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Introduction

Ultrasonic imaging is one of the most important,
developing diagnostic tools today. State-of-the-art
ultrasonic scanners offer real-time gray scale images
of anatomical details with millimeter spatial resolu-
tion superimposed on which a map of Doppler blood
flow information is displayed in full color [1–4].
Clinical applications of these devices are still expand-
ing and the operating frequencies of these devices
are seeming to inch higher and higher. High fre-
quency (HF) imaging (higher than 30 MHz) yields
improved spatial resolution at the expense of a
shallower depth of penetration [3,5,6]. Conventional

ultrasonic imaging systems typically use frequen-
cies from 2 to 15 MHz. To improve spatial resolu-
tion, one obvious strategy would be to increase
the frequency. The axial resolution is determined
by the pulse duration or the bandwidth of the pulse.
The lateral resolution at the focal point is determined
by the product of the f-number, defined as the ratio
of the focal distance to the spatial dimension of the
transducer, and the wavelength. For a fixed number
of cycles per pulse, an increase in frequency would
result in a reduction in wavelength and thus pulse
duration. As ultrasound frequency is increased to
50 MHz, an axial resolution and lateral resolution
of better than 20 and 100 μm for an f-number of
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2.9 can be achieved. The price to be paid is an
increase in attenuation because ultrasound attenu-
ation in tissues is approximately linearly proportional
to frequency [1–4]. At 50 MHz, the depth of pene-
tration for most tissues would be limited to 8–9mm.
There are a number of clinical problems that may
benefit from high frequency ultrasonic imaging [6].
Intravascular imaging with probes mounted on
catheter tips at frequencies higher than 20MHz with
the highest frequency being 60 MHz has been used
to characterize atherosclerotic plaque and to guide
stent placement and angioplastic procedures [7].
The medical efficacy of ultrasonic imaging has been
demonstrated in the anterior segments of the eye at
frequencies higher than 50 MHz in diagnosing glau-
coma, ocular tumors, and in assisting refractive sur-
gery [6]. The availability of a noninvasive imaging
tool for dermatological applications could reduce
the number of biopsies that are associated with pa-
tient discomfort and could better demarcate tumor
involvement. Small animal imaging is another frontier
of HF ultrasound. Small animal imaging has been
of intense interest recently because of the utiliza-
tion of such small animals as mice and zebrafish in
drug and gene therapy research. Micro magnetic
resonance imaging (mircoMRI), micro computed
tomography (microCT), optical coherent tomog-
raphy (OCT) and micro positron emission tomog-
raphy (microPET) have all been developed to meet
this need. Ultrasound thus far has only played a
limited role.

Ultrasonic Biomicroscope (UBM)

Almost all current HF ultrasound imaging devices,
dubbed ultrasound biomicroscopes (UBMs) [6] use
mechanically scanned single element transducers
which are either piezoelectric polymer PVDF or the
copolymer P(VDF-TrFE) based or lithum niobate
based [3,8,9]. The construction of a UBM is identi-
cal to that of a static B-mode scanner [3]. A block
diagram of such a system is shown in Fig. 1. The posi-
tional control of the transducer must have an accu-
racy of a few μm. The analog to digital converter
(ADC) typically has a sampling frequency higher than
200 MHz to more than 8 bits. UBMs have been used
to image anterior segments of the eye, skin and small
animals like mice and zebrafish. Fig. 2 shows two
UBM images of an excised eye obtained at 40 and
80 MHz. The improvement in spatial resolution and
image quality as the frequency is increased is appar-
ent. Figs 3 and 4 shows respectively the image of 
a mouse fetus and a zebrafish. Scanning can also be
achieved by better utilizing the focus of the trans-
ducer by incrementally moving the transducer in
the axial direction, called B-D (D stands for depth)
mode scan. A composite image is formed by comb-
ing the focused segments of multiple images ac-
quired as the transducer is moved in the axial
direction. This mode of scanning improves lateral
resolution by sacrificing frame rate. Commercial
UBMs can achieve a frame rate of 30 frames/second
because the excursion range is relatively small.
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Fig. 1. Block diagram of an ultrasonic biomicroscope (UBM) system.



This is still inadequate for imaging the hearts of
small animals like rats or mice which beat at a rate
of 4–6 beats/second, much faster than the typical
1–2 beats/second of the human heart rate. Mechan-
ical scanning of a single element transducer has

other drawbacks: poorer resolution and motion of
the probe. Single element transducers can only pro-
duce beams with a fixed focus which means the
spatial resolution of the device is best only within the
depth of focus, i.e. in a very tight zone and degrades
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Fig. 2. Ultrasonic biomicroscope (UBM) images of an excised eye at 40 and 80 MHz.
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Fig. 3. Ultrasonic biomicroscope (UBM) image of a pregnant mouse at 45 MHz.



rapidly beyond the focal point. Mechanical motion
of the transducer limits the frame rate, is unreliable,
and may cause discomfort and, at worst, may be
hazardous to the patient. These problems can be
overcome by adopting linear arrays.

