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Abstract—A new design of feed for radial line slot antenna (RLSA)
is presented. For better impedance match to the waveguide the eﬀect
of the various feed parameters is analyzed and their design sensitivity
is studied. This paper emphasizes the advantages of using feed with
a funnel below the connector entry and a conical segment over the
entering probe.

1. INTRODUCTION
The Radial Line Slot Antenna (RLSA) is a planar antenna having
attributes such as high eﬃciency of about 70% and higher gain of
about 33 dBi [1] compared with antennas in similar usage. It can be
designed for circular [2, 3] or linear polarization [4]. An interest in
using this antenna is growing because of its ease in manufacturing
and lower loss [1]. Nowadays, this antenna ﬁnds diﬀerent applications
such as satellite TV reception Direct Broadcast System, DBS [2, 5],
local multiport distribution system (LMDS) [6] and Wireless LANs [7].
This design presented in this paper has better performance than many
equivalent designs [8–11].
One RLSA antenna with linear polarization and its feeding
structure is shown in Figure 1. The slots are oriented in order to
have linear polarization [12]. There are two types of structures of this
antenna, two-layers [2, 4] and one-layer [13]. The two-layer type uses
incoming wave and the one-layer type uses outgoing wave for exciting
the slots.
Figure 2 shows two types of adaptors that are used in RLSA
antennas as feeding structures [14–18]. The conical probe adaptor
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Figure 1. A radial line slot antenna with linear polarization and coax
gap to radial line adaptor [1].

(a)

(b)

Figure 2. RLSA antenna adapters (a) conventional (b) conical probe.
has wider application than the conventional type because of its wide
bandwidth and thickness of RLSA.
In this paper, a modiﬁed structure that is less sensitive to
manufacturing tolerances is proposed. For this purpose it is necessary
to analyze the mutual eﬀects of the various design parameters involved.
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2. THEORETICAL ANALYSIS
An elaborate discussion on the probe-fed waveguide is given in [19].
Initially, the probe is modeled with a monopole antenna over inﬁnite
lossless ground plane (Figure 3).
The total radiated power over the upper hemisphere of radius r
can be written as
prad
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Figure 3. Monopole on inﬁnite electric conductor.

Figure 4. Calculated input reactance for monopole antenna as
antenna height, h [21].
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∼ jη kl0 he−jkr sin θ [2 cos(kh/2 cos θ)] z ≥ 0
Eθ =
4πr
z<0
Eθ = 0

(2)

and η and k are the free-space impedance and wave number,
respectively.
This equation can be used to plot Im(Zin ) as a function of the
monopole height, h. As shown in Figure 4, most radiated power from
the antenna can be achieved with h = λ/4 [20]. Therefore, h = λ/4 is
the starting point for designing the conventional probe adaptor.
3. THE FEED ADAPTOR DESIGN
A coaxial to radial guide adaptor, which is useful for arbitrary heights
of radial line, is designed here. A return loss (RL) below −30 dB
and a bandwidth of 500 MHz at 12.45 GHz frequency are suitable
speciﬁcation for use in DBS antennas. For the input coaxial port,
SMA-type connector is considered.
3.1. Conventional Probe Adaptor
Figure 5 shows the conventional type of coaxial to radial line adaptor.
The quantity of reﬂection from waveguide is simulated for a wide
variety of height of probe tuck h1 and the height of waveguide h2 .
Figure 6 shows the contour maps of reﬂection below −15 dB, −20 dB,
−25 dB and −30 dB as a function of h1 and h2 . As shown, to have the
RL below a desired value, the variation range of h2 is higher than h1 .
Also, the variation range of h1 and h2 is low. For example, to have
RL below −30 dB, h1 is between 5.5 mm and 5.8 mm (the variation is

h2
h1

dout
din

Figure 5. Conventional probe adaptor for f0 = 12.45 GHz, din =
1.3 mm, dout = 3.3 mm, εr = 2.1.
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0.3 mm) and h2 is between 9.5 mm and 10 mm (the variation is 0.5 mm).
But, for practical applications of feed adaptor in the RLSA antenna, h2
must be about λ/4 (≈ 6 mm at 12.45 GHz) [1, 4, 5]. In the next sections,
the method for increasing these variations is proposed. The reﬂection
takes its minimum at h1 = 9.4 mm and h2 = 5.4 mm (Figure 7). The
next sections demonstrate methods for resolving this restriction.

