[Z[)7 1 < g < N
In this approach, the interaction among currents on thq/ 1(znan) =
)=

VO( thNt1ZN+1 +FG—ZkN+14N+1)
coaxial outer surface and the interaction among slots inside the"

coaxial cable are included, but the coupling from the current only1(zy11
the outer surface into the inner surface is not considered. This

solution procedure is significantly simpler than the rigoroushere 2y, = 2 + d, for 1 < ¢ < N,zy11 = 2 + dn,
full-wave solution and its validity will be verified later bythe length of thefth segment ish, = d; — d;_1. Z, =
comparing with results in the literatures, as shown in Figs. 3-&)log (a,/b;)/+\/€¢ /€, 1S the characteristic impedance of the

ZN+1 ( tRNF1ZNFL _ ]_“e—ikN+1ZN+1) (1)
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Similarly, at the junction: = —dy we have

Vi +Vy ==V,(1+1)

Vv, 1 _
1-D)=Y,V,(1+TD)=———(VF =Vy). (5
ZN1 ZN

In (4) and (5),Y, is the admittance of a circumferential slot on
the outer surface of the coaxial cable, which can be calculated
as [9], [11]

P+ -00 iwe, : H(l)
Ya = 5730 = a/ de£ Sinc2 <M) w (6)
V] oo Ky 2 ) H§V (k,a)

Relative Field Strength ( dB )

whereq is the outer radius of the coaxial cabtgis the width

. . of the circumferential sloty, = \/k2 — k2, P is the radiated

30 100 150 power from a slot with a voltage drdp across it. The function
6 ( deg. ) sinc (z) is defined assin (z)/x. Next, (2), (4), and (5) are

solved to obtain the coefficienis and Vf with1 </ < N.

Fhe voltage drop across the slotat= —d, is

Fig. 5. E-plane field pattern of an end-fed 14-element coaxial—coline

antenna. f = 1060 MHz, « = 14 mm, d = 0.2 mm,
Zy = 1670, Z;, = 0,e = 1.6e,. . this approach; ----: numerical
method in [6];0: experiment in [6]. _ —
[6];0: exp 6] Vig =V, +V, 1</¢<N. @)
{th segment with outer radiug, and inner radiusy, k, = For the slotted coaxial antennas shown in Fig. 2, the voltage

wy/peg iS. the wave number in segmeft), V,* gnd V. are  drop across the slot is the voltage difference between the ends
the amplitudes of the voltage waves propagating inEad  of two adjacent segments. Thus, the voltage and current waves

—Z direction, respectivelyV;, is the amplitude of the incident gt two sides ofz = —d, are related by

voltage wave in the feeding coaxial aindis the reflection

coefficient of the incident voltage wave at the junctionr= Yo[Vig1(ze41 = heg1) — Ve(ze = 0)] = Iy(z = 0)
—dx. Here, the time variation of~** is used. L<i<N—1

If a load impedanceZ;, is attached to the end of the coaxial
antenna at = —dp, we haveVi(hi) = ZpI1(hy) or

Vel Ly emihi = %(V;reiklhl —Vemi (2) TIp1(ze41 = hegr) = Le(z = 0), 1<¢<N-1. (8)
1

Zp, is a constant if the load is a resistor, zero (infinity) iExplicitly,

the end is short-circuited (open-circuited), or a function of

frequency if the load is an inductor or a capacitor. Vzileik“lh“l + Vz?rle_ik“lh“l —(V;F+V))

Due to the transposition of inner and outer conductors at the 1
junction z = —dy, the voltage drop across the slot is equal to = Y.Z,
the voltage at one end of the coaxial cable segment. To satisfy 1 -
the Kirchhoff's voltage and current laws at the junctions of TH(VZH@Z e

