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Novel Transmission Line
Impacts Antenna

Design

emand for electrically small antennas contin-

ues to soar, particularly among mobile elec-

tronic applications. Though the benefits are

significant, these antennas aren't the easiest to
achieve. Use of a novel composite-right/left-handed (CRLH)
transmission line, however, facilitates the creation of these
antennas. A CRLH transmission line incorporates a ground
plane with an etched complementary single split-ring resona-
tor (CSSRR) and a patch with two series gaps and two metal
viaholes.

Based on a CRLH transmission-line unit cell, an antenna
was designed and fabricated, and found to provide a -10-
dB impedance bandwidth of 5.63% at 3 GHz. The compact
antenna patch measures only 0.2Xg x 0.17Ag x 0.01Ay—a
69.1% reduction in size compared to a conventional patch
antenna. The compact antenna design ultimately achieved
peak gain of 4.29 dB.

Some of these electrically small antennas exploit the elec-
tromagnetic (EM) characteristics of CRLH transmission
lines. Since the realization of resonant frequency of a zeroth-
order resonator (ZOR) is independent of its dimensions, but
is determined by the configuration of the unit cells, there’s
been a spate of ZOR-based miniaturized antennas proposed
of late.! Unfortunately, these devices are often limited in terms
of bandwidth.

By combining a TM10 transmission mode and a ZOR
mode, however, some antennas increased half-power beam-
width by 53% over conventional rectangular patch antennas,
with a boost in antenna bandwidth of 3.3%.% In one study,’
a hybrid mode was proposed in which a wideband patch
antenna with TMO01 and TM10 modes was loaded with a
planar CRLH unit cell to enhance its bandwidth. However,
its size only shrank by 45% when compared to a conventional
rectangular patch antenna.
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This antenna design approach takes advantage of
composite-right/left-handed (CRLH) transmission
lines to shrink the size of patch antennas.
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1. The geometry of the pro-
posed compact antenna
includes the new CLRH

transmission line.

CRLH TRANSMISSION-LINE INNOVATION

To maintain antenna performance with reduced size, a new
type of CRLH transmission-line structure was developed. It
reduces the resonant frequency by loading with a complemen-
tary single split-ring resonator (CSSRR) for shunt inductance
and a patch slot for series capacitance. Furthermore, two
symmetric viaholes were incorporated to change the shunt
inductance. These techniques made it possible to implement
a CRLH unit cell in fully planar technology, toward the design
of a compact antenna.

Figure 1 shows the geometry of the proposed antenna's
geometry. A patch with two series gaps and two short stubs
forms on the top side, and a CSSRR slot is etched on the
ground plane on the bottom side. The two white circles denote
metallic viaholes.

101



Small-Antenna Design

! Ly/2 2CL: :2CL Ly/2 ! 2. This is an equiva- 0 T 3. Sy responses are
— : ] | lent-circuit model of -5 compared for three
[ 1 1
/2 —----- S Bt Z/2 the proposed antenna. types of antennas.

P e e a1 -10

| | =

' = : 2.5

| | —

| —|_ | 73 ‘

: : -20 “ee Wirtout CSSRR

L LC C Co—— - - Without via
A © R 1 e
-25 — With via and CSSRR

| 1

| T

f | -30

Y | 4 6 8

According to CRLH transmission-line theory, the equiva-
lent-circuit model of the proposed antenna can be depicted as
that in Fig. 2. Since the patch provides series inductance and
the gaps yield series capacitance, the patch with two series
gaps is represented as a series LC circuit (Lg and Cp), while the
CSSRR slot is represented as a shunt LC resonant tank (C¢ and
LC).* On the other hand, the capacitance between the patch
and the ground plane capacitance (C) connects the shunt
resonant tank to the patch, while capacitance Cg connects the
ground with the patch. The two metallic viaholes connected
with two short stubs are described by shunt inductance L;,
connecting the patch with ground.
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Based on the analysis above, one
can safely conclude that a model cir-
cuit is provided by a complex CRLH
transmission-line circuit: Cy represents
the left-handed capacitance; L and Ly,
represent the left-handed inductance;
C and Cc represent the right-handed
capacitance; and L is the right-handed
inductance. From the equivalent-circuit
model, the dispersion relation can be
expressed as Eq. 1:

Ba=cos I (1+ZY/2) (1)

where
B4 = the length of the unit cell,

and
Z =jwLy + 1/(jwCy)

and
Y= [](.UC/(](.UCC + I/J(L)LC +
1/J(L)LL)] +ijR

represent the series impedance and
shunt admittance, respectively. The dis-
persion relation can be determined by

means of Eq. 2 (see above).
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4. These plots offer (left) simulated electric-field distributions and (right) gain patterns for the

proposed antenna at 3.0 GHz.