Figure 6. Return loss of the probe as function of h1 and h2 ,
din = 1.3 mm, dout = 3.3 mm, εr = 2.1.
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Figure 7. The frequency characteristics of coax gap adaptor with
h1 = 5.4 mm and h2 = 9.6 mm.
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Figure 8. Conical probe adaptor.
|J |

rad

Figure 9. Current distribution on conventional and conical probes.
3.2. Conical Probe Adaptor
Figure 8 shows the conical probe adaptor and its design parameters
h1 , h2 and cone’s upper radius g1 .
In the conventional feed adaptor the current amplitude is zero at
feed end, but in the conical type it is not zero because of the primary
phase created, θe. As shown in Figure 9, since the current phase must
be π/2 at the feed input for having best matching, the conical probe
can be associated with a reduced waveguide height, h2 .
Figure 10 shows contours for reﬂections below −15 dB, −20 dB,
−25 dB and −30 dB as design parameters h1 and h2 vary. g1 is
optimized for minimum reﬂection. This ﬁgure also shows that there is
larger area than conventional probe for reﬂection below −30 dB where
h1 and h2 may vary, but for practical values of h2 (about 6 mm at
12.45 GHz), the reﬂection is sensitive to the design parameters (h1
and g1 ). In the next section a method is described to overcome this
restriction.
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Figure 10. Return loss of conical feed as function of h1 and h2 for
optimized g1 , f0 = 12.4 5 GHz, din = 1.3 mm, dout = 3.3 mm, εr = 2.1.
By comparing Figure 11(a) with Figure 7 it is noticed that for
the same value of h2 there is an increase in the passband width and
decrease in return loss at center frequency, 12.45 GHz. Figure 11(b)
shows the frequency characteristics of conical adaptor for h2 = 6 mm.
3.3. Funnel Probe Adaptor
Figure 12 shows the funnel probe adaptor design and its geometrical
parameters h1 , h2 , g1 , g2 and h3 , for use in the RLSA antenna
application. The height h2 must be about λ/4 [22], i.e., ≈ 6 mm at
12.45 GHz. Therefore, the design is performed using h2 = λ/4 and also
by trial and error h3 = λ/2.
Figure 13 shows the return loss as a function of h3 for various
values of h1 . The g1 parameter is optimized by simulation. By
decreasing h3 for having return loss below −30 dB, h1 is decreased,
too. For h1 = 3.6 mm, return loss is found to assume a minimum
value.
Figure 14 shows the contour map for the reﬂections below −15 dB,
−20 dB, −25 dB and −30 dB as functions of g1 and h3 which occupied
83%, 52%, 17% and 8% of the area in the diagram, respectively.
The ﬁgure above predicts that if g1 and h3 are selected to have RL
below −30 dB, it is easy to do it by changing h1 . Figure 15 predicts the
reﬂection by optimized g1 and h3 . The dashed line shows the accepted
tolerance for h1 when g1 and h3 are optimum and ﬁxed. For example,
by selecting h1 = 3.6 mm and optimized g1 and h3 , the maximum
acceptable tolerance of h1 is 1.3 mm, 1.6 mm, 1.9 mm and 2.6 mm for
reﬂections below −15 dB, −20 dB, −25 dB and −30 dB, respectively.
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Figure 11. Frequency characteristics of coax gap adaptor with (a)
h2 = 9.6 mm and (b) h2 = 6 mm, f0 = 12.45 GHz, din = 1.3 mm,
dout = 3.3 mm, εr = 2.1.
This indicates that there is good manufacturing allowable tolerance
for this adaptor.
Figure 16 shows the eﬀect of changing the height of feed probe
from its optimized value when g1 and h3 are ﬁxed. It is clear that it is
possible to have RL < −25 dB by changing h1 when the optimized g1
and h3 for a given h1 is selected.
Finally, Figure 17 shows the simulation result for the funnel probe
adaptor. The frequency band is 12.2–12.7 GHz for use in DBS TV
reception. In this band the reﬂection is below −30 dB and the accepted
tolerance for h1 is 1.6 mm.
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Figure 12. Funnel probe adaptor.
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Figure 13. Reﬂection from funnel probe adaptor as a function of g2
for various h1 .

g2

Figure 14. Reﬂection from funnel probe adaptor as functions of g2
and g1 .
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h1

Figure 15. Acceptable tolerance for reﬂections below −15 dB,
−20 dB, −25 dB and −30 dB and optimized reﬂection as a function
of h1 .

Figure 16. Eﬀect of changing h1 when other parameters are ﬁxed, on
RL.