(V;F=V7), 1<t<N-1

- —Zkl 1h[ 1
— ‘/Z-I—le + + )

the equivalent circuit, shown in Fig. 1, we have 1
=_—(V -V~ <I<N-1.
Ve(ze = 0) = =Viq1 (241 = hegr)s 1< N-1 ZZ(VZ Vo), lsfsN-1 ©)
I[+1(Z[+1 = h[_|_1) - Y;Vé-kl(zé-kl = h[_|_1) Slmllarly, at the junctionz = —dxn we have
=I(z=0), 1<l{<N-1 (3)
(vt -\ _ + _ -
Explicitly, Vo(L+ 1) = (Vi +Vy) = Y. Zn (V= Vy)
ViV ==V -y okt “ogom-Luiove.  ao
ZN41 AN
1</<N-1
1 Next, (2), (9), and (10) are solved to obtain the coefficidhts
_(Véileikmhm _ Vé?rle_ikmhm) and Vf with 1 < ¢ < N. The voltage drop across the slot

Zrt1 at z = —dy is

_ Ya(VA—_leikthHl + Vélle_ikl+lhl+l)
1
=-_(V/-V7), 1<i<N-1 (4
4

Vég _ (Vé+ + Vé_) _ (‘/é+eik[+1h£’+1 + ‘/é_e_ikl+libl+l)
1<f<N. (11)
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[Il. CURRENT DISTRIBUTION AND RADIATION FIELD 12
The electric fieldE(7) generated by the current on the outer _ > N=35
surface of a wire antennd(7) can be expressed as [12] a 1 |
o e
o 7 =1\ piko [F—T | 1 > ,___9’—9—’/‘*’”_’—0 N=5
E(F) :iwu/ dr’ G )e_ —— — = —~
s 4z |7 — 7 We, L 08f .
V. J(7 ) eiko [F—7| 3 o
/ dr’ (7_)6 — . 12) = N =10
S 47r|7’ - | g 06M
< ¢ ’,/

Once the voltage drop across the slots are obtained, the current

distribution on the outer surface of the coaxial cable can be go 04l # P G S
obtained by solving the integral equation using the method of :g o N =10
moments [12] > /
2Vi6(7 —7¢), on thetth slot g 07 |
T _ ) —2VeolT —7¢), g
E(r) = {0, elsewhere (13) .
0 — 1 1 1
where V;, is the voltage drop across th#h slot at7,. A 0 2 4 0 8
set of one-dimensional linear basis functions are chosen to Slot Index
expand the surface current, then another set of step functi(pﬂﬁ 6. Slot voltage amplitude of linear coaxial antennaso—: coax-
are chosen as the weighting functions. ial-colinear antennaf = 995 MHz, « = 1.2 cm,b = 0.4 cm,d = 0.2

Assume that an infinite ground plane is placed at half 6f ¢ = 3.75 cm, i = 7.5 cm, Z;, = 0,¢ = d¢,. --o--: slotted coaxial
. antenna, parameters are the same as the coaxial-colinear antenna except that
a segment length below th&th slot, then the image method;, — 15 ¢
can be used to replace the original problem by an equivalent
cable radiating in free-space [11]. The equivalent cable has. the t ission i vsis i h without
twice the length of the original cable above the ground p|aH§'”9 he ransnt1t|SS|ont_ ine anatysls :cntr?ur_raEF'z/Troaz withou
and has twice the number of excitation slots. The amplitu suming any atténuation constant of the mode.

of the excitation voltage across each slot is the same as tha't:'g' S ShOV.VS the field pattern in the plane an.d our results_
of its image. match well with both the numerical and experimental data in

The radiation field pattern can be calculated from (12) on([é?] artqund the mallrtl beam Fo'nt'?gt'ﬁ thg plane. In t??j_i th
the current distribution is solved from (13). The directiviy irection, (_)url rdestu S a(;e N oserdo_ N measyr;;nm_en " ata than
of the antenna is defined as the maximum power density 0\5@? humerical data in [6] are and vice versa in rection.

