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A Compact Dual-Band Bow-Tie Slot Antenna for
900-MHz and 2400-MHz ISM Bands
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Abstract—In this letter, the overall size of a dual-band bow-tie
slot antenna is reduced by modifying the design of the radiating
slot and by extending the feeding coplanar transmission line. In
particular, it is shown that by sweeping and rounding the edges of
the radiating slots and by extending and terminating the feeding
coplanar transmission line with a short circuit, the overall size of
the antenna layout can be reduced by 47%. A dual-band proto-
type antenna is manufactured, and measured results are shown to
compare very well with simulated values from two different com-
mercial software packages. This letter presents two new techniques
that are beneficial for reducing the overall size of a bow-tie slot
antenna.

Index Terms—Bow-tie antenna, size reduction, slot antenna,
Vivaldi antenna.

I. INTRODUCTION

P LANAR antennas offer many advantages in applica-
tions that require thin, lightweight, low-cost antennas.

The bow-tie antenna [1], a planar version of the biconical
antenna, is one example of a relatively simple, broadband
planar antenna. One drawback to the bow-tie antenna is the
requirement of a balanced feed, and therefore a balun, when
driven by a coaxial cable [1]. Changing the bow-tie antenna
to a bow-tie slot antenna [2] allows for the use of a coplanar
waveguide (CPW) feed, removing the need for a balun without
adding cost to the antenna. The use of a CPW also makes it
easier to add tuning structures and to place lumped components
for impedance matching. However, these advantages come
at the cost of increased size since a slot antenna requires a
significant portion of a ground plane surrounding the antenna
image in order to function properly. Because of this limitation,
many bow-tie slot antennas are designed for use in the mid to
upper gigahertz range [2]–[4]. In fact, only a few of the bow-tie
slot antenna designs reported in literature operate below 3 GHz.
One such design, presented in [5], was designed to operate
at 1.8 and 2.4 GHz. This was a reduced-frequency version of
the design presented in [6], which operated at 3.5 GHz. In
addition to operating at lower frequencies, the antenna in [5]
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Fig. 1. Proposed compact dual-band bow-tie slot antenna.

was constructed on a thinner substrate with a lower relative
dielectric constant ( versus ). This design
had a bandwidth of 55% (return loss dB). Other than
dimensional differences, the antenna design in [5] differs little
from the basic outline presented in [6]. The work reported
in [7] adopted characteristics of a Vivaldi antenna [8] to reduce
the operating frequency of a bow-tie slot antenna. It was shown
that by designing the radiating slots of the bow-tie slot antenna
to resemble the sweeping form of a Vivaldi antenna, the return
loss at lower frequencies could be improved while preserving a
radiation pattern that was similar to a dipole.

In this letter, techniques for reducing the operating frequen-
cies of a dual-band bow-tie slot antenna are presented. In par-
ticular, for the antenna in Fig. 1, circular parabolic curves are
implemented in the design of the radiating slot, and the CPW
transmission line feeding the antenna is extended in the -di-
rection. To the best of the authors’ ability, it appears this is
the first time these two techniques have been combined to re-
duce the operating frequencies of a dual-band bow-tie slot an-
tenna. In order to demonstrate these size-reduction concepts, a
bow-tie slot antenna with the two top slits and circular curves
is designed, manufactured, measured, and compared to the an-
tenna without these features published in [7]. Both antennas are
designed to operate in the 900- and 2400-MHz Industrial, Sci-
entific, and Medical (ISM) bands and are printed on the same
substrate.

II. LAYOUT AND DESIGN OF THE BOW-TIE SLOT ANTENNA

To decrease the size of a dual-band bow-tie slot antenna, one
technique is to preserve the original length that the surface cur-
rents must traverse at both operating frequencies while simul-
taneously decreasing the overall dimensions of the antenna de-
sign. This allows for a reduction in size while supporting the
original current paths for dual-band operation. There are sev-
eral different methods that can be used to elongate this current
path [9], and this is the fundamental idea behind the introduc-
tion of both the circular swept radiating edges and the extended
CPW transmission line in Fig. 1.
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Fig. 2. (a) Illustration of the edge currents on a bow-tie slot antenna. (b) Illus-
tration of the longer edge currents on the compact bow-tie slot antenna.

