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A Comparison of a Wide-Slot and a Stacked Patch
Antenna for the Purpose of Breast Cancer Detection

David Gibbins, Maciej Klemm, Ian J. Craddock, Jack A. Leendertz, Alan Preece, and Ralph Benjamin

Abstract—A wide-slot UWB antenna is presented for intended
use in the detection scheme being developed at the University of
Bristol, based on the principle of synthetically focused UWB radar
using a fully populated static array. The antenna’s measured and
simulated, input and radiation characteristics are presented and
compared to an existing, stacked patch antenna that has been de-
signed for the same purpose. The results of this study show that the
wide-slot antenna has excellent performance across the required
frequency range. Compared to the stacked-patch antenna used in
our previous array, the wide-slot antenna can be 3 times smaller
(in terms of front surface). The compact nature of the slot antenna
means that the detection array can be densely populated. Addition-
ally, this new antenna offers better radiation coverage of the breast.
For angles up to 60 away from bore-sight radiated pulses are al-
most identical (fidelity 95%), whereas for the patch antenna fi-
delity falls to 58% at the angular extremes. This uniform radiation
into the breast should result in focused images with low levels of
clutter.

Index Terms—Breast cancer, microwave radar, ultrawideband
(UWB) antennas.

I. INTRODUCTION

B
REAST cancer is the most common form of cancer in

women (excluding skin cancers) [1], [2] however with

early detection there is a high chance of successful treatment

and long-term survival. The most common method in use for the

detection of breast cancer is X-ray mammography and, while it

has been an effective tool for detecting breast cancer it is recog-

nized that the technique has a number of limitations including

producing a significant number of false-negative and false-pos-

itive results [3], [4].

Microwave imaging has gained interest recently due to ad-

vances in both hardware and imaging software. The method is

a potential alternative imaging technique that would be inex-

pensive, provide more sensitive 3D imaging data, avoid using

ionising radiation and would yield a system that is both quick

and comfortable for the patient [5]. Microwave imaging tech-

nology relies on there being a detectable difference in the di-

electric properties of a tumor and the surrounding breast tissue
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at microwave frequencies, such that when the breast is illumi-

nated with microwave radiation there is a significant reflection

from the tumor [6]. Early work in this area was based on the

premise that the structure of the breast is relatively electrically

homogeneous and that a contrast of approximately 5:1 exists be-

tween malignant and normal tissue [7], [8]. More recent studies

[9] have shown that, while the contrast between malignant and

normal adipose-dominated tissue could be as large as 1:10, the

contrast in denser glandular tissue is much less at around 10%.

This presents a significantly more challenging problem than was

initially thought and serves to underline the need for an antenna

design with the best possible performance in terms of band-

width, size and pattern characteristics.

There are a number of techniques under investigation uti-

lizing microwave signals as a means of detection. One approach

considers it as an inverse scattering problem (microwave tomog-

raphy [10]), in which the breast is illuminated with microwave

radiation and the scattered energy is received at a number of

remote locations. From this information the permittivity distri-

bution inside the breast may be estimated. However the data

processing required when implementing this method is complex

and it is not easy to see how information from many different

frequencies may be included [11].

An alternative approach is to tackle the problem using a sim-

ilar architecture to that of ground penetrating radar (GPR) in an

approach first introduced independently by Hagness et al. [12]

and Benjamin [13], [14]. Ultrawideband (UWB) radar imaging

as a means of detecting breast cancer, is a technique that is cur-

rently being developed by a number of research teams [12],

[15], [16]. In these systems a short pulse, or a synthesized pulse

constructed from a frequency sweep, is directed into the breast

and the reflected signals are then detected by one or more re-

ceive antennas. The sweep is transmitted in turn from a number

of different locations and the resulting set of received signals

are then time- or phase-shifted and added in order to enhance

returns from high contrast objects and to reduce clutter. Such

radar-based systems are capable of producing high resolution

images without the need for complicated reconstruction algo-

rithms, due to the wideband nature of the UWB signals. With

this approach there is a trade-off between simplicity of anal-

ysis and information, since—unlike the inverse scattering ap-

proach—material properties are not directly recovered [16].

