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A low-profile Archimedean spiral antenna (ASA) with its input impedance near to
50 Ω is proposed. With high ratio of metal width to arm space (RMWAS) at the start
section of antenna arm, input impedance of the antenna is lowered down nearly to
50 Ω but becomes rippled. By adding self-complementary tapered Archimedean spiral
lines to the ends, the input impedance becomes smoother and characteristics are
improved, especially at the low-frequency band. According to the results, the impedance band and axial ratio band are from 1.4 to 18 GHz, which are about 33.3% lower
than those of a typical ASA with the same size at the lowest operating frequency. In
addition, length of the exponentially tapered microstrip balun used to feed the antenna
is 10 mm which is about λ0/21 thick at 1.4 GHz. The method put forward is useful for
low-profile design of ASA.
Keywords: Archimedean spiral antenna; equiangular spiral antenna; exponentially
tapered microstrip balun; low-profile; antenna miniaturisation

1. Introduction
Spiral antennas have been one of the most popular choices for applications in many fields
such as communication, detection, etc. While integrated with other sensors to meet the need
of multi-functionality for a system, the typical spiral antennas face more challenges to their
radiating structures, one of which is miniaturisation. Miniaturisation of spiral antennas
includes two parts: aperture reduction (Kramer, Chen, & Volakis, 2008; Nakano, 2004;
Numberger, & Volakis, 2002; Wang, Wang, & Zeng, 2010; Zhu, Zhong, & Xu, 2008) and
profile decrease (Liu, Lu, Du, Cui, & Shen, 2010; Nakano, Igarashi, Oyanagi, Iitsuka, &
Yamauchi, 2009a; Nakano, Kikkawa, Kondo, Iitsuka, & Yamauchi, 2009b; Nakano, Sasaki,
Oyanagi, & Yamauchi, 2008a; Nakano, Sasaki, Oyanagi, & Yamauchi, 2008b; Schreider,
Begaud, Soiron, Perpere, & Renard, 2007; Tzanidis, Chen, & Volakis, 2010). Low-profile
design of spiral antennas is always implemented by changing the type of cavity, such as
putting absorber under the end of the antennas (Nakano et al., 2008a, 2008b; Nakano et al.,
2009a), using ferrite as reflecting plane (Nakano et al., 2009b), adopting electromagnetic
band-gap (EBG) (Liu et al., 2010; Nakano et al., 2009; Schreider et al., 2007), etc. But the
neglect of feeding part will abate the low-profile design. While the profile is lowered down,
the feeding balun is still complicated (Tzanidis et al., 2010) or very long (Liu et al., 2010).
Consequently, a balun that is short enough and works well in an ultra-wide frequency range
is needed. It is well known that exponentially tapered microstrip balun (ETMB) is widely
used to feed spiral antennas. According to the theory of tapered lines about their impedance
transformation (Pozar, 2006), the ETMB can be of any length with its wideband impedance
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transformation kept when the balanced port is the same as or close to 50 Ω. Now the point
comes to how the input impedance of spiral antennas can be lowered down to 50 Ω.
Spiral antennas are usually designed of self-complementary structure to obtain constant input impedance about 188 Ω over an ultra-wide band. For a self-complementary
Archimedean spiral antenna (ASA), the ratio of metal width to arm space (RMWAS) is 1.
When the RMWAS is greater than 1, the input impedance of an ASA will be lowered
down (Bawer & Wolfe, 1960), and the self-complementarity is destroyed. Big RMWAS
means less turns of the spiral arms in given size, as a result of which, ripples appear in the
impedance performance (Tzanidis, Sertel, & Volakis, 2011) and the wideband matching
becomes inaccessible. But a self-complementary tapered Archimedean spiral line (ASL)
(Wang, Wang, & Liang, 2012) that makes the antenna much tighter at the ends can
ameliorate the impedance response and improve the performance.
A new type of ASA is proposed in this letter, as shown in Figure 1. The ASL at the
start section (zone 1 in Figure 1) whose RMWAS is greater than 1 provides low input
impedance, and the self-complementary tapered ASL at the end section (zone 2 in Figure
1) makes the antenna tighter and the impedance performance smoother. When fed by an
ETMB whose balanced port impedance is 50 Ω, the proposed antenna represents inherent
ultra-wide band characteristic of spiral antennas and better circular polarisation at the low
operating frequencies. In this letter, the antenna and the ETMB are modelled and
fabricated on epoxy glass and polyimide, respectively, for both of which the thicknesses
are 1 mm. And the simulations are carried out by the simulation software HFSS.
2. Antenna design and analysis
2.1. Impedance response of ASL with different RMWAS
RMWAS is defined as the ratio of metal width to arm space for a spiral antenna, which
can be expressed by the formula as follows:

Zone 2
Transition zone
Zone 1

ARSL with high RMWAS
Z

y
Slot

Copper

Copper
Self-complementary tapered ARSL
x

Figure 1.

Structure of the proposed antenna.
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Arm width
Arm space

(1)

For a typical ASA whose two arms are the ASLs defined by
r ¼ r0 þ a’

(2)

RMWAS ¼

w
aπ  w

(3)

As mentioned above, the input impedance of an ASA can be lowered down when the
RMWAS is greater than 1. Figure 2(a) shows configurations of four ASAs with different
RMWASs whose arm spices and aperture radiuses are fixed to be 1 mm and 28.5 mm,
respectively, for the sake of comparison. Actually, the spiral arms can be modelled as a
two-wire transmission line (Alwan, Sertel, & Volakis, 2012). And a bigger RMWAS
means the bigger distributed capacitance and smaller distributed inductance (Pozar, 2006),
so the characteristic impedance of the transmission line is lowered down by the rising
RMWAS, as shown in Figure 2(b). But greater RMWAS means less turns in a given size,
as a result of which ripples come about in the input impedance response (Tzanidis, Sertel,
& Volakis, 2011).
2.2. Antenna configuration and simulation
In order to eliminate the ripples and obtain a good match to 50 Ω, tapered ASLs with their
RMWASs kept to be 1 (Wang et al., 2012) are added to the ends of the ASA with its
RMWAS equal to 8. And structure of the proposed antenna is shown in Figure 1. In order
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where a is the spiral constant, r is length of the radius vector with r0 as its original value
and φ is the winding angle of spiral lines and their width is given as w, the space between
arms can be calculated to be aπ – w. Then the RMWAS of it can be given by
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(a) Configurations of ASAs with different RMS; (b) simulated input impedances of the
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Figure 3.

Complementary structure of ASA shown in Figure 1.

to construct a favourable transition from the ASL with RMWAS of 8 to the ASL with
RMWAS of 1, as show in Figure 1, the antenna is modelled as a complementary structure
of the configuration shown in Figure 3 which is made of two spiral lines with different
RMWAS based on Equation (2), RMWASs of ASL1 and ASL2 are 1/8 and 1. Winding
angles of ASL1 and ASL2 are 2π and 11π. The ASA shown in Figure 1 can be modelled
by subtracting the structure shown in Figure 3 using a circle with radius same to it.
Arm width of ASL1 is 1 mm. For the purpose of obtaining more turns, widths of the
self-complementary tapered ASL2 is halved for three times. Winding angles of lines with
different width that constitute ASL2 are set as: 2π for 1 mm wide line, 3π for 0.5 mm
wide line, 2π for 0.25 mm wide line and 4π for 0.125 mm wide line.
Input impedance of the proposed antenna is shown in Figure 4(a). The impressive low
and smooth input impedance can ensure a good performance of the proposed antenna
when the input impedance is set to be 50 Ω, which is validated by the simulated reflection
coefficient shown in Figure 4(b). Because of the bad self-complementarity and the greatly
thin lines at the ends, both the real part and the imaginary part rise along with the

Figure 4. Simulated results of the proposed antenna (a) Input impedance. (b) Reflection
coefficient.
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increasing frequency. As a result, the reflection coefficient becomes faint but is still less
than –10 dB in the frequency range of 1.3–19 GHz.
2.3. Impedance conversion property of ETMB
According the theory of impedance conversion (Pozar, 2006), the smallest length of an
exponentially tapered line converting Z0 to ZL in a wide band is determined by
λ0 jlnðZL =Z0 Þj
8π"r jΓ L j