The first method involves a modification of the radiating slots
in the bow-tie slot antenna. Initially, the diagonal straight edges
of the bow-tie slot antenna are redesigned to resemble a para-
metric curve. This parametric curved surface starts from the
CPW transmission line feeding the antenna in Fig. 1 and ends
with small circles subtracted from the points of the radiating
slot. The combination of the parametric curved surfaces and cir-
cles forces currents traveling along the edge of the slot into a
longer path. The second method involves extending the CPW
transmission line feeding the antenna farther into the ground
plane. Extending two narrow slits, mirroring the CPW configu-
ration, to the upper half of the antenna forces a majority of the
current from the feed into a longer path. A pictorial representa-
tion of the current flow on a bow-tie slot antenna and a compact
bow-tie slot antenna is shown in Fig. 2(a) and (b), respectively.

For the following discussion and presentation of results, the
lower and upper resonant frequencies are denoted as and ,
respectively. Similarly, the wavelengths of the lower and upper
resonant frequencies are denoted as and , respectively.
Also, to describe the curvature of the radiating slots in Fig. 1, the
following parabolic equation was used [10]: ,
where and the origin was defined at the center of
the antenna. The main purpose of the parabolic equation was to
assist designers in exactly describing the curvature of the radi-
ating slot. Analytical information such as slot length and slope
can be extracted from this equation.

III. SIMULATION AND MEASUREMENT RESULTS

The prototype antenna in Fig. 3 (top) was designed and sim-
ulated in both the commercial software packages ADS [11] and
HFSS [12]. Both simulations assumed a 1.4-mm-thick substrate
with and a copper thickness of 35 m. The proto-
type antenna was manufactured on a Rogers 4003 [13] substrate
that was 1.58 mm thick. The assumed simulation thickness of
1.4 mm compensated for the thickness reduction due to manu-
facturing. The 50- CPW transmission line feeding the proto-
type antenna was designed using AppCAD [14]. Also, the man-
ufactured prototype reported in [7] is shown for size comparison
in Fig. 3 (bottom).

A. -Parameters

The results in Fig. 4 show that the dual-band operation of the
prototype antenna is apparent at 900 and 2400 MHz. The mea-
surement and simulation results correlate very well, confirming
the design of the antenna as well as the two simulation utili-
ties. However, the upper resonance is higher in comparison to
simulation results. This is most likely due to tolerances in the
manufacturing process.

B. Fields

Figs. 5 and 6 display the field plots in the - and -plane at
both 900 and 2400 MHz, respectively. Cross polarization is neg-

Fig. 3. (top) Compact bow-tie slot antenna produced on Rogers 4003C (� �

��� mm, � � ����� mm, �� � ����mm, �� � ��� mm, �� � ���� mm,
� � ��� mm, 	 � ��� mm, 
 � ���� mm, � � ��� mm, � � ��� mm,
� � ��� mm, � � 	�
 mm) compared to (bottom) the bow-tie slot antenna
in [7]).

Fig. 4. Simulated and measured � .

Fig. 5. Field patterns in the ��-plane simulated in ADS at 900 and 2400 MHz.

ligible in both plots. However, the copolarization at 2400 MHz
is slightly higher than the copolarization at 900 MHz.

C. Gain

Figs. 7–10 display gain patterns for both the - and
-planes at 900 and 2400 MHz. It is shown that the antenna

has a max gain of 4.0 dBi at 900 MHz and 6.0 dBi at 2400 MHz.
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Fig. 6. Field patterns in the ��-plane simulated in ADS at 900 and 2400 MHz.

Fig. 7. Simulated and measured gain in the ��-plane at 900 MHz.

Fig. 8. Simulated and measured gain in the ��-plane at 900 MHz.

Fig. 9. Simulated and measured gain in the ��-plane at 2400 MHz.

In Figs. 7 and 9, the nulls of the measured gain in the -plane
are not as pronounced as the ADS simulation suggests, while
the HFSS simulations correlate very well with the measured

Fig. 10. Simulated and measured gain in the ��-plane at 2400 MHz.

Fig. 11. Surface currents simulated in HFSS at 900 MHz.

Fig. 12. Surface currents simulated in HFSS at 2400 MHz.

results. A possible cause for the difference in simulation results
is the infinite substrate layer assumed by ADS and not by HFSS.
Additionally, the antenna was measured at a finite distance
(near ). This may also explain why the measured nulls are
not as pronounced as simulation suggests.