A critical part of any detection scheme is the antenna design.

In order to obtain high resolution, accurate images the antennas

must be able to radiate signals over a wide band of frequencies

while maintaining the fidelity of the waveform over a large an-

gular range [17]. If the antenna is to be used in a fully populated

array aperture (as at Bristol) then there is an additional, quite
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Fig. 1. Schematic of the stacked patch antenna (not to scale).

critical, geometrical size constraint placed on the antenna; the

antenna’s geometrical dimensions must be as small as possible

in order that the maximum number of antennas may accommo-

dated in the array. This will allow as much information to be

gathered as is possible which, in turn, will reduce clutter in the

results.

Existing antenna designs either use resistive loading to

improve their UWB performance, e.g., resistively loaded

monopoles [18], dipoles [16], [19], [20], bowtie [21], [22],

and horn [23] antennas, which result in low efficiencies [6], or

antennas are unsatisfactorily large, e.g., stacked patch [24] and

planar monopole [25], all of which have dimensions in the order

of 25 mm or greater while operating in the same frequency

band. This paper presents a new slot antenna designed for use

in Bristol’s breast cancer detection system. The dimensions of

the slot, feed and ground have been chosen so that the antenna

operates optimally while cavity-backed, with the slot in contact

with a matching medium that has electrical properties similar to

that of normal breast tissue. In terms of it’s electrical size, this

antenna has frontal surface area of aproximately half that of the

planar monopole in [25] and a third of that of the stacked patch.

The structure of this paper is as follows; firstly the new

wide-slot antenna will be presented along with a slot-fed,

stacked patch antenna that was previously designed for the

same application [24]. The performance of the patch will be

compared with that of the wide-slot antenna. The method by

which measurements were obtained will then be discussed

and the paper will then go on to present results obtained by

measurement and FDTD computer simulation. These will

include return-loss, transfer functions, fidelity and time domain

characteristics.

II. THE ANTENNAS AND EXPERIMENTAL SETUP

The antennas being examined in this paper are:

(i) A cavity backed version of a stacked patch antenna

(Fig. 1) that has been previously designed at the Univer-

sity of Bristol. This antenna was designed for use in the

breast cancer detection system being developed at that

institution and was originally presented in [24].

(ii) A fork-fed wide-slot antenna (Fig. 2) that is intended to

replace the stacked patch antenna in this application.

Both these antennas are in the main constructed of dielec-

tric substrates with a high relative permittivity of 10.2. They

have been optimized to operate with the antenna face immersed

in a matching medium with dielectric properties similar to that

Fig. 2. Schematic of the wide-slot antenna (not to scale).

of human breast tissue, in order to reduce reflections by elim-

inating the air/skin interface [6]. The matching medium used

is described in [26] and is mainly comprised of oil of paraffin

and distilled water. This mixture has a relative permittivity of

around between 9 and 10 at frequencies between 2 and 10 GHz

and an attenuation of 2 dB/cm at a frequency of 8 GHz As this

material has been designed to have similar electrical properties

to human breast fat it is also used as a simple breast phantom

for the antenna measurements presented in this paper.

A. The Stacked Patch

The stacked patch antenna consists of a microstrip line

feeding a slot, which in turn excites an arrangement of stacked

patches. The slot feed was used in order to eliminate the in-

ductance associated with a probe feed. The patches sandwich

a lower permittivity substrate and their size was chosen so

that a lowest order resonance was achieved at either end of the

desired frequency band. The dimensions were then manually

optimized by using an FDTD computer simulation [24]. The

efficiency of this antenna was found from FDTD to be 88%

at 4 GHz, and 97% at 6 and 8 GHz (these values were found

by simulation since experimentally obtaining full 3D radiation

patterns of the antenna is difficult when submerged in the

medium). The stacked patch antenna can be seen in (Fig. 1);

the dimensions (in [mm]) being: , , ,

, , , , , ,

, , . It should be noted that this figure

shows the antenna without the cavity used to back the antenna

while taking measurements.

