Updated July 31st, 2005

Chapter IV Quarter-Wavelength Antenna

Contents
4.1.

Monopole at 400 MHz

4.2.

Loaded monopole

4.3.

Baseline planar-inverted F-antenna (PIFA)

4.4.

Reduced-size PIFA

IV-1

Updated July 31st, 2005
4.1

Metal monopole at 400 MHz

The monopole antenna (cf. [1]) is the simplest quarter-wavelength single-band
omnidirectional antenna with a relatively large bandwidth – up to 10% or so. The monopole
is fed by a coaxial cable and does not require a balun transformer. However, the monopole
performance is affected by the size of the ground plane, which ideally should be large. The
dependence of the input impedance on monopole thickness is less significant. The scholarly
papers on the monopole on a finite ground plane include Refs. [2, 3].
A thin monopole antenna is a numerically challenging example for a surface patch
code since a fine surface mesh of the entire monopole length is necessary in order to obtain
accurate results. This is in contrast to the patch antenna where finer meshing of the feeding
column has little influence on the antenna behavior.
a. Geometry
This example describes a monopole antenna of height 180 mm on a small ground plane – a
square metal plate with a size of 400 mm. The antenna geometry is shown in Fig. 4.1.

Fig. 4.1. Monopole antenna.

The antenna has the following features:
1. The monopole has an omnidirectional radiation pattern, vertical polarization, and a
relatively large bandwidth. However, it cannot be matched to 50 Ω automatically, in
contrast to the dipole, since the monopole impedance is twice as small as that of the
dipole.
2. The monopole is a thin cylindrical column with a diameter of d=2.0 mm. One may
replace it with a rectangular column of equivalent width w. This yields ([1], p. 514)
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w=

d
<d
1.18

(4. 1)

From Eq. (4.1) one can find that w ≈ 1.7 mm for the present antenna. Approximation

(4.1) works better for lower frequencies.
3. Another possible approximation of the monopole in the surface code is a metal strip
whose width is four times the cylinder radius – see [1], p. 514. We will use this
approximation since it requires a smaller number of unknowns. In either case, a fine
surface mesh along the monopole is necessary. This is a disadvantage of the surface
patch code compared to the wire code.
4. The ground plane is modeled as a metal sheet of infinitesimal thickness.
5. The feed is modeled as a voltage delta-gap for every mesh edge between the
monopole and the ground plane. The number of such edges can be arbitrary,
depending on the cross-section shape of the monopole column.
6. The metal is an ideal conductor; metal losses are ignored.
b. Code

For the corresponding MATLAB code please refer to http://ece.wpi.edu/mom/ and download
example11.zip. The equivalent Ansoft HFSS V. 9.1 project is saved in the file
example11a.zip. The code should replicate Figs. 1-6 of this Chapter. In order to check the

code functionality one may perform the operations listed in Table 1 either in full or partially.
Table 1. Summary of operations to create and model a monopole antenna.

Operation

Commands

Mesh generation

1. Run struct2d.m and press the View mesh button to see the planar mesh.
Zoom in the feed area of the planar mesh to inspect the mesh structure close to
the feed. Identify the role of each planar object (two rectangles and one circle)
given in the GUI.

1_mesh

Selecting via/feed:

- Press the Accept mesh button to erase the existing 3D mesh.
2. Run struct3d.m and do the following:
- Press OK on the first (layer) GUI
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- Remove all tetrahedra from the mesh (Select all + DONE)
- Select all metal faces of the ground plane (Select all + DONE)
- When selecting via metal patches zoom in the feed area first. The feed
edges are the two bottom edges of the metal strip. Select these two edges, one
by one, by drawing a small polygon around each edge and using the Close
Polygon button. Press DONE.
- When selecting feed edges zoom in the feed area first and then repeat the
above operation (selecting the via) exactly. The feed edges are the bottom
edges of the metal strip. In this case they coincide with the via edges.
- When selecting top metal patches press DONE. Press OK on the Remove
screen.