the power density of an isotropic radiator which radiates the Fig. 6 shows the slot-voltage amplitude of both a coax-

same amount of power as the original radiator. Thus, we hak —'colmear and aslottgd coaxial antenna. The am.pllt'ude of the
incident voltage wave is one volt. The abscissa indicates the

|E|12nax/770 slot order instead of a real distance. Since the intent is to have

D= IV.I2(1 = T|2)/(Zy114772) (14)  the slot voltage equal in phase and magnitude as discussed
in the introduction, the segment length of the slotted coaxial

wheren, = \/p/e, is the intrinsic impedance of free-spaceantenna is twice that of the coaxial colinear antenna with the
r is the distance from the observation point to the origin, arf@me filling permittivity. Thus, the total length of the slotted

|E|max is the maximum electric field strength in all directions¢oaxial antenna is roughly twice that of the coaxial—colinear
antenna with the same number of slots. In Fig. 6, the slot

voltage is quite uniform for a coaxial-colinear antenna, but a
significant tapering is observed for the slotted coaxial antenna.
In Figs. 3 and 4, the current distributions on the outerhe associated phase variation of both antennas are shown in
surface of a 14-element end-fed coaxial—colinear antenPgy. 7. The phases of all the slot voltages in a coaxial—colinear
are shown. The amplitude obtained by this approach matghtenna are quite uniform and a smooth phase variation is
reasonably well with the experimental result in [6]. Th@bserved for the slotted coaxial antenna.
discrepancy is more obvious away from the feeding cableThe input impedance looking from the feeding coaxial
end because this approach assumes no conductor or dielegigigmentV + 1 is related to the reflection coefficiehtby

IV. NUMERICAL RESULTS AND DISCUSSIONS

loss, while the numerical results in [6] assume an attenuation -~ 14T

constant for the TEM mode propagating inside each cable Zin = 2t log(an41/bNy1)—— (15)
segment. The phase variation obtained by this approach is 2m 1-T

more rapid near some slot locations. where ny4+1 = /p/en+1 is the intrinsic impedance of

The comparison shows that our approach is correct. tie TEM mode in coaxial segmen¥ + 1. The reflection
the dielectric and conductor losses inside the coaxial calgleefficients incurred by a single circumferential slot on the
are considered, the gap voltages are expected to decreadger surface of an infinitely long coaxial cable are shown
in the propagation direction of the TEM mode. In sucin Fig. 8. In the low frequencies, the reflection coefficient
circumstances, the gap voltages can still be obtained bltained by the transmission line analysis is about 10%
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9 gep P g Fig. 9. Frequency variation of the input impedance of a coaxial—colinear
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Fig. 8. Magnitude of reflection coefficient caused by a circumferential slot in 0.96 0.98 1 1.02 1.o4
ﬁ:;ngggsgilsor(‘_?fg)a’;al C%blle‘cr:n 16'2 le'b,ez 0.4 cnj._ﬁ(:itran(s)n;lscsrl;)n Fig. 10. Frequency variation of the input impedance of a slotted coaxial
[ — . = ) -———— = . . . . -
' ' o ! . :antenna; parameters are the same as in Fig. 9 except that5 cm.
€ = 1.5€5; === P TLA, d = 0.1 cm, € = ¢,; o: full-wave analysis (FWA), P 9 ot ?

d = 0.1 cm,e = 1.5¢,; x: FWA, d = 0.3 cm, e = 1.5¢,; —o—: FWA,
d =0.1 L E = €o. . . .
om, e =€ from two with N = 5 to four with N = 10, while the

number of sidelobes for the slotted coaxial antenna increases
different from that of the full-wave analysis in [9] where allffrom three with N = 5 to four with N = 10. Most of the