B. The Wide Slot

The wide-slot antenna consists of an approximately square

slot set in a ground plane on one side of a substrate with a relative

permittivity of 10.2. On the other side of the substrate is a forked

microstrip feed that splits, just below the slot, from a 50 feed

into two 100 sections which excite the slot. The fork feed was

chosen as a means of increasing the operational bandwidth [27].

As with the patch the efficiency of this antenna has been found

by simulation. At 3 GHz the efficiency was calculated as 60%,
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Fig. 3. The wide-slot antenna with a prototype cavity, fed directly from a
coaxial cable (left). The SMA fed stacked patch antenna mounted in the cavity
used for the measurements (right).

at 6 GHz at 80% and 90% at 9 GHz. The new antenna can be

seen in (Fig. 2), its dimensions are: , , ,

, , , , , (all

dimensions in [mm]).

This antenna is based on that described in [27] but has been

heavily modified and optimized to work efficiently when the slot

is in contact with a matching medium with relative permittivity

of approximately 10. This optimization was a manual iterative

procedure performed using FDTD simulations and included the

resizing and rescaling of the slot, fork feed and ground plane

and the introduction of the high permittivity substrate on which

the current antenna is built.

The simulations used in the optimization process were run

using FDTD software developed at the University of Bristol.

In the simulation the slot side of the antenna radiates into a

50 mm-thick block of dielectric ( , ) with an air

gap behind the antenna. The meshes used in the optimization

process have cells of sizes varying from 1 to 0.1 mm, while

number of cells in the mesh varied from to

cells depending on the stage of the opti-

mization. The workspace was terminated by Mur 1st order ab-

sorbing boundary conditions. A planar current source between

the ground and microstrip was used to excite the feed line with

a raised cosine pulse of width 112 ps. The transmission line was

terminated inside the workspace using a vertical 50 resistive

load.

Both antennas were designed to work with a cavity attached

to the rear side where the microstrip feed is located. This was

done to prevent any radiation from the back surface of each an-

tenna coupling into other antennas in the array. The cavities used

consist of an absorber lined, brass enclosure that extends down

to the face of the antenna.

The two antennas are shown together in Fig. 3. This figure

clearly demonstrates the difference in size between them. It

should be noted that, while a detailed description is not in the

scope of this article, the feed for the wide-slot has been modi-

fied to eliminate the SMA connector and, hence, further reduce

Fig. 4. (a) Experimental arrangement. (b) Close-up of positioning apparatus.

the overall dimensions. This was done by connecting the feed

coaxial cable directly to the antenna itself. A hole was made in

the side wall of the cavity level with the top surface of the an-

tenna substrate and the microstrip line. The outer conductor of

the coaxial cable was soldered to the edges of the hole which was

just large enough for the inner conductor and dielectric insulator

to pass through. Inside the cavity the dielectric is terminated at

the edge of the antenna substrate and the inner conductor is sol-

dered to the top surface of the microstrip line.

C. Experimental Setup

In order to fully characterize the antennas the input and ra-

diation characteristics must be determined. As these results are

required with the antennas radiating into a breast phantom, ob-

taining measurements, especially the radiation data, is quite a

challenge. Since it is the transmission performance between two

of the antennas that is the critical factor in the imaging appli-

cation and due to a lack of suitable reference antenna, the ra-

diation characteristics of the antenna under test were found by

measuring the transmission between two identical antennas of

that type.