BF generation
2_basis

MoM solution
3_mom

- Inspect the mesh and the feeding triangles visually. They should have a color
different from that of the other metal triangles. Also, plus and minus feeding
triangles have distinct colors.
Run wrapper.m and inspect the resulting number of unknowns (metal
edges).
1. Open impedance.m. The frequency range and the number of discrete
points are given in this file. Run impedance.m.
2. Run comp_s.m to inspect the return loss and impedance bandwidth.
3. Run radpattern.m to obtain the patterns (cross-/co-pol) in the E-plane
(elevation plane).
4. Run nearfield.m to inspect the charge/current distribution of the antenna.
c. Mesh

Fig. 4.2 shows the monopole antenna mesh obtained after the mesh generation operation. The
final surface/volume mesh is inspected with the script struct3d.m. Special attention should
be paid to feed assembly (selecting the via patches for the feed column, and identifying the
feeding edges with struct3d.m). The visual feed inspection is also done with
struct3d.m.

There is a difference in the feed assembly between the MoM voltage gap and the
corresponding Ansoft dipole project shown in Fig. 4.2c. The lumped port in Ansoft is defined
on a finite-width circular ring face between the monopole and the rest of the ground plane.
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When the outer radius of this face tends to its inner radius, both definitions of the lumped
port should coincide with each other.

Fig. 4.2. a) – Metal mesh created by struct3d.m; b) – voltage gap feed implemented in
MATLAB for bottom feeding edges; c) – Ansoft lumped port with the port face (a ring)
between the ground plane (a hole was cut in the ground plane) and the monopole. The
voltage is given along a feed line in this face.
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d. Input impedance

The antenna input impedance Z A = Rin + jX in is calculated in the script impedance.m
at the discrete frequency steps. The number of steps and the frequency range are specified
in that script. The simplest voltage gap feed model is given in the script; it can be
replaced by an extended gap model [4] or the magnetic frill model [1]. The present
antenna mesh has 1229 metal unknowns and needs about 1 second per frequency step on
a PIV 3.6 GHz.
The antenna resonance occurs when the reactance X in becomes zero at a certain
frequency. The resonant frequency by inspection is close to 400 MHz The script
impedance.m simultaneously computes the power, Pfeed = Pin , delivered to the antenna

in the feed at every frequency, i.e.

Pin =

1
Re( IV *)
2

(4.2)

where I is the total current in the feed and V is the applied feed voltage (1V).
The return loss (magnitude of the antenna reflection coefficient vs. 50 Ω) in dB
and the VSWR (voltage standing wave ratio, see [1])
⎛ Z − 50 ⎞
⎟
Γ dB = −20 log10 ⎜⎜ A
⎟
+
50
Z
A
⎝
⎠

VSWR =

(4.3a)

1+ Γ

(4.3b)

1− Γ

is calculated in the script impedance.m. Note that the MATLAB figure shows the
negative values for the return loss. The antenna center frequency is the frequency at
which the return loss attains its maximum value. This value is close to 400 MHz,
although the antenna is not matched to 50 Ω. Fig. 4.3 shows the output of the scripts
comp_z.m and comp_s.m for the impedance and return loss. These scripts compare the

MoM solution with the Ansoft HFSS solution. Whilst there is a good agreement at low
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frequencies, the impedance curves show a significant error for the higher frequencies,
when the monopole length is the half wavelength in free space. Generally, the surface
patch code is not very appropriate for the modeling of thin-wire antennas.

