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Subwavelength resolution in a transmission acoustic microscope
configuration using fiber-tip sensors
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Subwavelength resolution in a transmission acoustic microscope configuration is demonstrated
using optical fiber-tip sensors as small-sized acoustic probes. A slit with a width of 1/20 of the
acoustic wavelengtlA representing the object was detected with a lateral resolution of the outer
fiber diameter which was=1/10 A, and with a proper signal-to-noise ratio. Fiber preparation
techniques may raise the resolution to the fiber core dimensions, and simultaneous detection of an
acoustic and an optical image is proposed. 1899 American Institute of Physics.
[S0003-695(199)00937-1

Since the successful technical implementation of theacoustic microscopy technique is the investigation of elastic
near-field scanning optical microscop@SOM) in the  properties in solids, for example, the detection of imperfec-
1980s, the improvement of the resolution and its extension ttions, cracks, or other local disturbances. For the first experi-
the subwavelength region using small detection probes haveental test, however, a simple and variable object was
led to a wide range of new applications in microscopy. In theneeded and a slit was formed by two brass plates 0.5 mm
field of acoustics and ultrasound, ultrasonic force microsthick (Fig. 1), which had been put on a polystyrene slab with
copy allows the investigation of elastic properties on the naa very thin water layer in between to ensure acoustical con-
nometer scalé? Particular applications such as the investi-tact. The slab, 25 mm in diameter, represented the matrix
gation of boné or WOOCf require' however, On|y a medium material to be investigated. The bottom side was connected
resolution in the range betweenum and 1 mm. A conven- [0 @ broadband piezoelectric transdu@@7—-3 MHz, active
tional scanning acoustic microscope will generally be cadiameter 24 mmvia a thin water layer. The transducer was
pable of meeting these requirementgfrequencies between excited with tone bursts of a fixed frequency.4 MHz,

100 MHz and 1 GHz are applied. In porous media, howeverdcoustic wavelength in watet=1.1mm. The burst dura-

the sound absorption causes dramatic signal losses in thi@" Of six oscillations was chosen with respect to the length
frequency range and the necessary reduction of the ultr2§ the slab(18 mm to separate the direct signal from rear
sound frequency below 1 MHz limits the resolving power of re'flect|0.ns |n§|de the slab. The acoustic 'fleld was detected
the device to more than 1 mm. The investigation with anW'th a fiber-tip sensor'coupled tq the object using a \{vater
ultrasonic probe detector of subwavelength dimensions(,jmp' T_he sensor consisted of a sm_gle-m_ode_ fiber tip with an
therefore, seems to be an attractive alternative to conveno—mer qhameter Of 12%m, coated W'.th a titanium layer 200
tional techniques. nm thick. The light of a laser diodeN&674nm) was

As in the case of the NSOM, a suitable small detector c)rcoupled into the fiber and reflected at the coating. Due to the

o ) . coustic interaction, the fiber front facet was moved and the
emitter is the key element of the technique. Recently, tips o ! .

. . . . resulting phase change of the reflected light was measured
optical fibers coated with optical layers have turned out to b

it . ith | acti d medi ith a heterodyne interferometéhe sensor, except for the
ultrasonic Sensors with a small active area and medium pre%-p’ was buried in silicone which forms the top boundary of
sure sensitivity. In this letter, subwavelength resolution in a

transmission acoustic microscope configuration is presented

using a fiber tip as the detection probe. A perpendicularly cut
single-mode fiber was coated with a titanium layer forming

an optical mirror, and the displacement of the tip due to the
interaction with the sound field was measured using an inter-
ferometer. A slit representing the object with a width of

about 1/20 of the acoustic wavelength could be identified

with a proper signal-to-noise ratio. The spatial resolution was <
limited to the outer diameter of the fib€t25 um) because

of edge waves generated at the rim of the fiber. However,

—» |Interferomete!

some possibilities are suggested that may raise the resolution Transducer
to the fiber core dimensions, which are several microns in the
case of single-mode devices. Rl R ]
The main range of application of the proposed near-field AMP FGen
FIG. 1. Experimental setup of the transmission microscope configuration;
¥Electronic mail: christian.koch@ptb.de f-Gen: function generator; AMP: amplifier.
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FIG. 2. Measured pressure amplitude of the sound wave transmitted througfiG. 3. Measured pressure amplitude of the sound wave transmitted through
a slit 0.2 mm wide vs distance in the scanning direction dependent on tha slit 50 um wide.
sensor—object distanakg.