Figure 17. Reﬂection characteristics of a funnel probe adaptor.
f0 = 12.45 GHz, h1 = 3.6 mm, h2 = λ/4, g2 = λ/2, h3 = 12.2 mm,
g1 = 2.9 mm.
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4. CONCLUSION
A new design of coaxial to radial guide adaptor for RLSA antenna is
presented. Simulation results show that the funnel probe may provide
RL below −25 dB throughout desired frequency band, and also exhibit
much improved tolerance in manufacturing it.
ACKNOWLEDGMENT
The authors acknowledge the ﬁnancial support for this work from the
Iran Telecommunication Research Center (ITRC) under the contract
ITRC 10314.
REFERENCES
1. Ando, M., K. Sakurai, and N. Goto, “Characteristics of a radial
line slot antenna for 12 GHz band satellite TV reception,” IEEE
Trans. Ant. Propag., Vol. 34, 1296–1272, Oct. 1986.
2. Ando, M., K. Sakurai, N. Goto, K. Arimura, and Y. Ito, “A radial
line slot antenna for 12 GHz, satellite TV reception,” IEEE Trans.
Ant. Propag., Vol. 33, 1347–1353, Dec. 1985.
3. Goto, N. and M. Yamamoto, “Circularly polarized radial line slot
antennas,” IEICE Tech. Rep., Vol. 80–57, Aug. 1980.
4. Ando, M., T. Numata, J. I. Takada, and N. Goto, “A linearly
polarized radial line slot antenna,” IEEE Trans. on Ant. and
Propag., Vol. 36, 1675–1680, 1988.
5. Davis, P. W. and M. E. Bialkowski, “Experimental investigations
into a linearly polarized radial slot antenna for DBS TV in
Australia,” IEEE Trans. on Ant. and Propag., Vol. 45, 1123–1129,
1997.
6. Akiyama, A., T. Yamamoto, J. Hirokawa, M. Ando, E. Takeda,
and Y. Arai, “High gain radial line slot antennas for millimeter
wave applications,” Proc. Inst. Elect. Eng. Microwave Antennas
Propagation, 134–138, 2000.
7. Akiyama, A., T. Yamamoto, M. Ando, and E. Takeda, “Conical
beam radial line slot antennas for 60 GHz band wireless
LAN,” IEEE Antennas and Propagation Society International
Symposium, Vol. 3, 1421–1424, 1998.
8. Liu, W.-C., “CPW-fed notched monopole antenna for
UMTS/IMT-2000/WLAN applications,” Journal of Electromagnetic Waves and Applications, Vol. 21, 841–851, 2007.

62

Beheshti-Zavareh and Hakak

9. Eldek, A. A., A. Z. Elsherbeni, and C. E. Smith, “Rectangular
slot antenna with patch stub for ultra wideband applications and
phased array systems,” Progress In Electromagnetics Research,
PIER 53, 227–237, 2005.
10. Song, Y., Y.-C. Jiao, G. Zhao, and F.-S. Zhang, “Multiband
CPW-fed triangle-shaped monopole antenna for wireless applications,” Progress In Electromagnetics Research, PIER 70, 329–336,
2007.
11. Naghshvarian-Jahromi, M., “Novel Ku-band fan beam reﬂector
back array antenna,” Progress In Electromagnetics Research
Letters, Vol. 3, 95–103, 2008.
12. Goebels, F. J. and K. C. Kelly, “Arbitrary polarization from
annular slot planar antennas,” IRE Trans. on Ant. Propag., Vol. 9,
342–349, July 1961.
13. Takahashi, M., J. Takada, M. Ando, and N. Goto, “Characteristics
of small-aperture, single-layered, radial-line slot antennal,” IEE
Proc. Pt. H, Vol. 139, 79–83, 1992.
14. Bialkowski, M. E. and P. W. Davis, “Analysis of a circular patch
antenna radiating in a parallel-plate radial guide,” IEEE Trans.
on Ant. and Propag., Vol. 50, 180–187, 2002.
15. Jin, R., H. Zhu, and M. Ando, “A feeding circuit with CPW for
CA-RLSA,” IEEE Trans. Ant. Propag., Vol. 49, 1862–1867, 2001.
16. Kim, Y., J. Lee, H. Chae, J. Park, S. C. Kim, and S. Nam, “60 GHz
band radial line slot array antenna fed by rectangular waveguide,”
Electronics Letters, Vol. 38, 59–60, 2002.
17. Sierra-Castaner, M., M. Sierra-Perez, M. Vera-Isasa, and
J. L. Fernandez-Jambrina, “Low-cost monopulse radial line slot
antenna,” IEEE Transactions on Ant. and Propag., Vol. 51, 256–
263, 2003.
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