Fig. 4.3. Return loss for the monopole antenna shown in Fig. 4.1. Squared curves – MoM
solution. Solid curves – Ansoft HFSS solutions.
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e. Radiation pattern – total directivity/gain

The radiation characteristics are calculated in the script radpattern.m. The script
accepts a frequency value, searches for the closest MoM solution saved in the file
out.mat (output of impedance.m) and then calculates the electric and magnetic fields

based on this solution – see section 7.3 of Chapter VII. The fields are first calculated over
a large sphere of radius R in order to find the total radiated power, Prad

[

]

r r
r 1
r r
Prad = ∫ W ⋅ n ds, W = Re E × H *
2
S

(4.4)

r
r
Herein W is the time-averaged Poynting vector, and n is the outer normal to the sphere

surface. This value is compared to the already found antenna feed power, Pin . The ratio
of these two powers characterizes the antenna radiation efficiency ecd ,

ecd =

Prad
Pin

(4.5)

The relative difference between these two powers characterizes the antenna losses. Since
a lossless dielectric and a perfect metal conductor have been used, the relative difference
is expected to be small. The script radpattern.m gives a relative difference of 0.36%
in the present case.
Next, the total or absolute logarithmic directivity, D, on the sphere surface is
found in the form
r r r r
⎛ 4πR 2W (r ) ⋅ n (r ) ⎞
r
⎟,
D (r ) = 10 log10 ⎜⎜
⎟
Prad
⎝
⎠

r
r =R

(4.6)

For the antenna gain, G, the total radiated power Prad in Eq. (4.4) should be replaced by
Pin . For the lossless antenna, G = D . The directivity plot over the sphere surface (script
radpattern.m) for the present antenna is shown at the resonance in Fig. 4.4. One can
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see that the monopole pattern becomes directional due to the ground plane; however, this
effect is small.

Fig. 4.4. Total directivity for the monopole antenna in Fig. 4.1 at the resonance. The
maximum directivity (maximum gain in this lossless case) is approximately 1.15 dB.

f. Radiation pattern – co-polar and cross-polar components

For the elevation radiation patterns, one uses the elevation angle θ ∈ 0, π as an
independent variable in the script radpattern.m. Then, the xz- and yz-planes are
described by

φ = 0 for the xz - plane
π
φ=
for the yz - plane

(4.7)

2

in spherical coordinates. Instead of the Cartesian components of the electric field, one
needs its spherical components found in the script radpattern.m

Eθ = E x cosθ cos φ + E y cosθ sin φ − Ez sin θ
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Eφ = − E x sin φ + E y cos φ

(4.9)

Then, the co-polar directivity (directivity of the in-plane electric field component) or
simply the co-polarization yields
⎛ 4πR 2W
r
D (r ) = 10 log10 ⎜⎜
⎝ Prad

⎞
⎟⎟,
⎠

W=

1
Eθ
2η

2

(4.10)

for any fixed large radius R. Similarly, the cross-polar directivity (directivity of the outof-plane electric field component) or the cross-polarization gives
⎛ 4πR 2W
r
D (r ) = 10 log10 ⎜⎜
⎝ Prad

⎞
⎟⎟,
⎠

W =

1
Eφ
2η

2

(4.11)

Eqs. (4.10), (4.11) are only valid for the elevation radiation patterns.
The script radpattern.m outputs two radiation patterns for the present antenna,
in the E-plane (the yz-plane in our case). In this plane, the co-polar directivity clearly
dominates. The offset for the MATLAB polar plot is given as 60 dB. The output of this
script is shown in Fig. 4.5 (the offset is removed).
g. Near fields

It is also desired to inspect the near field distributions in the antenna volume or on the
antenna surface. The script nearfield.m finds and displays such distributions at a
given frequency. The script accepts a frequency value, searches for the closest MoM
solution saved in the file out.mat (output of impedance.m) and then calculates the
electric and magnetic near fields based on this solution – see section 7.3 of Chapter VII.
The electric current density on the metal surface and the associated free charge
distribution are found using the MoM solution for the metal patches. Fig. 4.6 shows the
typical current distribution for the monopole antenna.
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Fig. 4.5. Directivity of the co-polar and cross-polar fields vs. elevation angle for the
monopole antenna at the resonant frequency, in the E-plane.

