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Abstract: The planar inverted-F antenna (PIFA) is popular for portable wireless devices because of
its compact size and low profile. The PIFA is designed to operate with a ground plane and the
ground plane is an integral part of the antenna assembly. In fact, the ground plane size is the
limiting factor for the PIFA in many applications. Some work has been reported on the
performance of PIFAs mounted on a conducting box of fixed size; however, what is lacking is a
parametric study on the antenna behaviour as a function of geometry or antenna position and
orientation on a finite ground plane. This paper presents results from a comprehensive
investigation on the performance of a conventional PIFA mounted on ground planes of various
sizes and shapes. The orientation and position of the antenna on a fixed-size ground plane is
analysed. The influence of ground plane geometry on resonant frequency, bandwidth, gain, and
radiation patterns are presented. These results are very useful in the design of a PIFA for
applications requiring a small ground plane. Specifically, the results show the trade-offs between
PIFA geometry and ground plane size with electrical performance. Both numerical simulation and
experimental data are presented.
1 Introduction

Studies of the effects of ground plane size on antenna
performance date back to the 1950s [1 6]. Most such work
focused on the characteristics of a monopole antenna
mounted on a finite circular ground plane. Later, the effects
of the ground plane on other antenna types were studied,
including microstrip antennas [7 9]. Current applications
require antennas to be mounted on small ground planes
such as found in handheld communication devices. The
most popular model for a ground plane is the so-called
perfect ground plane, which assumes the ground plane to be
perfectly conducting, planar, and infinite in extent. Then
image theory can be employed to remove the ground plane
from the analysis. Real ground planes are often metallic,
planar in shape, and finite in extent. The finite extent is
responsible for results that deviate from those for a perfect
ground plane. Thus, models for antennas on a ground plane
of infinite extent are not sufficiently accurate for most
applications. Generally, when the ground plane is not large
compared to a wavelength, electrical performance will be
different from that of a finite ground plane.

Planar inverted-F antennas (PIFA) are popular for use in
small communications terminals such as handheld radios
because they are capable of covering popular wireless
communications bands and are low profile. PIFAs require a
ground plane, and at the same time the ground plane
should be small in order to fit in portable terminals. Some
work was performed on PIFAs mounted on a conducting
box of fixed size [11]. However, parametric studies of PIFA
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behaviour as a function of ground plane size, or as a
function of antenna position and orientation on a finite
ground plane, have not been reported. This paper discusses
results from a comprehensive investigation into the
performance of a conventional PIFA mounted on ground
planes of various sizes and shapes. Results from numerical
simulations and measurements on prototype hardware are
presented to show the influence of PIFA geometry on
resonant frequency, bandwidth, gain, and radiation pat-
terns. Presented data are very useful in the design of a PIFA
for applications requiring a small ground plane. Specifically,
the results reveal trade-offs in electrical performance
between PIFA geometry and ground plane size.

2 Ground plane size effects on conventional PIFA
performance

This paper presents results from an extensive investigation
using numerical simulations into the effects of a finite
ground plane on the performance of a PIFA. In addition,
measurements were made to confirm computational results.
The PIFA structure in Fig. 1 was used for all computations
and measurements. Both the simulated and measured PIFA
consist of a square conducting plate with dimensions
20mm� 20mm and a short-circuit plate with 5mm width
and 10mm height. These dimensions are selected to give a
resonant frequency in the PCS band, which is 1875MHz for
an infinite ground plane. At 1875MHz, the PIFA
dimensions in terms of wavelength are G 0.125l,
H 0.065l, and S 0.03125l. Of course, results can be
scaled with frequency for application to other bands. The
PIFA is mounted at the centre of a square ground plane
with variable side length L. The following ground plane
sizes L are used to measure the characteristics of the
antenna: 20, 40, 60, 80, 100, 120, 140mm. The PIFA is
probe fed and the probe position on the x-axis px is
determined such that the input impedance is 50O at
resonance; see Fig. 1. The experimental model is
constructed of 0.381mm thick brass and the probe is
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� Ground plane size significantly influences antenna
radiation patterns.

� Finite and small ground plane size introduces high
crosspolarisation in the plane of the ground plane.

The position and orientation of a PIFA on a fixed-size
ground plane were also studied. It was found that the PIFA
should be placed close to the corner of the ground plane
where the short-circuit plate is at the ground plane edge for
optimal gain and bandwidth performance.
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