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Abstract
This article proposes an ultra-wideband coplanar strips (CPS) rectangular spiral
antenna that is fed by coplanar waveguide (CPW). The CPS is formed by gradually
reducing the width of the CPW ground planes without the need of a balun. The
antenna operates in the frequency band (3.5-10.6 GHz) and has miniaturized size of
50 3 40 3 0.508 mm on a Rogers RO4003C substrate. The CPS spiral is terminated
with a 100 X chip resistor for matching. A parametric study was performed to choose
the CPS spiral dimensions. A good agreement is found between simulations and
measurements in the radiation pattern and the return loss which was found to be bet-
ter than 10 dB over the band. The measured peak gain ranges between 1 and 4.7 dBi.

KEYWORD S

coplanar strips, coplanar waveguide, spiral antennas, UWB antenna

1 | INTRODUCTION

Spiral antennas have attracted much attention during the past
few years in applications that require compact size and ultra-
wideband performance, such as in broadband LTE devices,
broadband satellite communication devices, and high-
resolution microwave imaging systems.1,2 However, there
are two main drawbacks with spiral antennas. The first is
that their impedance is not 50 X and thus requires wideband
baluns for impedance matching.2–4 The second is that spiral
antennas usually require central feeding which leads to sub-
strate thicknesses that incur high fabrication costs.2

To overcome these drawbacks, designers have occasion-
ally used coplanar waveguide (CPW) to feed these antennas
to benefit from its attractive properties in terms of easy inte-
gration with active and passive devices, low-frequency dis-
persion, and simple feeding mechanism.1–9 However, even
with CPW feeds, baluns have been frequently used mainly to
convert an unbalanced CPW line to a balanced 2 arm spi-
ral.1,3,4 This has the effect of complicating the design,
increasing the size, and reducing the bandwidth.2

Muller and Sarabandi in Ref. 2 produced a 3-arm CPW
spiral antenna that is fed by CPW. In this design, the center
conductor of the CPW and its ground planes were wound to

form a 3-arm spiral shaped radiating element. The resultant
antenna did not need a balun as the feed and spiral were both
CPW. However, winding the three CPW arms to form the
spiral resulted in a larger size antenna (85 3 65 3

1.524 mm) on a substrate having er 5 3.38.
This article proposes a CPS spiral antenna that is fed by

CPW. A simple transition between CPW and CPS is used in
which the CPW grounds are tapered in to form the CPS
without need of any balun. Then the two-arm CPS are
wound to form the radiating spiral antenna (Figure 1). The
proposed 2-arm spiral antenna has a size of 50 3 40 3

0.508 mm and is therefore much smaller than the 3-arm
antenna in Ref. 2. Moreover, the proposed antenna is easy to
design by virtue of its simple structure. Simple design formu-
las were used to estimate the initial dimensions of the outer-
most and innermost rectangular CPS loops.

2 | DESIGN DETAILS

The top view of the proposed UWB antenna is shown in Fig-
ure 1. The antenna is etched on a 0.508 mm Rogers
RO4003C substrate (er5 3.55, dielectric loss tangent5
0.0027). The CPW feed center conductor width S and slot
width W are chosen using IE3D of Mentor Graphics10 to
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yield a 50 X CPW line characteristic impedance. The chosen
CPW feed dimensions are S5 2.04 mm and W5 0.125 mm.

The spiral is chosen to be square in shape (K5 L) to
make the design simpler. The width (K) of the outermost
loop is chosen according to the formula in Equation 12:

K ffi 2co
4fmin

ffiffiffiffiffiffiffiffiffiEr;eff
p (1)

where co is the speed of the light in free space and er,eff is the
effective dielectric constant of the CPS. A full-parametric
study has been carried out as detailed below to yield a CPW
strip width p5 2.375 mm and slot width q5 0.0625 mm.
Using the expression of er,eff for CPS in Ref. 11 results in
er,eff 51.697. Substituting in Equation 1 with fmin5 3.5 GHz
gives K5 32.89 mm. Taking this value of K as initial value,
HFSS simulations are conducted to examine the effect of
changing K on the return loss response. This study reveals
that choosing K5 29.9 mm yields better return loss response
(>10 dBi), as shown in Figure 2.

FIGURE 1 A top view of the proposed UWB antenna on a Rogers
RO4003C substrate. (S5 2.04mm,W5 0.125 mm, R5 18.75 mm,
V5 7.5 mm, t5 4 mm, g5 0.25mm, p5 2.375mm, q5 0.0625mm,
X5 Y5 10.5 mm, L5K5 29.9mm, h5 0.508 mm, er5 3.55,
tan d5 0.0027)

FIGURE 2 Effect of CPS spiral widthK on the return loss for the
dimensions in Figure 1

FIGURE 3 Effect of CPS conductor width p on the return loss for
the dimensions in Figure 1

FIGURE 4 Effect of CPS slot width q on the return loss for the
dimensions in Figure 1

FIGURE 5 Photograph of the fabricated antenna showing top view
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Similarly, the width (X) of the innermost loop is chosen
according to the formula in Equation 2:

X ffi 2co
4fmax

ffiffiffiffiffiffiffiffiffiEr;eff
p (2)

where fmax5 10.6 GHz and er,eff5 1.697. Substituting these
values in Equation 2 gives X5 10.5 mm which is found to
yield best return loss response (>10 dBi) over the band.