Fig. 4.6. Typical current distribution along the lower half of the monopole antenna at the
resonant frequency. Lighter colors correspond to larger current magnitudes.
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4.2

Loaded monopole

Loading of electrically small monopole antennas to improve their impedance characteristics
(provide impedance matching at a smaller size, that is, height) has been employed for many
decades. Such techniques may include end-disks or top hats [5], dielectric coatings [6], or
both techniques combined [7, 8]. The antenna size can be reduced significantly, but at the
expense of decreasing the impedance bandwidth. In this section we consider a top hat
dielectric-loaded monopole.
a. Geometry

This example is adopted from Ref. 8 (Fig. 4.6) and describes a top-hat dielectric-loaded
monopole with ε r = 10.0 . The antenna geometry is shown in Fig. 4.7. Here, ε r = 10.0 for
dielectric #1. Dielectric #2 is air.

Fig. 4.7. Top hat dielectric-loaded monopole [8].
The antenna has the following features:
1. Both the top hat and the dielectric reduce the physical size of the monopole antenna
(decrease its resonant frequency) but at the expense of reducing the bandwidth. The
dielectric loading plays a major role in reducing the bandwidth.
2. Although the dielectric loading is relatively thick, no dielectric resonant (DR) modes
are excited yet.
IV-12

Updated July 31st, 2005
b. Code

For the corresponding MATLAB code please refer to http://ece.wpi.edu/mom/ and download
example42.zip. The equivalent Ansoft HFSS V. 9.1 project is saved in the file
example42a.zip. The code should replicate Figs. 7-11 of this Chapter. In order to check

the code functionality one may follow operations listed in Table 1 at the beginning of this
Chapter above either in full or partially. The creation of this structure is essentially identical
to the monopole antenna considered in Section 4.1, including the antenna feed. The dielectric
tetrahedra must be removed from:
a. the feed column
b. the entire antenna volume except for the coating cylinder.
Fig. 4.8 shows the dielectric mesh obtained after running the script struct3d.m. The
circular feed column is replaced by a rectangular column according to Eq. (4.1).

Fig. 4.8. Tetrahedral mesh obtained after running the script struct3d.m.
c. Mesh

Fig. 4.9 shows the complete antenna mesh obtained after the mesh generation operation. The
final surface/volume mesh is inspected with the script struct3d.m.
Special attention should be paid to feed assembly (removing tetrahedra from the feed,
selecting the via patches for the feed column, and identifying the feeding edges with
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feed.m). The visual feed inspection is also done with struct3d.m.Running the script
feed.m should give eight feeding edges – two for each side of the metal column.

Fig. 4.9. a) – Metal-dielectric mesh for the patch antenna created by struct3d.m. The feed
column is not seen. The lighter color corresponds to dielectric faces.

d. Input impedance

The antenna input impedance Z A = Rin + jX in is calculated in the script impedance.m at
discrete frequency steps. The number of steps and the frequency range are specified in that
script. The present antenna has a mesh with 3296 unknowns (986 metal unknowns and 2310
dielectric unknowns) and needs about 15.3 seconds per frequency step on a PIV 3.6 GHz.
The total time for 50 frequency steps is thus 15 minutes. Fig. 4.10 shows the output of the
script impedance.m compared to the equivalent Ansoft HFSS solution (a circular column
feed with r=1.19 mm is used) obtained using a mesh with 39,000 tetrahedra, a PML
enclosure, and an interpolating frequency sweep. This result is obtained by running the script
comp_z.m. The Ansoft solution shown in Fig. 4.10 requires about 40 minutes of CPU time

on the same machine.
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Fig. 4.10. Input impedance curves for the loaded monopole antenna shown in Fig. 4.8.
Squared curves – MoM solution for the resistance/reactance; solid curves – Ansoft HFSS
solution.

