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Dual Tapered Meander Slot Antenna for Radar
Applications

Cuthbert M. Allen, Abdelnasser A. Eldek, Atef Z. Elsherbeni,
Charles E. Smith, Chun-Wen Paul Huang, and Kai-Fong Lee

Abstract—A dual tapered meander slot antenna (TMSA) is designed for
use as an element in a phased array antenna system for RF and microwave
sensors and radar applications. The novel design of dual TMSA element,
excited by a coplanar waveguide (CPW) feed, provides a wide band and
high efficiency characteristics with 50
 input impedance at 10 GHz oper-
ating frequency.

Index Terms—Broadband antennas, meander antenna, slot antenna.

I. INTRODUCTION

Microstrip patch antennas are commonly used as building blocks for
antenna arrays. The light weight and low profile of these type of an-
tennas make them a popular choice for aircraft and missile antennas [1].
Furthermore, microstrip patch antennas are usually fed by microstrip
transmission lines on the same board.

Coplanar waveguide (CPW) fed microstrip antennas have recently
been attracting more attention. The coplanar waveguide was proposed
in 1969 by Wen [2], and since then has been used extensively in mil-
limeter wave applications. The unique feature of this feeding mecha-
nizm is that it is uniplanar in construction, which implies that all of the
conductors are on the same side of the substrate [2]. Since microstrip
antennas (MSA) are planar geometries, it is desirable to feed MSAs
with CPW for integration with MMICs AUTHOR: PLEASE SPELL
OUT “MMIC”. The main advantages of the CPW feed as compared to
microstrip line feed is its low radiation loss and low dispersion making
it suitable for antenna arrays.

According to [3], the two decades before 1940 contained much ac-
tivity on array theory and experimentation. When many antennas are
combined in an array, constructive interference of their fields creates a
main beam of highly concentrated radiation [1]. Side lobes are created
by destructive interference outside of the main lobe. The dual tapered
meander slot antenna (TMSA) presented here is a candidate element
for an antenna array. The characteristics of this novel antenna are com-
pared to existing designs to illustrate its performance for array config-
urations.

In recent investigations dealing with similar configurations include
meander slot [5], [6] and meander line [7], [8], the bandwidth and the
overall size of the antenna were the main design criteria. Although these
antennas were designed for lower frequencies, the maximum obtained
bandwidth were 2.25%, 1.54%, 2.71% and 1.78% in [5]–[8], respec-
tively. In this communication, the new TMSA design will provide a
much better bandwidth, while keeping the largest dimension of the an-
tenna approximately equal to �=2 at 10 GHz.

II. DUAL TMSA DESIGN

The antenna is constructed by making tapered meander slots in a per-
fectly conducting plane supported by a dielectric substrate of 1.5 mm
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Fig. 1. Top view of dual TMSA.

TABLE I
DIMENSIONS OF TMSA (ALL DIMENSIONS IN MILLIMETERS)

Fig. 2. Return loss for a dual TMSA with different taper angles.

thickness and relative dielectric constant of 2.17. Fig. 1 AUTHOR:
PLEASE CITE TABLE I WITHIN THE TEXT. shows the top view
of the antenna and the design parameters. The spacing between the par-
allel slots is 0.5 mm, the width of the slot is 1 mm, the angle and number
of turns in each of the tapered meanders is 75� and 4, respectively. The
antenna is designed with mitered corners to improve its performance.
Total length of the CPW feed is 10.75 mm with W and S equal to 1
and 1.5 mm, respectively.

III. SIMULATION AND RESULTS

The Advanced Design System (ADS) software package of Agilent
Technologies [4] is used to analyze this type of antenna. For the de-
sign of Fig. 1 the return loss is shown for the taper angles of 65�, 70�,
75�, 80�, and 85� in Fig. 2. These results show that the operating fre-
quency is shifted down as the taper angle is increased. The increase in
angle also causes an increase in bandwidth, and a decrease in return
loss levels. As the increase of the tapering angle increases the overall
dimensions of the antenna element, as expected, the main resonance
frequency decreases. Figs. 3 and 4 show the bandwidth versus taper
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Fig. 3. Plot of bandwidth versus taper angle for dual TMSA.

Fig. 4. Operating frequency versus taper angle for dual TMSA.

Fig. 5. Return loss for dual TMSA with different number of turns.

angle and operating frequency versus taper angle, respectively. Fig. 4
shows an almost linear decrease in operating frequency as the taper
angle is increased.

By increasing the number of turns in the meander slot, the operating
frequency is lowered. This makes sense from an intuitive point-of-view
as one would expect that an increase in number of turns would mean
an increase in the total length of the meander slot. Also the last parallel

Fig. 6. Geometry of dual TMSA with via and stub for tuning.

Fig. 7. Return loss for tuned dual TMSA with variation of L.

Fig. 8. Return loss for tuned dual TMSA with variation of d.

arm of the meander would be greater in length, thus radiating at a lower
frequency.

Fig. 5 shows the return loss for a dual TMSA with three to six turns.
The design of Fig. 1 is used with a taper angle of 75�. The slot width
and spacing between turns stay the same at 1.5 and 1 mm, respectively.
The return loss is shown from 5 to 12 GHz. The case having three turns
in the meander slot does not operate in this frequency range since the
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Fig. 9. Input resistance for tuned dual TMSA with variation of d.

Fig. 10. Plot of operating frequency versus d for dual TMSA of Fig. 6.

total slot length is too short. When there are four turns, however, the
antenna’s lowest operating frequency is about 9.5 GHz, and about 7.5
GHz when the number of turns is increased to five. At six turns there
is a slight resonance occurring at about 6 GHz. Though the return loss
level is just above �10 dB, it is an indication that the first operating
frequency of this antenna is decreasing as the number of turns is in-
creased.