The experimental setup used to take measurements can be

seen in Fig. 4. In this arrangement both receiving and trans-

mitting antennas are immersed in a large tank of the matching

medium/phantom, described at the start of Section II (1). The

transmitting antenna (2) is fixed close to the tank wall in a sta-

tionary position facing out into the medium. The receiving an-

tenna (3) is mounted on a rig (4) that describes an arc of radius

100 mm around a central point at which is the center of the face

of the first antenna. The manner in which the second rig follows

the arc results in the second antenna always directly facing the

first. Measurements were taken in the E and H planes using a

VNA (5), the chosen plane selected by attaching the antennas to

the measurement rig in the correct orientation before immersion

in the phantom medium.

III. RESULTS

It is important that the input and radiation characteristics of

the antenna be known across the whole of the antennas intended

operational bandwidth and angular range. As the antenna is in-

tended to radiate a simulated short pulse its transient response
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Fig. 5. Measured and simulated (FDTD) � characteristics of the wide-slot
antenna.

is also important, including the fidelity of the signals that the

antenna transmits.

A. Input Response

The simulated reflection coefficient for the cavity backed

wide-slot antenna can be seen in Fig. 5, along with the equiv-

alent measured results. It can be seen that there is a pleasing

level of agreement between the two data sets. Both show that

the 10 dB bandwidth extends from around 4 GHz (4.5 GHz

in the simulated case) to above 10 GHz which is sufficient for

this application. In the measured data there are some small

discrepancies where the rises above 10 dB around 6

GHz. This frequency region will be examined later to assess

its impact on the transmission response. Both simulated and

measured results show that there are two major nulls in the

response and are in good agreement in their location in the

frequency spectrum. The differences between the two plots are

probably due to fabrication tolerances particularly the feed,

which has dimensions of the order of 0.2 mm. This level of

agreement gives confidence that other results obtained using

the FDTD model will correctly reflect the true properties of

the antenna. The FDTD model used to produce these results

had the same setup as that used in the optimization process.

The workspace was and was descretized

using a mesh made up from cells with sizes

varying from 1-0.1 mm.

When the measured return loss of the new wide-slot antenna

is compared with that of the stacked patch (Fig. 6) it can be seen

that the two antennas show comparable performance character-

istics, with similar 10 dB bandwidths; the patch demonstrating

a 5.5 GHz–10 dB bandwidth between 4.25 and 9.75 GHz. The

patch antenna data also shows a drop in performance across the

frequency range of interest between 7.3 and 8.3 GHz where the

rises to 8 dB at it’s maximum. This discrepancy will also

be examined in the transmission response.

B. Transmission Response

In order to achieve minimal distortion to UWB signals

transmitted into the breast, it is desirable that the magnitude of

Fig. 6. Comparison of measured � characteristics for the wide slot and patch
antennas.

Fig. 7. Simulated and measured � characteristics (bore-sight direction) for
the wide slot and patch antennas.

the transfer function of the antenna be as flat as possible across

the required frequency range [28]. Examining the measured

bore-sight in Fig. 7 (bore-sight being normal to the plane

of the antennas—see Fig. 1, Fig. 2) shows that both antennas

have approximately the same performance; both having a

maximum magnitude around 4 GHz which then drops steadily

with frequency.

The major difference is that the stacked patch has a transfer

function magnitude that is consistently 7 dB higher from 4–9

GHz. This is because the main beam of the patch antenna is

narrower than that of the wide-slot, concentrating the radiated

energy at bore-sight, in other words, the patch has a higher gain

due to its larger aperture. This can be illustrated by employing

an approximation based on beamwidths to find the directivity at

bore-sight of both antennas at a particular frequency. As-

suming that each antenna only has one main lobe the directivity

at 4.5 GHz, in dBs is given by [29];

(1)
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Fig. 8. Measured � data: (a) E-plane, wide-slot antenna; (b) E-plane, stacked patch antenna; (c) H-plane, wide-slot antenna; (d) H-plane, stacked patch antenna.
Angle 0 corresponds to the bore-sight radiation direction.