The antenna resonance occurs when the reactance X in becomes zero at a certain frequency.
The resonant frequency is close to 760 MHz in Fig. 4.10. Note that both the MoM solution
and the Ansoft HFSS solution could be run at a smaller number of unknowns. For the MoM
solution, for example, one can reduce the number of layers in the dielectric column.
However, a larger error in the resonant frequency will be observed in both cases.
The resonant frequency reported in [8] is somewhat larger, about 800 MHz (see Fig.
4.6 of Ref. [8]); however, the impedance shape remains the same. The shift in the resonant
frequency may be explained by the finite, relatively small ground plane used here (the
solution in [8] assumes an infinite ground plane).
The return loss (magnitude of the antenna reflection coefficient vs. 50 Ω) is
calculated in the script comp_s.m. Note that the MATLAB figure shows the negative
values for the return loss. This antenna is not matched to 50 Ω, so its impedance
bandwidth is not considered here.
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e. Radiation pattern – total directivity/gain

The radiation characteristics are calculated in the script radpattern.m – see section 4.1
for a description of that script. The script accepts a frequency value, searches for the
closest MoM solution saved in the file out.mat (output of impedance.m) and then
calculates the electric and magnetic fields based on this solution – see section 7.3 of
Chapter VII. The radiation patterns of the loaded monopole are very similar to those of
the unloaded monopole and are not shown here.
The script radpattern.m gives a relative difference of 0.7% between the
radiated and the feed power in the present case at 0.76 GHz.
f. Near fields

It is desired to inspect the near field distributions in the antenna volume or on the
antenna surface. The script nearfield.m finds and displays such distributions at a
given frequency. The script accepts a frequency value, searches for the closest MoM
solution saved in the file out.mat (output of impedance.m) and then calculates the
electric and magnetic near fields based on this solution – see section 7.3 of Chapter VII.
The fields are calculated at the center of every tetrahedron in the dielectric mesh. The
bound surface charge density on the dielectric surface is found using the MoM solution.
Next, the electric current density on the metal surface and the associated free charge
distribution are found using the MoM solution for the metal patches. In the case of the
loaded monopole, the DR modes are not developed and the inspection of the dielectric
fields does not add much significance to the analysis (the fields are mostly concentrated
around the feed). It is interesting to inspect the current distribution on the metal surface –
see Fig. 4.11. In particular, one can observe a large current on the top of the monopole,
thus giving rise to a significant magnetic field in that region. This large current indicates
that the top hat significantly contributes to the effective length of the antenna.
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Fig. 4.11. Surface current distribution on the metal surface. Lighter colors correspond to
larger current magnitudes.

4.3

Baseline planar-inverted F-antenna (PIFA)

It is well known that the monopole is the counterpart of a half-wave dipole that is
obtained using the metal ground plane in the electrical symmetry plane (with the
tangential E-field equal to zero). Similarly, the PIFA (the quarter-wave microstrip
antenna) is the counterpart of the half-wave patch (see Chapter II) obtained using the
metal ground plane in the symmetry plane of the TM patch antenna cavity mode (in the
middle of the half-wave patch). Here, the electric field tangential to the ground plane also
becomes zero. The PIFA cavity is normally rectangular (approximately half-square).
The PIFA, originally introduced in [9, 10], is one of the most popular antenna
designs for wireless communications [11-14]. PIFA’s inherent bandwidth is higher than
the bandwidth of the conventional patch antenna (since a thick air substrate is used).
Furthermore, it can be considerably enhanced.
a. Geometry

This example is adopted from Refs. [9, 11] and describes the original PIFA at 1.5 GHz. The
antenna geometry is shown in Fig. 4.12. Here, ε r = 1 (no dielectric substrate is used). The
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feed does not have to be on the edge and can be moved vertically toward the patch centerline
[14] keeping the distance from the shorting ground plane the same.

Fig. 4.12. PIFA geometry (top and side view).