(4)

where λ0 is free-space wavelength of the lowest working frequency, εr is the permittivity
of a substrate on which the ETMB is etched and ГL is the reflection coefficient demanded
at the feeding port. If ZL equals to Z0, the length is zero theoretically. With this understanding, a 10 mm (about λ0/23 of 1.3 GHz) long and 15 mm wide ETMB without
impedance conversion but unbalanced mode to balanced mode transformation is designed
and simulated. The S parameters are shown in Figure 5(a), which depicts that the ETMB
is competent for feeding the antenna in terms of impedance matching.
After simulating the proposed antenna with an ETMB, radiation pattern in two
perpendicular planes at 1.3 GHz (the lowest working frequency in Figure 6 (a)) is
shown in Figure 5(b). The non-squint beam shows the good performance of ETMB on
unbalanced mode to balanced mode transformation even with a length of 10 mm.
3. Fabrication and measurement
For validating the simulation, the proposed antenna and the ETMB are fabricated and
measured. By using a vector network analyser, the reflection coefficient is measured and
compared with the simulated results, as shown in Figure 6. Good agreement is shown
from the comparison, and the frequency range under –10 dB is from 1.3–19 GHz.
In a microwave anechoic chamber, the broadside axial ratio and gain are measured,
which are shown in Figure 7 along with the simulated ones of both the proposed ASA and
ASA1 shown in Figure 2 (a). And also, the radiation patterns in perpendicular planes at
several frequencies are shown in Figure 8, in which good radiation characteristic is exhibited
except for the slight asymmetry and ripples caused by the imperfect test environment.
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Figure 5. (a) Simulated S parameters of the ETMB; (b) simulated radiation pattern at 1.3 GHz in
two perpendicular planes of the proposed antenna with ETMB.
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Figure 6. (a) Simulated reflection coefficient of the antenna with ETMB; (b) the fabricated antenna
and the measured reflection coefficient.
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Figure 7.

Axial ratio and gain at the broadside.

Because of the tapered ends, axial ratio at the low frequencies are improved and the
lowest frequency under 3 dB is 1.4 GHz which is smaller than that of a typical ASA with
the same size by 0.7 GHz. Owing to the short ASLs in radiation belt in zone 1 and more
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Measured radiation patterns at (a) 1.4 GHz, (b) 2 GHz, (c) 10 GHz and (d) 18 GHz.

metallic loss along thin ends, broadside gain of the proposed is smaller than that of ASA1
at high-frequency band above 12 GHz. Besides, less metallic loss and longer ASLs in
radiation belt makes the proposed ASA exhibits big gain at the low-frequency band below
4 GHz. And the measured gain is slightly smaller than the simulated one as a result of loss
caused by the measuring system.
But from the aspect of trade-off design, the proposed antenna still exhibits great
performances, especially the remarkable low input impedance and the significant lowprofile (about λ/21 thick at 1.4 GHz). In addition, the lowest operating frequency of the
proposed antenna is lowered down by 1.1 GHz than that of a typical ASA with the same
size which is about 2.1 GHz estimated by an empirical function C ≥ 1.25λ0 (Milligan,
2005), where C is the aperture circumference.
4. Conclusion
A low-profile ASA with low input impedance near to 50 Ω is proposed in this letter. The
antenna structure is modelled by integrating ASLs with different RMWASs. The ASL1
with its RMWAS equal to 8 provides low input impedance and the self-complementary
tapered ASL2 whose RMWAS is 1 smoothes the impedance response and makes the
antenna easy to match in a wide frequency range. So the ETMB whose length is just

158

Y.-W. Wang et al.

10 mm can afford excellent transformation from unbalanced mode to balanced mode
without impedance conversion. Great agreement is shown between the simulated results
and the measured results, from which it can be known that the proposed antenna works
well between 1.4 and 18 GHz with its profile being only 10 mm (about 1/21 of the
free-space wavelength at 1.4 GHz). Additionally, the lowest working frequency of the
proposed antenna is lowered by 33.3% than that of a typical ASA with the same size.
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