into the free half space without obstacle are reflected at the

) . o object and, thus, also contribute to the measurement signal.
the coupling water drop. Since the acoustic impedance of thepe smajler the distance between object and sensor the more

silicone was nearly matched to water, rear reflections andyfective is this waveguide effect. Furthermore, the sensor
standing waves inside the water drop were avoided. front face and the interface between polystyrene slab and
In this very early experiment the adjustment of the SeNyyater at the bottom of the slit form a cavity, and a weak
sor and the lateral scan perpendicular to the slit were Ca”iegtanding wave may occur which gets out of phase when
out by hand-driven translation stages. The distance betwegg changed. Therefore, edge waves, waveguide, and reso-
the sensor and the object, which is very critical with respechgnce effects seem to be the reason for both, the reduced
to the resolving power of the devieyas determined by @ |ateral resolution and the stronger dependence of the resolu-
stereo microscope with a reticle in the eyepiece. By this techijon on d,.
nique an accuracy of only about 30m was achieved which Several possibilities can be suggested to overcome these
was, however, sufficient for the first experiment. Distanceypyious limitations of the near-field acoustic microscope
regulation systems known from NSOWRef. 9 can be ap-  technique described. If the sensor characteristic is completely
plied in a more developed version of the acoustic microscopgnown, it seems to be possible to reconstruct the true object
and a significant improvement of distance accuracy is to b@y numerical deconvolution. Unfortunately, the determina-
expected. tion of the complex-valued sensor transfer function turned
The heterodyne interferometer yields an output signabyt to be very difficult’ and another way using specially
which is proportional to the sound pressure of the tongyrepared sensor tips seems to be more promising. If the sen-
burst’ After acquiring the time-dependent interferometersor tip is buried into a fused silica matrix, the outer diameter
output, the amplitude of the burst was determined using &f the sensor slab can exceed the scan range and no edge will
fast Fourier transform, taking the scalloping losses of theyrrive in front of the object. As to the opposite alternative,
Hamming window used into accoutftThe pressure ampli- the fiber tip is first tapered and then coated by the reflection
tude obtained for the sound field transmitted through a slitayer and a small-sized sensor tip is provided.
0.2 mm wide is depicted in Fig. 2 versus the scan distance  For the heterodyne interferometer measurement, it is not
The slit is well reconstructed if the distance between thenecessary to have a high-reflection coating on the tip. A
sensor and the objedto is about 50um and the full width  partly reflecting layer system allows the optical illumination
of half maximum (FWHM) of the pressure distribution is of the object during the acoustic measurement. Since the dc
310 um. If the sensor is displaced 2Qdm from the object, part of the detected photocurrent then contains information
the resolution decreases significantly (FWH®IB0um), about the optical reflectivity of the object while the acoustic
althoughdsg is still of the order of the sensor diameter and asignal is wrapped in the rf part, an opticahd an acoustic
weaker dependence of the resolutionchg, was expectel.  image may be obtained at the same time. This opens up the
After further increase in the sensor distance, the contragiombination of the near-field acoustic microscope proposed
of the pressure distribution almost disappearsin this letter with a conventional scanning microscope or, in

(FWHM=770um). particular, with a NSOM, where tapered fiber tips are already
The highest resolution of 3160m in terms of the FWHM  used as favorable probes.
obtained during the scan of the slit 0.2 mm wide was signifi-  In conclusion, the subwavelength resolution in a trans-

cantly higher than the slit width. To test the resolving powermission acoustic microscope configuration was demonstrated
of the microscope, a slit 5@m wide, narrower than the outer using a coated optical fiber tip as an acoustic probe. A slit
fiber diameter, was investigatédig. 3. The FWHM of the  with a width of 1/20 of the acoustic wavelength was recon-

pressure scan distribution was 1@n in this experiment. structed with a proper signal-to-noise ratio. The lateral reso-
This value is approximately equal to the sum of the objeciution, which is limited by the outer diameter of the fiber, can

width and the outer diameter of the fiber. This leads to thébe improved by preparation of special probes. Using partly
assumption that edge waves generated at the outer boundagflecting layers on the fiber tip allows an acoustic and an
of the fiber limit the resolution. When the outer fiber edgeoptical image to be obtained simultaneously. The combina-
arrives at the object slit, it acts as a source(sdcondary tion of the near-field acoustic microscope proposed in this
sound waves that propagate to the fiber center where they aletter with a conventional scanning microscope or, in particu-

detected. Part of the edge waves that would be distributethr, with a NSOM, may open up new fields of application.
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