The antenna has the following features:

1. The ground plane is finite. This is in contrast to Refs. [9, 11].
2. Since no exact feed diameter was reported, the rectangular feed column is chosen to
be 0.5 mm in width. The width variation in the range 0.5-1.5 mm does not
significantly alter the results.
b. Code

For the corresponding MATLAB code please refer to http://ece.wpi.edu/mom/ and download
example43.zip. The equivalent Ansoft HFSS V. 9.1 project is saved in the file
example43a.zip. The code should replicate Figs. 12-17 of this Chapter. In order to check

the code functionality one may perform the operations listed in Table 1 at the beginning of
this Chapter either in full or partially. The creation of this structure is essentially identical to
the monopole antenna considered in Section 4.1, including the antenna feed. The dielectric
tetrahedra must be removed from the entire volume. The shorting ground plane should be
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identified at the via stage in the script struct3d.m. The top patch should be selected using
the polygon tool – close polygon. It is recommended to zoom in on the mesh and make
sure that all the triangles are selected properly for the top patch. If this is not the case, they
need to be selected or deselected individually.
c. Mesh

Fig. 4.13 shows the metal mesh obtained after running the script struct3d.m.

Fig. 4.13. Complete metal mesh obtained after running the script struct3d.m. The feed
triangles/edges are seen (enlarged in Fig. 4.13b).
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Special attention should be paid to the via and feed assembly. Loading the data file
struct3d.mat should give eight feeding edges in the array FeedIndexes – two for each

side of the metal column.

d. Input impedance

The antenna input impedance Z A = Rin + jX in is calculated in the script impedance.m at the
discrete frequency steps. The number of steps and the frequency range are specified in that
script. The present antenna mesh has 1519 unknowns and needs about 1 second per
frequency step on a PIV 3.6 GHz. The total time for 60 frequency steps is thus about 1
minute. Fig. 4.14a shows the output of the script impedance.m compared to the equivalent
Ansoft HFSS solution (a rectangular column feed is used) obtained using a mesh with about
20,000 tetrahedra, a radiating enclosure, and an interpolating frequency sweep. This result is
obtained by running the script comp_z.m. The Ansoft solution shown in Fig. 4.14 takes
about 20 minutes on the same machine. The antenna resonance occurs when the reactance
X in becomes zero at a certain frequency. The resonant frequency is close to 1.35 GHz in Fig.
4.14.
The return loss (magnitude of the antenna reflection coefficient vs. 50 Ω) is
calculated in the script comp_s.m. – Fig. 4.14b. Note that the MATLAB figure shows the
negative values for the return loss. This antenna is now matched to 50 Ω at 1.5 GHz, which is
a rather significant difference from the physical resonance. Also note that Fig. 4.14b is in
very close agreement with the corresponding FDTD simulation results for the PIFA given in
Ref. [11], pp. 202-203.
Both the MoM solution and the Ansoft solution could be run at a smaller number of
unknowns. For the MoM solution, for example, one can reduce the mesh quality. For the
Ansoft solution, one can use 3 to 5 passes. However, a larger error in the return loss behavior
– impedance bandwidth – will be observed in both cases.
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Fig. 4.14. a) - Input impedance curves; b) – return loss curves for the PIFA antenna
shown in Fig. 4.12. Squared curves – MoM solution for the resistance/reactance; solid
curves – Ansoft HFSS solution.
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e. Radiation pattern – total directivity/gain

The radiation characteristics are calculated in the script radpattern.m – see section 4.1
for a description of that script. The script accepts a frequency value, searches for the
closest MoM solution saved in the file out.mat (output of impedance.m) and then
calculates the electric and magnetic fields based on this solution – see section 7.3 of
Chapter VII.
The directivity plot over the sphere surface (script radpattern.m) for the
present antenna is shown at 1.5 GHz (center of the impedance bandwidth) in Fig. 4.15.
One can see that the symmetric radiation pattern is slightly distorted. The script
radpattern.m gives a relative difference of 0.56% between the radiated and the feed

power in the present case.