Tuning of the antenna by the use of vias and stubs is introduced
to improve the impedance bandwidth characteristics. This approach is
shown in Fig. 6 where the addition of these elements provide the ability
to improve the performance of the antenna without increasing the outer
dimensions. When the vias or stubs, are applied, a reactance is intro-
duced, thereby altering the input impedance. This reactance simulates
a matched load and reduces the reflection at the input of the antenna.

Fig. 7 shows the return loss of the antenna of Fig. 6 having a taper
angle of 75�. The distance d, between the via and slot is held at 1 mm
and the spacing L, between the stubs is varied from 5 to 9 mm. Very
small changes in the bandwidth are observed. The lower operating fre-
quency of 9.83 GHz takes dominance when the length L, is 5 mm. At
L equal to 7 mm both operating frequencies of about 9.75 and 10.75
GHz have about equal levels of return loss. When the distance L is in-
creased over 7 mm the upper operating frequency starts to dominate.
At L equal to 9 mm, the upper operating frequency has a return loss
level of about�48 dB and at the lower operating frequency, about�23
dB.

Fig. 11. Operating frequency versus d for dual TMSA of Fig. 6.

Fig. 12. Comparison of return loss computations based on ADS and FDTD
simulations.

Fig. 13. Comparison of return loss computations based on ADS and FDTD
simulations.

The return loss is shown in Fig. 8 for different values of d with L
held at 5 mm. As shown in Fig. 8, varying d controls both bandwidth
and return loss level. When d is 2 mm the antenna has an operating
frequency of 10 GHz; however, there is a decrease in the bandwidth.
As d is decreased to 0.5 mm the operating frequency decreases with a
small increase of the bandwidth approaching 20%.
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Fig. 14. Directivity and gain versus frequency for a dual TMSA shown in
Fig. 6, of � = 75 , four turns, L = 5 mm and d = 0:5 mm.

Fig. 15. Radiation pattern for dual a TMSA shown in Fig. 6, of � = 75 , four
turns, L = 5 mm and d = 0:5 mm at an operating frequency of 10 GHz: (a)
x � z plane, (b) y � z plane, (c) x � y plane, and (d) 3-D pattern.

Fig. 9 shows the input resistance of the antenna as d is varied from
0.5 to 2 mm. At a d value of 2 mm, the input resistance varies the least
over the operating bandwidth, while at 0.5 mm it varies the most. The
plots of Figs. 10 and 11 show the relationship between the bandwidth
and d, and operating frequency and d of the tuned antenna of Fig. 6.

The final design, which gives 20% bandwidth, has four turns, � =

75
�, L = 5 mm and d = 0:5 mm. To confirm the results produced by

ADS, the antenna is simulated using the commercial software Ansoft
HFSS based on the finite element method. A comparison between the
results of the two simulation methods for the return loss for the design
in Fig. 8 with d = 0:5mm is shown in Fig. 12, where a good agreement
is noticeable. Additional confirmation to ADS simulation results has
been performed by a developed finite difference time domain (FDTD)
code. Due to the Yee cell nature of the FDTD technique the FDTD sim-
ulation is not performed with mitered corner but with squared corners.

Fig. 16. Computed magnetic current at for a TMSA shown in Fig. 6, of � =

75 , four turns, L = 5 mm and d = 0:5 mm at (a) 9.65 GHz and (b) 10.85
GHz.

The same design is analyzed in ADS with squared corners and the re-
sults are compared with that of the FDTD simulation. The results are
shown in Fig. 13, where good agreement is observed, even beyond the
X-band frequency range, which further validates the design procedure
using ADS.

The radiation pattern, directivity and gain of this antenna are com-
puted at different frequencies within the operating band of the antenna.
Fig. 14 shows the directivity and gain versus frequency for the final de-
sign antenna. Eight-element array of the TMSA is simulated using ADS
momentum. The radiation pattern was found to be almost the same for
all frequencies within the band, and Fig. 15 shows the x � z, y � z,
x�y and the 3D patterns computed at 10 GHz. In the x�z plane, E�
is zero because of the antenna symmetry. The antenna exhibits cross
polarization in the y � z plan with a level of about 5.5 dB.

For physical understanding to the proposed antenna design, the mag-
netic current is computed using ADS at the resonance frequencies,
9.65 and 10.85 GHz, as shown in Fig. 16. The vertical currents con-
tribute for the co-polarized fields, while the horizontal currents cause
the cross-polarized fields. This phenomenon is useful in array appli-
cations, because, in array environment the opposite directions of the
horizontal currents of the neighboring elements will deteriorate the
cross-polarized fields, while the vertical currents of the neighboring
elements are expected to strengthen the co-polarized field. To prove
this expectation, eight-element array of the TMSA is simulated using
ADS momentum. The center-to-center distance between elements is
16.5 mm. The radiation patterns of the array are shown in Fig. 17, where
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Fig. 17. Radiation pattern for eight-element array of TMSA shown in Fig. 6,
of� = 75 , four turns, L = 5mm and d = 0:5mm at an operating frequency
of 10 GHz: (a) geometry, (b) x� z plane, (c) y� z plane, and (d) x� y plane.

it is noticed that the cross polarization level is decreased to �12 dB in
the main direction of radiation.

IV. CONCLUSION

A new design of a dual tapered meander slot antenna (TMSA) is
presented, operating with a center frequency of 10 GHz and bandwidth
of about 20%. The TMSA gave a directivity of 4.2 dB and gain of 3 dB
as well as a stable radiation pattern across the bandwidth of operation.
Cross polarization levels of about�12 dB was also observed for eight-
element array of this antenna. Verification of the simulation results is
verified with measurements for a simpler design. Future research will
include the measurements for the final design in an array environment.
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