In another way, it’s possible to obtain the resonant modes of
the CRLH transmission line by applying Eq. 3:

Py =nmw (n=-1,0,+1) (3)

With these relationships, the negative first-order reso-
nance, the ZOR, and the positive first-order resonance can
be obtained according to Egs. 5 and 6. At the ZOR, the phase
constant (f4) becomes zero and infinite wavelength propaga-
tion is theoretically possible, although the working bandwidth
is narrow.

The negative first-order resonance supports backward-
wave propagation with the same field distribution as the posi-
tive first-order resonance. Nonetheless, the resonance gener-
ally has such low efficiency that it cannot be used for antenna
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ANTENNA ANALYSIS

Analyzing the antenna design can be somewhat compli-
cated. Considering the shunt part, there are four relevant
resonant frequencies relative to the shunt impedance based on
this circuit model: two frequencies that null the correspond-
ing admittance (w¢ and wy ), a shunt resonant frequency (wgy),
and a transmission-zero frequency (w;). Parameters w¢, wg,,
wy, were previously explained in Eq. 3, and the relationship for
wy is given in Eq. 4:%7

1

W, = 2
L.(Ce+ ﬁ)

7+7
c, C

“)

The resonant efficiency is low at wg, and the right-handed

radiation purposes.”
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5. Shown are (left) the top
and (right) bottom of the
proposed antenna.

resonant efficiency (wg) often measures higher than is the case
in practice applications.

Simulations of an antenna model were performed for a
Teflon circuit substrate material with relative dielectric con-
stant (g,) of 2.65, tan § of 0.001, and thickness of 1 mm. The
simulations were performed using the High-Frequency Struc-
ture Simulator (HESS) software from Keysight Technologies
(www.keysight.com), based on the finite-element method
with the following dimensions: wy = 20 mm; w; = 2.72 mm; Iy
=17.4mm;]; = 0.5 mm; and g = 0.6 mm. Because the dimen-
sions w3 and 15 are related to the shunt resonance, modifica-
tions to those dimensions result in changes to the resonant
frequency, while modifications to dimensions w, and 1, lead to
impedance matching.

Figure 3 compares reflection coefficients (S;;) for the pro-
posed antenna without CSSRR, without viaholes, and with
CSSRR and viaholes. The antenna with viaholes and CSSRR
achieves a multiple-resonant frequency response with reduced
frequency compared to the other two approaches.

For the best radiated performance, the antenna dimension-
al parameters were optimized for the following values: wy = 20
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mm; wy = 2.72 mm; 1y = 17.4 mm; [
0.5mm; g=0.8 mm; w, =03 mm; |, =
6.1 mm; w3 = 22 mm; I3 = 14 mm; and
14 = 0.8 mm. The radius of the viahole
was 0.15 mm.

The simulated electric-field distribu-
tions for the proposed compact anten-
na are depicted in Fig. 4 (left). With the
structure’s two x-oriented edges being
180 deg. out of phase at 3 GHz, a trans-
verse-magnetic TM10 mode is excited.
The simulated gain for the antenna at
3 GHz is given in Fig. 4 (right), with
full orientation in the Y(Z plane and maximum gain at 4.29
dB. Figure 5 illustrates the prototype of the proposed anten-
na fabricated on the Teflon substrate with relative dielectric
constant of 2.65.

Figure 6 shows both the simulated and measured reflec-
tion coefficients of the proposed antenna. The measured data
were in good agreement with the simulated results, with just a
few exceptions. The measured 10-dB return-loss bandwidth
equaled 170 MHz (5.6%) from 2.94 to 3.11 GHz. The electri-
cal size of the radiating patch featured dimensions of 0.2),
x 0.17X9 x 0.01A( (20 x 17.4 x 1 mm) at a center frequency
of 3.02 GHz.

Owing to the CRLH structure and use of metal viaholes
to enhance the shunt inductance, antenna size was reduced
69.1%, compared to a conventional patch antenna measuring
37 x 30.4 x 1 mm. Even with this dramatic size reduction, the
microstrip patch antenna provides strong performance at its
3.02-GHz center frequency. [
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