Fig. 4.15. Total directivity for the PIFA antenna in Fig. 4.12 at 1.5 GHz. The maximum
directivity (maximum gain in this lossless case) is approximately 5 dB.
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f. Radiation pattern – co-polar and cross-polar components

The co-polar and cross-polar directivity components are found in a manner similar to the
approach described in Section 2.1. However, we are interested in the E-plane radiation
patterns (the xz-plane) for the present configuration.
The script radpattern.m outputs two radiation patterns (co-pol and cross-pol
components) for the present antenna, in the E-plane (the xz-plane in our case). In this
plane, the co-polar directivity dominates. The offset for the MATLAB polar plot is given
as 60 dB. The script comp_r.m (which should be run after radpattern.m) compares
these radiation patterns with the corresponding Ansoft HFSS radiation patterns. The
output of this script is shown in Fig. 4.16 (the offset is removed). One can see a
reasonably good agreement.

Fig. 4.16. Directivity of the co-polar and cross-polar fields vs. elevation angle for the
patch antenna at the center frequency (1.5 GHz) in the E-plane. The MoM solution is
shown by a solid curve; the Ansoft solution is given by a dashed curve.
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The front-to-back ratio for the present patch antenna is small, and the antenna is rather
“omnidirectional” in every plane.
g. Near fields

It is desired to inspect the near field distributions in the antenna volume or on the
antenna surface. The script nearfield.m finds and displays such distributions at a
given frequency. In the case of the PIFA the TM mode is not as prominent as for the halfwave patch (Chapter II above). It is interesting to inspect the current distribution on the
metal surface – Fig. 4.17. In particular, a large current returns from the top patch through
the shorting ground plane. A large current is also observed on the side of the shorting
plane that is opposite to the feed.

Fig. 4.17. Surface current distribution on the metal surface at 1.35 GHz. Lighter colors
correspond to larger current magnitudes.
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4.4

Reduced-size PIFA

This example is adopted from Refs. [9, 11] and shows how the resonant frequency of the
PIFA from the previous section can be reduced by a factor of 1.5. This reduction is
equivalent to a reduction in size, when the antenna is scaled to its original frequency.
However, as a result, the PIFA’s bandwidth decreases very significantly.
a. Geometry

The antenna geometry is shown in Fig. 4.18. Here, ε r = 1 (no dielectric substrate is used).

Fig. 4.18. PIFA geometry (top and side view).
The antenna has the following features:
1. The feed is in close proximity to the shorting ground plane. Therefore, the impedance
behavior (impedance matching rather than resonant frequency) is very sensitive to the
feed position.
2. The ground plane is finite in contrast to [9, 11]. Therefore, to achieve the proper
impedance matching the feed is shifted by 0.5 mm compared to [9, 11] toward the
short circuit plane.
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3. Since no exact feed diameter was reported, the rectangular feed column is chosen to
be 0.5 mm in width.
b. Code

For the corresponding MATLAB code please refer to http://ece.wpi.edu/mom/ and download
example44.zip. The equivalent Ansoft HFSS V. 9.1 project is saved in the file
example44a.zip. The code should replicate Figs. 18-23 of this Chapter. In order to check

the code functionality one may perform the operations listed in Table 1 at the beginning of
this Chapter either in full or partially.
c. Mesh

The creation of this structure is almost identical to the PIFA antenna considered in Section
4.3 but the shorting ground plane is truncated. Fig. 4.19 shows the metal mesh obtained after
running the script struct3d.m.

Fig. 4.19. Complete metal PIFA mesh obtained after running the script struct3d.m.

d. Input impedance

The antenna input impedance Z A = Rin + jX in is calculated in the script impedance.m at the
discrete frequency steps. The number of steps and the frequency range are specified in that
script. The present antenna mesh has 1255 unknowns and needs about 0.8 second per
frequency step on a PIV 3.6 GHz. Fig. 4.20a shows the output of the script impedance.m
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compared to the equivalent Ansoft HFSS solution (rectangular column feed is used) obtained
using a mesh with about 20,000 tetrahedra, a radiating enclosure, and an interpolating
frequency sweep.