Where and are the 3 dB beamwidths in degrees for two

orthogonal planes (in this case the E and H-planes). Substituting

the beamwidth values for the patch and slot gives

(2)

(3)

Hence, the gain would be approximately 2.3 dB less for the

wide-slot antenna than for the patch. The transfer functions

in Fig. 7 are measured using two antennas, therefore for one

antenna the wide-slot’s gain is 3.5 dB lower than that of the

patch. Comparing this value to the 2.3 dB difference due to the

change in aperture it can be seen that the lower directivity of

the wide-slot accounts for the majority of this difference; the

remaining 1.2 dB is most likely due to slightly higher back-ra-

diation from the slot or to measurement errors. The wider

antenna beam (hence, lower gain) seen in the results for the slot

is in fact desirable, since it gives the most uniform illumination

of the breast by the antenna array elements, the reduction in

bore-sight gain is simply an unavoidable consequence of this.

The main reason for the shape of the slope of the measured

responses is the attenuation in the matching medium, which in-

creases with frequency. This is borne out in the fact that the

simulated for the wide-slot antenna was practically flat be-

fore losses in the phantom were taken into account. With their

inclusion (post simulation using a frequency dependent model)

the simulated results again show a good agreement with those

Fig. 9. Examples of pulses synthesized from measured transfer functions nor-
malized to the maximum field strength at 0 . Each pulse is displayed in a 2 ns
time window.

measured. The simulated was also found, using an FDTD

model with the same general setup and antenna mesh as that

used to measure the s11 but with two antennas facing each other

through a block of the high dielectric medium, 100 mm thick.

Referring back to the issues raised with the data the wide-

slot antenna seems to have been affected very little by the slight

mismatch in the 6 GHz region. The stacked patch does show a

slight dip in the transfer function at around 7–8 GHz indicating

that in this case the mismatch may be having an effect.

Examining only the bore-sight gain gives a limited view of

the antenna’s performance. For our application it is required that
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Fig. 10. Comparison of measured pulses’ duration (99% of pulse energy): (a) E-plane, (b) H-plane.

the antenna has as uniform a response as possible from to

away from bore-sight, in both the E and H-planes (the

E-plane being in the y-direction—see Figs. 1 and 2). In order

to best understand what is happening at a variety of angles and

frequencies Fig. 8 illustrates how the transfer function data from

2–11 GHz varies from to , while the contour lines

indicate signal magnitude in 2 dB steps.

Examining the E-plane plots shows that the wide-slot antenna

[Fig. 8(a)] maintains its signal strength across the angular range.

The antenna has maximum field strength at 0 but never drops

below 10 dB of this value. The variation in the magnitude with

frequency is similar at all angles. There does seem to be a slight

squint in the positive direction at higher frequencies, which is

probably a result of the lack of symmetry in this plane due to the

location of the feed on the slot’s lower edge. This squint is min-

imal, manifesting itself as a 3–5 dB difference between values at

the angular extremes. Fig. 8(b) shows the equivalent results for

the patch. This shows that the main beam of the patch antenna

is narrow in comparison and above 7 GHz splits into a number

of lobes which vary by up to 25 dB between the nulls and peaks

in only 30 . The drop off of signal magnitude at higher frequen-

cies noted in the bore-sight transfer functions (Fig. 7) can again

be seen between 9 and 10 GHz, with the addition that at more

extreme angles this occurs at lower frequencies. The asymme-

tries in the E-plane of the patch (and as will be seen later,

pulse duration data) are related and likely due to the feed. The

microstrip/slot feed arrangement means that the fields exciting

the patches are not symmetrical in the E-plane (a similar effect

can also be seen in the form of the squint in the wide-slot radia-

tion characteristics in this plane). These asymmetries in the field

feeding the patches lead to asymmetries in the radiated fields.

Examining the equivalent H-plane results [Fig. 8(c) and (d)]

shows that, as would be expected, the plots are symmetrical due

to the fact that the antennas are also symmetrical in this plane.

Both antennas show a broad, relatively consistent beam-width

across the frequency range. It should be noted that, as in the

E-plane, the wide-slot antenna shows a flatter response across

frequency and angular ranges, the beam width of the patch be-

coming narrower at higher frequencies.

