I. INTRODUCTION

IGH-FREQUENCY & 50 MHz) ultrasound imaging is
H an excellent tool for small animal studies aimdvitro
biological microscopy [1] providing high-resolution real-time
imaging. However, its clinical use is limited (primarily to oc-
ular imaging) due to technology limitations on element size,
spacing, and signal transduction in traditional ultrasound imag-
ing. The optical detection of ultrasound is an alternative to the
traditional piezoelectric technology with unique advantages for
high-frequency arrays.

1) Element size in the range of 10-10fn can be realized
using optical microresonators with suf cient sensitivity.

2) Unlike piezoelectric detectors, the noise in optical detec-
tion does not directly depend on the detector size. More-
over, the SNR can be increased by increasing the power
of the input optical probing.

Manuscript received September 6, 2007; revised November 20, 2007.
This work was supported by the NIH under Grant EB0O04933-01 and Grant
EB007619-01A1.

A. Maxwell, T. Ling, and L. J. Guo are with the Department of Electri-



196

While the potential bene ts of the PROUD technology are[3]
highly attractive for the development of miniaturized ultrasound
probes for high-resolution imaging, there are still signi cant
challenges ahead. Reducing the size of the microring is essent
tial for moving this technology toward applications. The bene t
of it is twofold. From the acoustic aspect, it will result in higher[5]
operating frequency since the angular response can broaden
and element density can increase. Typically, phased array ul-
trasound imaging probe requires an element size of half tr:fe]
acoustic wavelength. For example, to operate at a center frg}
quency of 50 MHz, elements size should be reduced tprh5
Smaller rings would also increase the number of elements that
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each microring increases linearly with decreasing size. The ma-
jor limitation on microring size reduction is optical loss due to
high curvature (bending loss). To resolve this issue, we plan {o]
design microrings operating in the visible range. Shorter Wav%]
length and better optical properties of polymers in the visible
range would allow forming high-quality resonators with size in
the order of 10-2um. [11]

A second limitation of the current technique is the lack of
ultrasound transmitter elements. Recently, our group presente)
signi cant improvements in thermoacoustic methods of laser
ultrasound generation [11], [12]. These methods could be inte-
grated on a planar optical chip with a microring receiver array
to form a complete ultrasound imaging probe.

VII. CONCLUSION

A new ultrasound sensor platform, PROUD, is presented.
Polymers combine good optical properties and relatively high
compressibility that make them an optimal choice for the
PROUD. Experimentally, we have shown that the polymer-
microring-based ultrasound receivers have high sensitivity,
broad angular response, and high-frequency response. In ad-
dition, optical multiplexing allows a single waveguide to be
used for probing a linear array of elements. We intend to fur-
ther develop the technology for miniaturized high-frequency
ultrasound imagers optimized for minimally invasive medical
imaging applications. In principle, a complete linear array of
64 elements working at 50 MHz can be designed to t in a
volume of 0.1x 0.1x 1 mm. Such a device compaction would
allow development of new clinical applications that will greatly
enhance diagnostic capabilities of physicians. For example, in
intravascular imaging, the imager could explore much smaller
arteries and provide access to almost occluded sites. Another
example is a “smart needle” where an imaging head is inte-
grated into a small diameter biopsy needle. This would allow
for on-site, real-time, high-resolution imaging. In many cases,
this would form an alternative to biopsy. In others, it will guide
the biopsy procedure for enhanced accuracy and sensitivity.
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