Fig. 4.20. a) - Input impedance curves; b) – return loss curves for the PIFA antenna
shown in Fig. 4.18. Squared curves – MoM solution for the resistance/reactance; solid
curves – Ansoft HFSS solution.
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This result is obtained by running the script comp_z.m. The Ansoft solution shown in Fig.
4.20 takes about 20 minutes on the same machine. The antenna resonance occurs when the
reactance X in becomes zero at a certain frequency. The resonant frequency is close to 1.01
GHz in Fig. 4.20.
The return loss (magnitude of the antenna reflection coefficient vs. 50 Ω) is
calculated in the script comp_s.m. – Fig. 4.20b. Note that the MATLAB figure shows the
negative values for the return loss. This antenna is now matched to 50 Ω at 1.02 GHz, which
is not much different from the physical resonance. Note that Fig. 4.20b is also in a close
agreement with the corresponding FDTD simulation result for the PIFA antenna (Ref. [11],
pp. 202-203).
Both the MoM solution and the Ansoft solution could be run at a smaller number of
unknowns. For the MoM solution, for example, one can reduce the mesh quality. For the
Ansoft solution, one can use 3 to 5 passes. However, a larger error in the return loss behavior
– impedance bandwidth – will be observed in both cases.
e. Radiation pattern – total directivity/gain

The radiation characteristics are calculated in the script radpattern.m – see section 4.1
for a description of that script. The script accepts a frequency value, searches for the
closest MoM solution saved in the file out.mat (output of impedance.m) and then
calculates the electric and magnetic fields based on this solution – see section 7.3 of
Chapter VII.
The directivity plot over the sphere surface (script radpattern.m) for the
present antenna is shown at 1.02 GHz (center of the impedance bandwidth) in Fig. 4.21.
One can see that the symmetric radiation pattern is slightly distorted. The script
radpattern.m gives a relative difference of 0.57% between the radiated and the feed

power in the present case. The directivity looks more omnidirectional than for the fullsize PIFA antenna in Fig. 4.16.
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Fig. 4.21. Total directivity for the PIFA antenna in Fig. 4.18 at 1.02 GHz. The maximum
directivity (maximum gain in this lossless case) is approximately 4 dB.

f. Radiation pattern – co-polar and cross-polar components

The co-polar and cross-polar directivity components are found similar to the approach
described in section 2.1. However, we are interested in the E-plane radiation patterns (the
xz-plane) for the present configuration.
The script radpattern.m outputs two radiation patterns (co-pol and cross-pol
components) for the present antenna, in the E-plane (the xz-plane in our case). In this
plane, the co-polar directivity dominates. The offset for the MATLAB polar plot is given
as 60 dB. The script comp_r.m (which should be run after radpattern.m) compares
these radiation patterns with the corresponding Ansoft HFSS radiation patterns. The
output of this script is shown in Fig. 4.22 (the offset is removed). One can see a
reasonably good agreement.
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Fig. 4.22. Directivity of the co-polar and cross-polar fields vs. elevation angle for the
patch antenna at the center frequency (1.02 GHz) in the E-plane. The MoM solution is
shown by a solid curve; the Ansoft solution is given by a dashed curve.

The front-to-back ratio for the present patch antenna is small and the antenna is rather
“omnidirectional” in every plane.

g. Near fields

It is desired to inspect the near field distributions in the antenna volume or on the antenna
surface. The script nearfield.m finds and displays such distributions at a given
frequency. In the case of the reduced-frequency PIFA the TM mode is not developed
very well. The current on the metal surface (Fig. 4.23 top) is mostly concentrated around
the loop formed by the feed and by the shorting stub. The excess charge (Fig. 4.23
bottom) is distributed along the patch nearly uniformly. The opposite charge is
concentrated on the ground plane.
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Fig. 4.23. Surface current distribution (top) and free charge distribution (bottom) on the
metal surface at 1.02 GHz. Lighter colors correspond to larger current magnitudes.
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