The number of turns is chosen to be �2 based on the
values of K and X obtained from Equations 1 and 2, and the
values of p and q resulting from the parametric study as
explained below.

In general, it is better to increase the CPS conductor
width p to reduce the CPS impedance, so that it gets closer
to the CPW feed 50 X impedance and hence improves the

FIGURE 7 The measured and simulated radiation patterns in the x–z and y–z planes at (A) 5 GHz, (B) 7 GHz and (C) 10 GHz

FIGURE 6 Measured and simulated |S11| in dB vs frequency for the
antenna of Figure 1
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return loss. This effect is shown in Figure 3 and the value of
p is chosen accordingly to be 2.375 mm. For all the other
values of p tested in Figure 3, the return loss exceeds 10 dB
at some frequencies.

Decreasing the CPS gap width q will result in a decrease
of the CPS impedance to approach the 50 X feed impedance
and hence improve the return loss. This effect is shown in
Figure 4. We have chosen q5 0.0625 mm. However, we
were not able to choose a lower q to avoid reaching the fabri-
cation tolerances. Figure 4 shows that for q higher than
0.0625 mm, the return loss exceeds 10 dB at some
frequencies.

3 | SIMULATED AND MEASURED
RESULTS

The antenna of Figure 1 was fabricated and tested and its
photograph is shown in Figure 5. To verify the design, simu-
lation results were obtained for the return loss using HFSS
and compared with measured results over the frequency
band 3.5-11 GHz, as shown in Figure 6. The return loss was
found to be better than 10 dB with good agreement between
measurement and simulation over the entire band.

It is important to mention that the simulations and meas-
urements of the return loss have shown that there is no need
for air-bridges or bond-wires as the antenna is close to being
symmetric with respect to the x axis, as shown in Figure 1.

Moreover, a 100 X chip resistor is used to terminate the spiral,
as shown in Figure 1. This value was initially chosen as 80 X
which corresponds to the impedance of the CPS spiral for strip
width p5 2.375 mm and slot width q5 0.0625 mm11 (Fig-
ure 1). The 80 X termination is replaced with 100 X termi-
nation which is the closest value that is available in our
lab. Nevertheless, the HFSS simulations as well as meas-
urements show that using 100 X termination satisfies the
UWB antenna requirement on the return loss such that it
produces better than 10 dB return loss over the band (Fig-
ure 6). The average power dissipated in this chip resistor
was found through simulations to range between a low of
0.5 mW at 7 GHz and a high of 10 mW at 11 GHz for a
0.5 W input average power. It is worth mentioning that a
load resistor has also been used for matching in the UWB
spiral antenna of Ref. 2 and resulted in a small effect on
the antenna gain (see figure 12 in Ref. 2).

Figure 7(A–C) shows the simulated and measured E-
field radiation patterns in the x–z plane (E-plane) and y–z
plane (H-plane) at 5, 7, and 10 GHz, respectively. Good
agreement has been observed at all three frequencies. The
fact that the antenna is more directional in the x–z plane as
compared to the y–z plane indicates that the pattern is omni-
directional especially at the lower frequencies, as shown in
Figure 7.

The measured and simulated group delay, which are
obtained from the measured and simulated phase of S11,
respectively, are shown in Figure 8. This figure shows an
almost flat group delay response over the band with peaks
not exceeding 5 ns in both measurement and simulations.
This antenna is therefore expected to cause low signal
distortion.

Figure 9 shows the measured and simulated peak gain
versus frequency for the antenna of Figure 1. The peak gain
ranges between 1 and 4.7 dBi in the measured data and
between 20.8 and 4.2 dBi in the HFSS simulations. This dif-
ference may be due to calibration and measurement errors.
The fact that the gain is not very stable with frequency is a
common feature of spiral antennas.2

Figure 10 shows the simulated radiation efficiency of the
proposed antenna as a function of frequency. The radiation

FIGURE 8 Measured and simulated group delay of the proposed
antenna of Figure 1

FIGURE 9 Measured and simulated peak gain vs frequency for the
UWB antenna of Figure 1

FIGURE 10 Simulated radiation efficiency vs frequency for the
UWB antenna of Figure 1
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efficiency ranges between a low of 40% and a high of 70%.
This range of efficiency is common in spiral antennas as
shown in Table 1 below for different spiral antenna
designs.

4 | ANTENNA SIZE COMPARISON

Table 1 shows the comparison in terms of size between the
proposed antenna and several other broadband spiral anten-
nas. Our antenna is clearly significantly smaller in size as
compared to the other antennas investigated, and has similar
performance in terms of bandwidth, gain, and radiation
efficiency.

5 | CONCLUSION

This article proposes an UWB CPW-fed-CPS rectangular
spiral antenna. This antenna has the advantages of compact
size, ease of design, and exhibiting better than 10 dB return
loss over the frequency band 3.5-11 GHz without the need
of balun. A simple tapering of the CPW ground and a 100 X
chip resistor are used for matching. The chip resistor con-
sumes only between 0.5 and 10 mW for a 0.5 W input aver-
age power. The antenna size is significantly smaller than
other spiral antennas reported in the literature.
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