There are almost a dozen manufacturers that
produce UBMs for eye, skin and small animal imag-
ing. Most notable for eye scanners are Quantel (US),
Sonomed (US), Paradigm (US), Innovative Imaging
(US), Ophthalmology Technology (Canada), and
Tomey (Japan). A majority of skin scanners including
Dynamic Imaging (UK), Longport (UK), and Cortex
Technology (Denmark) are located in Europe. At
present there is only one small animal scanner
manufacturer which is Visualsonics (Canada). Pre-
sumably the market is so small that the big three
GE, Siemens and Philips have not yet shown an
interest in entering it.

HF Array Imaging

The problems facing mechanical scanners may be
overcome by adopting either annular array or linear
array technology. HF annular arrays which allow
dynamic 2-D focusing are a partial solution to these
problems [9–12]. Since mechanical motion is still
involved for annular arrays, a better solution would
be to use linear arrays which generate an image by

electronically sweeping a beam [3,9,13–18]. Linear
ultrasonic array systems have significant advantages
over signal element and annular imaging systems
which require mechanical scanning to form an image
slice. Array systems use electronic scanning to form
an image slice and therefore can achieve higher
image frame rates. Also, the emitted sound beam
can be steered and dynamically focused in the image
plane. Finally, the lack of movable parts make these
arrays less likely to be hazardous to patients. There
are three major challenges in HF linear array fabri-
cation: small kerf (the gap between two elements)
width, large electrical impedance mismatch and in-
creased crosstalk. In order to minimize grating lobes,
typically in linear array and linear phased array 
design, the pitch that is the distance between the
centers of two elements must be less than 1λ and
0.5λ respectively [3,4]. This means that the pitch
must be less than 50 μm and 30 μm at 30 and
50 MHz. To insure good sensitivity in linear arrays,
the element size should be made as large as possible.
Therefore the kerf width should be made as small
as possible, making it very difficult if not impossible
to dice with current dicing machines. A confounding
factor is that unless a suitable kerf filler is found, the
crosstalk level will increase as a result of the smaller
kerf width. It should be noted here that in phased
arrays the element size should also be judiciously
chosen to assure a broad steering angle.
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Fig. 4. Ultrasonic biomicroscope (UBM) image of a zebrafish at 40 MHz.



Efforts are now underway to develop 20–50MHz
linear arrays [9,13–18]. Piezoelectric composites
have been used by Ritter et al [13], Michau et al
[14], Cannata et al [17] and Brown et al [18] in
their designs. A new technology that utilizes micro-
machined electromechanical system (MEMS) tech-
nology called cMUT (capacitive micromachined
ultrasonic transducer) appears to hold great prom-
ise [15,16]. Currently the pitch in HF linear array
designs is greater than 1λ and their performance is
not yet upon par with commercial linear arrays at
lower frequencies. This means that much improve-
ment in linear arrays in this frequency range can
still be made. Developing linear arrays to 50 MHz
or even higher frequencies and phased arrays at
30 MHz remains quite a challenge technically.

Linear arrays at 30–35 MHz that use 2-2 com-
posites have been developed and tested [13,17].
The pitches were from 2λ to 1.2λ. The matching
layers were prepared from 0–3 composites and
epoxy. A lens made from the plastic TPX was used
for elevation focusing. The arrays had a −6 d band-
width of 50–60%, an insertion loss of −25 dB and
an element-to-element crosstalk of less than −28 dB.
Both an analog and a digital HF imaging systems
consisting of 16 channels have been developed for
the purpose of assessing the performance of these
arrays [19]. An image of a mouse heart obtained 
in vivo is shown in Fig. 5. The lateral resolution is
poor in the far field due to the small aperture. The
frame rate however for this system is very high and
can approach 400 frames/second. These systems
are being expanded to 64 channels.

A commercial linear array based small animal
imaging system has been recently launched by
Visualsonics (Canada). The system which is more
expansive than most clinical scanners offers linear
arrays with center frequencies ranging from 15 to
50 MHz.

HF ultrasound because of its smaller wavelength
has been used to characterize cellular processes like
apoptosis [20] and lens hardness in the eye [21,22].
Both the attenuation and sound velocity have been
shown to be related to eye hardness. A potential
clinical application in the latter is to assist the 

surgery in determining ultrasonic energy level 
during phaco-surgery.

Conclusion

This review paper discusses recent developments
in HF ultrasonic imaging including transducers and
systems at frequencies higher than 30MHz. Potential
preclinical and clinical applications are addressed.
There is no reason not to believe that in the near
future HF imaging systems with a capability similar
to current clinical scanners will become more widely
available and their applications expanded into other
biomedical disciplines.
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