C. Pulse Duration

For radar-based breast cancer detection it is important that

pulses produced by the antenna (or in this case synthesised from

a frequency sweep) are as short as possible with minimal late-

time ringing [12]. Therefore pulse duration is a good indication

of the ability of the antenna to effectively transmit UWB signals

into the medium. To test this the measured frequency domain

data for the transmission between two antenna elements was

obtained from the VNA. Pulses were then synthesized by ap-

plying a pulse template to this transfer function. Some exam-

ples of received pulses can be seen in Fig. 9, while a detailed

description of the time and frequency domain responses of the

template pulse can be seen in [30].

The time taken for 99% of the energy of these pulses to

be received was then calculated. This process was carried out

in the E and H-planes at an angular resolution of 15 from

to and results are presented in Fig. 10. Pulse

durations for the E-plane [Fig. 10(a)] show that, as in the

plots, there is an asymmetry present for both antennas.

The performance of the wide-slot shows in general that the

pulses produced by this antenna are shorter and there is far

less variation with angle (0.8–0.9 ns) than those produced by

the patch (0.75–1.45 ns). This can be seen in the example

pulses (Fig. 9) where there is little difference at bore-sight but

at there is significantly more late-time ringing in the

pulse produced by the patch.

Examining the equivalent H-plane data [Fig. 10(b)] shows

that the wide-slot antenna maintains a pulse width of just above

0.8 ns in the range of , this rises to a value of 0.97 ns

at the angular extremes. The patch antenna shows a margin-

ally better performance than the wide-slot between the angles

, with a pulse duration of just below 0.8 ns. Beyond

these angles the length of the pulses increases to 0.98 ns at

and 1.07 ns at . This difference is illus-

trated in Fig. 9 where, although not as marked as in the E-plane

there is still evidence of late-time ringing. The difference in the

performance of the two antennas is the result of the poorer trans-

mission properties of the patch antenna at high angular values
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Fig. 11. Comparison of measured fidelities: (a) E-plane, (b) H-plane.

[Fig. 8(d)] when compared to the equivalent transmission char-

acteristics for the wide-slot [Fig. 8(c)] which are much more

similar to those at bore-sight.

D. Fidelity

In order to study the level of distortion in the radiated pulses

the fidelity of the signals was computed at the same points for

which pulse duration was found. The fidelity is the maximum

magnitude of the cross correlation between the normalized ob-

served response and an ideal response [28] which in this case is

the signal radiated at bore-sight. The fidelity, F, is given by

(4)

The fidelity parameter, F, is the maximum of the cross-corre-

lation function and compares only shapes of both waveforms, not

amplitudes. The calculated fidelity for the antennas in the E-plane

can be seen in Fig. 11(a). The asymmetry noted previously can

again be seen in both sets of results. The fidelity of the signals

transmitted by the wide-slot antenna is excellent and fidelity re-

mains above 95% for the entire angular range. Near bore-sight

the performance of the patch is good, however beyond angles of

the fidelity drops dramatically. This distortion is due to

the irregularities seen in the transfer function data and borne out

in the pulse duration measurements. The distortion at larger an-

gles can be seen in Fig. 9 when the pulses at are compared.

The wide-slot antenna reproduces the signal at bore-sight with

reasonable accuracy at this angle whereas the pulse produced

by the patch shows significant distortion.

For the H-plane [Fig. 11(b)] both antennas perform well, with

the fidelity remaining above 90% for almost the entire angular

range; the fidelity of signals radiated from the wide-slot never

dropping below 98%. Once again the stacked patch performance

degrades at high angles. This drop in performance can also be

related back to the transfer function data and is most likely due

to the rapid drop off seen in the signal content at higher frequen-

cies, subsequent ringing (seen in the lengthening pulse duration)

and signal distortion that occurs at these higher angles.

