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Abstract— A 4x4 planar ultra-wideband (UWB) which had the largest bandwidth. Figures 3(a) and 3(b)

antenna array with a matching layer to breast skin show the simulation results of S;; and Sy, versus frequency
and fat was developed for radar-based breast cancer as a parameter of matching layer thickness. The thickness t
detection system. The antenna array with the of 0.25 mm was chosen, which had the largest bandwidth.
matching layer with a thickness of 0.25 mm and Figure 4 shows the antenna transmission gain of the
dielectric constant of 2.0 could improve the spatial antenna with and without matching layer as a function of
resolution of two separate 5-mm-diameter spherical frequency. The antenna transmission gain increased +5.4
tumor phantoms, which were located at the depth of dB at 6 GHz with the matching layer.
22 mm with the spacing of 8 mm. 0615 mm o2
t Ematching layer
1. Introduction Skin 5n = 33.2@6 GHz l 2mm
X-Ray mammography is currently the most common f
technique used in breast cancer screening. It employs 20mm
ionizing radiation and requires uncomfortable compression
of the breast during the examination. These limitations of Breast fat QU
mammography have resulted in research into alternative Fig. 1. Schematic cross-section of breast phantom structure.

methods for imaging breast cancer. It has been reported
that the permittivity and conductivity of breast cancer
tissues were higher than that of normal breast tissue [1] so
that radar-based breast cancer detection systems using
ultra-wide-band (UWB) signals have been developed.
UWB technologies have been applied to short range
communication technology which transmits and receives
the signals in the form of very short pulses such as
Gaussian monocycle pulses (GMP) [2, 3]. In order to ()
develop a handheld screening system, we have proposed a  Fig. 2. Influence of permittivity of the matching layer on S-
compact mobile system in the supine position for breast ~Parameters. (a) Reflection coefficient (Sy;) versus frequency. (b)
cancer detection [4-8], in which generation and Transmission coefficient (Sy;) versus frequency.
transmission of GMP signals have been achieved by
complementary metal oxide semiconductor integrated
circuits (CMOS-IC) [9, 10].

In this paper, the confocal imaging technique using
UWB antenna array was developed and the effects of
matching layer and UWB antenna array configuration on
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the spatial resolution of breast cancer detection were Frequency [GHz] Frequency [GHZ]
investigated. (@) (b)

] ] ] Fig. 3. Influence of the thicknesses of the matching layer.
2. Effect of Matching Layer and Array Configuration (a) Sy1 versus frequency. (b) S,; veresus frequency.

The center frequency of the transmitted Gaussian
monocycle pulse was 6 GHz. The antenna consists of a
square slot in a ground plane on one side of a Duroid RT
6010LM substrate with a relative permittivity of 10.2.
Figure 1 shows the schematic cross-section of a breast
phantom structure. Figures 2(a) and 2(b) show the
simulation results of reflection coefficient (Sy;) and

— without matching layer
—— with matching layer
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transmission coefficient (S,;) versus frequency as a Frequency [GHz]
pargmeter (_)f the_permlttIVIty of the matching layer. The Fig. 4. Calculated antenna gains with and without matching
optimum dielectric constant €maching 1ayer OF 2 Was chosen, layer as a function of the frequency.
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Figures 5(a), 5(b) and 5(c) show the antenna array
configuration, in which isolation and aperture size were
changed. 5-mm-diameter spherical tumor phantoms with a
relative permittivity of 47 at 6 GHz were embedded at the
depth of 22 mm. Figure 6 shows frequency spectra of
subtracted waveforms of received GMP with and without
tumor phantoms. The amplitude of the tumor response was
improved approximately twice by use of matching layer.
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Fig. 5. Antenna array configuration. (a) No isolation. (b) 1
mm isolation slit. (c) 6 mm isolation slit.
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Fig. 6. Effect of matching layer on frequency spectra of
Gaussian monocycle pulse subtracted waveform.

Figures 7(a), 7(b), 7(c), 7(d), 7(e), and 7(f) show spatial
resolution of confocal imaging of 5-mm-diameter
spherical tumor phantoms with the separation distance of
8 mm. Two separate breast tumors with the separation
distance of 8 mm were resolved by use of 6 mm isolation
slit and the energy of the tumor response was five times
greater by use matching layer as shown in Figs. 7(g) and
7(h).

3. Conclusions

Effects of matching layer and isolation of 4x4 planar
antenna arrays on the bandwidth and gain of the antenna
were investigated for breast cancer detection. Antenna
transmission gain was improved +5.4 dB at 6 GHz by use
of the matching layer with a thickness of 0.25 mm and the
dielectric constant of 2.0. Two separate breast tumor
phantoms having the 5-mm-diameter spherical tumors
with the separation distance of 8 mm were resolved by
use of 6 mm isolation slit antenna array with the matching
layer.
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Fig. 7. Spatial resolution of confocal images of 5-mm-diameter
spherical tumor phantoms with the separation distance of 8 mm.
(a) 2D image without array isolation. (b) 3D image without array
isolation. (c) 2D image with 1 mm isolation slit. (d) 3D image
with 1 mm isolation slit. () 2D image with 6 mm isolation slit. (f)
3D image with 6 mm isolation slit. (g) 2D image with both 6 mm
isolation slit and matching layer. (h) 3D image with both 6 mm
isolation slit and matching layer.
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