the higher order modes in the cable are considered. sidelobe magnitude of the coaxial-colinear antenna is higher
Fig. 9 shows the input impedance of a coaxial-coline#inan that of the counterpart slotted coaxial antenna by 10-25
antenna. The variation range is small over a 10% bandwidiB, except that the first slotted coaxial sidelobe is higher
centered at 1 GHz. The input impedance of the counterp#irtan the first coaxial-colinear sidelobe with = 10. As the
slotted coaxial antenna is shown in Fig. 10. The frequensggment number increases, the sidelobe level of both antennas
dependence shows a resonance behavior near 980 MHz wtieareases.
N =5 and near 995 MHz whe®v = 10. This implies that  For reflector antennas like paraboloid dishes, tapering the
the coaxial—colinear antenna has a wider bandwidth than tilatminating field reduces the amplitude of sidelobes, but
of the slotted coaxial antenna in the sense of input impedanasually at the price of increasing the main beamwidth. If we
The field patterns in thé&-plane are shown in Fig. 11. Themake an analog between the slot-voltage distribution along
number of sidelobes for the coaxial-colinear antenna increaties cable with the field distribution on the reflector dish, the
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Fig. 11. E-plane field pattern of linear coaxial antenngs= 995 MHz, Fig. 12. Frequency dependence of directivity of linear coaxial antennas; all
a=12cm b =04cm,d =02cm,e = 375cm h = 7.5 cm parameters other than frequency are the same as in Fig. 11.

for coaxial-colinear antenna (CCA), = 15 cm for slotted coaxial antenna
(SCA), Z;, =0, e = 4e,. : N =5 for CCA; ----: N = 10 for CCA;
—o—: N = 5 for SCA; ——: N = 10 for SCA.

slotted coaxial antenna has a tapering slot-voltage distribution,
hence, the sidelobes level is reduced. It is interesting to
notice that the main beamwidth is also narrower than that
of a coaxial—colinear antenna. However, the physical length
of the slotted coaxial antenna is about twice that of the
coaxial-colinear antenna and the current distribution (which
is the real radiating source) on the coaxial outer surface is not
quite smooth as indicated in Fig. 3.

To be considered as a base-station antenna in personal
communication systems, directivity or antenna gain in the
horizontal plane is an important factor. In Fig. 12, we show
the directiveity of both types of antennas. The directivity
of coaxial-colinear antennas are relatively insensitive to fre-

rectivity ( dB; )

o et

D

1 1 1 1

guency and is higher than that of the counterpart slotted 1 2 3 4 5 6
coaxial antennas. On the other hand, the directivity of the
slotted coaxial antennas are more sensitive to frequency. This
implies that the bandwidth of the slotted coaxial antenna k&®. 13. Effects of coaxial filling permittivity on the directivity of linear

(=)

Relative Dielectric Constant

narrower than that of the coaxial—colinear antenna in the seff&&«al antennas; all parameters other thamre the same as in Fig. 11.

of directivity.

Over most of the frequencies considered, the main beahe coaxial-colinear antenna varies up and down around a
points in the horizontal directiof® = 90°). For the coax- constant which is 8.8B; whenN = 5 and is 11.51B, when
ial-colinear antenna witt = 10, the maximum field direc- N = 10. The directivity of slotted coaxial antenna shows slight
tion switches away from the horizon whefit> 1,043 MHz.  variation, the high directivity at low permittivity occurs where
For the slotted coaxial antenna wifii = 5 (N = 10), the the main beam points far away from the horizon. Bor= 5,
maximum field direction switches away from the horizon whetne maximum field angle is 2727°, and 22 when¢ equals
f £965 MHz (f < 992 MHz). These frequency ranges are,, 1.1¢,, and1.2¢,, respectively. ForV = 10, the maximum
associated with the abrupt changes of directivity in Fig. 12 field angle is 12, 12°, and 13 whene equalse,, 1.1¢,, and

Since the permittivity of the coaxial cable filling determineg.2¢,, respectively.
the segment length and the slot locations, which, in turn, Finally, the effects of segment number on the directivity
determines the current distribution and the field pattern, vege calculated and shown in Fig. 14. For the coaxial-colinear
calculate the directivity of both types of antennas with differerintenna, the directivity shows an alternative high—low pattern
filling permittivity and the results are shown in Fig. 13. Asvhen the segment number is increased. The alternation mag-
the permittivity is changed from, to 6e,, the directivity of nitude becomes smaller with increasingand the directivity
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- - T half that of the latter. A directivity of 14.2 dBan be achieved
14 e by using a 19-segment coaxial—-colinear antenna.
S’ o
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