IV. RADAR DETECTION EXPERIMENT

A numerical experiment has been conducted to demonstrate

the suitability of the wide-slot antenna for the imaging appli-

cation. The experiment consists of transmitting a UWB pulse

into a numerical breast phantom to locate a tumor-like inclu-

sion. The FDTD experimental setup uses the same excitation ar-

rangement, boundary conditions and is based on the same mesh

structure as the simulations used to obtain the antenna’s S-pa-

rameters. Two antennas are spaced 65 mm apart. Antenna 1 ra-

diates a pulse and reflected signals are received by Antenna 2.

The dielectric properties of the numerical phantom are ( ,

). A 5 mm diameter spherical inclusion is positioned in

the phantom. The relative permittivity of the inclusion is set at

50 giving a contrast of 5:1 with the background medium, similar

to the contrast that might be seen between a tumor and adipose

breast tissue [9]. The position of the inclusion is varied between

, at 10 intervals, along an arc located mid-way be-

tween the two antennas as shown in Fig. 12.

The simulated coupling between the antenna elements is

around 60 to 80 dB. In the detection system the coupling be-

tween antennas is obviously dependent on their location in the

array. However this issue is not critical as any signals directly

coupling between antennas are removed prior to the signal

analysis by calibration. For details of the calibration process

and more information on the coupling between elements in a

previous prototype of the array see [30].

As the signal received at Antenna 2 contains reflections and

coupling between the antennas, as well as the response from

the inclusion, a calibration is performed to remove these un-

wanted signals. The calibration signal is obtained by running

simulation without an inclusion present. This background signal

is subtracted from the signal that is received with the inclusion

present, leaving only the response from the target, allowing the

effect of the antenna to be clearly seen.

As the path length is the same for each inclusion, waveforms

from the different inclusion positions, normalized to their max-

imum value, can be added coherently to produce an aggregate

pulse that summarizes the antenna performance over the entire
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Fig. 12. Schematic of the (a) y-z plane and (b) the y-x plane of the FDTD model used in the radar detection experiments (all dimensions in mm).

Fig. 13. Integrated spatial energy on a radial path outwards from the centre of
the inclusion arc.

angular range. Squaring and then integrating this pulse over a

sliding window corresponding to the transmit pulse width yields

an energy curve that can be calibrated to show the radial dis-

tance of the inclusion from the centre of the arc Fig. 13 The

curve should peak at the true position of 5 cm.

The results of this analysis show that the energy distribution

for the wide-slot response has a single peak exactly centred at

the radial location of the inclusion. The peak has a width-at-

half-height of just over 15.6 mm, allowing the position of the

inclusion to be easily identified. In comparison the energy dis-

tribution produced by the patch response is much more diffuse

with a lower, less well-defined peak and a width-at-half-height

of 26.3 mm, nearly twice that of the slot antenna. This is a result

of the increased distortion and dispersion of pulses produced by

the stacked patch at angles away from boresight. From these

results it can be concluded that the wide-slot would be a good

candidate for use in a radar-based breast imaging system.

V. CONCLUSION

A wide-slot antenna intended for use in a UWB antenna array

for breast cancer detection system has been presented and com-

pared to a stacked patch antenna that was previously designed

for the same application. Return loss measurements showed that

both antennas had suitable bandwidths for use in a UWB detec-

tion system and good agreement was found between simulated

and measured results for the wide-slot antenna. On examina-

tion of the transmission properties it was found that, while the

stacked patch performed well at angles close to bore-sight, at

wider angles of illumination (which are very important in this

application) the transfer function showed significant degrada-

tion which manifested itself as significant late-time ringing and

distortion of transmitted signals. This was especially notable in

the E-plane.

The wide-slot antenna performed well over the entire angular/

frequency range and faithfully radiated pulses at angles up to

60 away from bore-sight. This was confirmed by results from

a simple radar detection experiment that showed that the wide

slot performed well in breast imaging scenario. This, along with

the fact that the antenna is approximately half the size of existing

antenna designs, suggests that it is an excellent candidate for use

in a UWB radar breast cancer detection system
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