D. Surface Currents

Fig. 11 displays the surface currents on the antenna at
900 MHz. It is shown that the top slits on the upper half of the
antenna force currents traveling toward the center to follow
the slit up and then down again, thus increasing the electrical
length of the antenna. The surface current plot at 2400 MHz
in Fig. 12 displays a similar behavior. The unequal current
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TABLE I
COMPARISON ON THE PERFORMANCE WITH OTHER REPORTED BOW-TIE SLOT

ANTENNAS.

dispersion along the slot possibly explains the differences in
the -plane gain pattern between 900 and 2400 MHz.

IV. DISCUSSION

The goal of the compact bow-tie slot design is to both achieve
dual-band operation at 900 and 2400 MHz while reducing the
overall size of the antenna. Again, is the free-space wave-
length at 900 MHz and is the free-space wavelength at
2400 MHz. The dimensions of the slot, CPW stub, and the
surrounding ground plane control the operating frequencies of
the antenna. For lower band operation, the height must be
close to , and the overall width of the slot ( )
needs to be both approximately and near . Further-
more, defining the CPW stub length as is optimal for
upper-band matching. This stub length is similar to the results
reported in [15], which presents a folded slot antenna design
driven by a CPW transmission line.

Comparing the two designs in Fig. 3, width and height
were reduced from 240 to 160 mm and from 140 to 110 mm,
respectively. When compared to the design in [7], this is a
decrease of 47% in overall size. However, this size reduction
comes at the cost of bandwidth. Further comparison with other
published bow-tie slot designs is shown in Table I. The first
row shows the lowest operating frequency for each reported
design. The second and third rows show the computed overall
slot width of each design using the free-space wavelength
and the guided wavelength , respectively, of each lowest
operating frequency. Finally, for comparison, the fourth and
fifth rows show the substrate permittivity and thickness values,
respectively. These comparisons show that the antenna pre-
sented in this letter has the smallest overall free-space slot
width and the second smallest overall substrate guided slot
width. The difference when compared to [5] and [7] is quite
apparent and demonstrates that significant size reduction can
be accomplished without resorting to high dielectric materials
such as those used in [6].

The design reported here also improves the gain pattern in
the -plane at 2400 MHz. In particular, for this design, the
gain at 2400 MHz was 6.0 dBi, which was an increase from
the 8.17-dBi gain reported in [7]. It is believed that this in-
crease in gain is due to the length of the parabolic radiating
slot. The overall length of the radiating slot presented in this
letter was approximately , and the overall length of the
radiating slot for the design reported in [7] was approximately

. The radiation pattern of the antenna with the -wide
radiating slot has a single main radiation lobe with very low
sidelobes (this can be observed in Figs. 9 and 10), where the
radiation pattern of the antenna with the wide radiating
slot has multiple sidelobes that are larger than the main lobe.
These sidelobes of the radiation slot reduce the gain of

the antenna reported in [7]. This gain reduction and increased
sidelobe behavior is consistent with previously reported electri-
cally long dipole antennas [16]. Finally, the gain at 900 MHz
exhibits a small decrease from 4.62 dBi in [7] to 4.0 dBi in the

-plane. The field plots also reiterate this observation and are
comparable to the values reported in [15].

The addition of the top slits in this design improves the overall
impedance match and the radiation pattern characteristics of the
antenna. This makes the design presented in this letter more
desirable when compared to the antenna reported in [7].

V. CONCLUSION

In this letter, two methods to reduce the overall size of a
dual-band bow-tie slot antenna are presented. In particular, tech-
niques for extending the coplanar waveguide feeding the an-
tenna and sweeping the radiating slots in a circular manner are
presented. It is shown that by combining these two techniques
to design a single dual-band (900 and 2400 MHz) bow-tie slot
antenna, the overall size can be reduced by as much as 47%.
In addition to the size reduction benefits, the gain is increased
at 2400 MHz when compared to a similar but larger antenna.
Throughout this letter, simulations from two different commer-
cially available simulation tools are shown to compare very well
with measurements. The addition of top slits and modifying the
radiating slots in a circularly swept manner gives the design in
this letter benefits over other reported designs in literature in the
form of smaller size and lower frequencies of operation.
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