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AN ACOUSTIC MICROPROBE
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Department of Ultrasonics, IFTR, Polish Academy of Sciences
(00-049 Warszawa, ul. Swigtokrzyska 21)

In the paper the structure of an acoustic microprobe has been presented of which the
resolution does not depend on the receiving transducer dimensions. With this microprobe
the acoustic pressure amplitude can be measured with the resolution below the wave length
in liquid media and at the surface of solids, in the frequency range from 30 to 40 MHz. The
method of finding the resolving power of the microprobe by measuring the response
function for a point source has been described.

Resolution of the microprobe has been estimated as better than 25 pm what is about
1/2 of the wave length in water and 1/7 of the longitudinal wave length in such materials as
aluminium or glass.

The directional response pattern which is necessary for taking measurements at the
non-planar surfaces of solids, has been found.

The possibility of applying the microprobe to measuring the pressure amplitude
distribution at the surface of lenses used in acoustic microscopy has been demonstrated.

W pracy przedstawiona zostala budowa sondy akustycznej, ktorej rozdzielczo$é nie
zalezy od rozmiaréw przetwornika odbiorczego, umozliwiajacej wykonywanie pomiarow
amplitudy ci$nienia akustycznego z rozdzelczoscia ponizej dlugosci fali w osrodkach
cieklych i na powierzchni cial statlych w granicach czgstotliwosci 30 do 40 MHz. Opisana
zostala metoda znajdowania rozdzielczosci mikrosondy poprzez znalezienie funkcji od-
powiedzi sondy na zrodlo punktowe.

Rozdzielczos¢ mikrosondy oszacowana zostala na lepsza od 25 pm co stanowi ok. 1/2
dlugosci fali w wodzie i ok. 1/7 dlugosci fali podiuznej w takich materiatach jak aluminium,
szklo.

Znaleziona zostala charakterystyka kierunkowa sondy niezbgdna do uwzgledniania
przy prowadzeniu pomiaréw na nieplaskich powierzchniach cial stalych.

Pokazana zostala mozliwo$¢ zastosowania mikrosondy do okre§lania rozkladu
amplitudy ci$nienia na powierzchniach soczewek uzywanych w mikroskopii akustycznej.

1. Introduction

Measurements of pressure distribution of the ultrasound field, for the field shape
to be exactly reconstructed, should be carried out with the resolution of at least 1/2.
In the case of the measurements in liquids, when conventional methods are applied
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(e.g. hydrophones), this becomes practically impossible for the frequencies over
10 MHz. For the measurements of pressure distribution (vibration amplitudes) at the
surfaces of solids the holographic method [1] seems ideal. It needs, however, a large
power ultrasound field.

There exists a possibility of constructing a very sensitive acoustic probe of which
the resolving power would not be determined by the dimensions of the piezoelectric
receiving transducer.

In 1980 W. DURR, D. A. SINCLAIR and E. A. AsH proposed a method for
measuring the acoustic pressure in a liquid and obtained the resolution of A/4 for the
frequency 4.5 MHz. The similar concept of measurement has been applied in the
spike-type acoustic microprobe constructed by me (Fig. 1). Such microprobe would
make it possible to measure the acoustic pressure distribution with the resolution of
4/2 in fluid media and at the surface of solids in the frequency range from 30 to 40
MHz (This corresponds to the wave lengths of 40-50 pm in water and to the
longitudinal wave length equal to about 170 pm in such materials as glass and
aluminium).

2. Structure of the spike-type acoustic probe

The scheme of the probe is shown in the Fig. 1. It consists of an aluminium
cone-shaped spike, with the lithium iodate transducer, operating at resonance
frequency of 36 MHz, glued to its base. The spike end is spherically shaped, with
radius estimated at 40 pm (measured with the microscopy, by comparison).

The vertical angle of the cone equals @ = 40°. The ultrasound wave falling on
the spike parallelly to its symmetry axis is totally reflected from the side (the angle of
total internal reflection of the longitudinal wave on the boundary H,0-Al is 13.5°).
Only the spike end transmits the acoustic signal to the susface of the transducer.

From geometrical estimations it follows that only the region with perimeter of
about 18 pm is active. As it will occur further this magnitude is close to the
microprobe resolution.
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FiG. 1. A schematic diagram of the acoustic microprobe
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The spherical shape of the spike end limits its active region on one hand, and
allows for better measurement accuracy for non-axially falling waves on the other.
These features are indispensable for the measurements of pressure distribution at
non-planar surfaces of solids.

3. Measurements of the resolving power of the microprobe

To determine the resolving power of the microprobe the following method has
been applied. As it is most generally known the image of an object (u) can be
expressed as a convolution of an object function (u,) and a response function for
a point source (image of a point) (h)

u(x. y)=u,(x, ) @h(x,y). ()

If the function h(x, y) could be found then it would be possible to calculate the
resolving power of the system from this function.

As the imaged object the pressure distribution in the focal plane of a lens used in
acoustic microscopy has been used. This kind of distribution is described by the
function type J, (x)/x [3].

In the calculations I have assumed that the object function is equal to the
function describing the theoretical distribution. Actually, this function differs from
its theoretical description what implies that the value of resolution, found in this
way, can only be smaller than the real resolution.

The theoretical pressure distribution in the focal plane has been approximated
with the Gauss function

T et (2)

This results in considerable simplifications in calculations and have negligible
influence on the obtained resolving power of the probe.

The value of b in (2) has been chosen so that the Gauss function would assume
the value 1/e ~ 0.368 for the same value of the coordinate (x? + y?)!/? for which the
function which describes the theoretical pressure distribution in the focal plane is
also equal to 1/e. The b value found in this way is

A
b =082 7
where f — focal length, d — lens diameter and 4 — wave length in water, equal to
38 um for the frequency 40 MHz.

Analogically, the measured pressure distribution is approximated with the
Gauss function

U= =y, 3)

where the value of a shoud be found from measurements.
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To find the function h(x, y), the functions (2) and (3) were substituted to (1) and
then both sides of (1) were subjected to Fourier transform. Taking advantage of the
fact that the Fourier transform of the convolution of two functions is equal to the
product of the Fourier transforms of these functions and of the fact that the Fourier
transform of the Gauss function is also the Gauss function (3), the Fourier transform
of the function h(x, y) can be found in a simple way and the function itself can be
calculated with the inverse transform

2
hix, ) = 73

= (xl +y2)(a2 —b2)
pe g 1 i )

With the use of the Rayleigh criterion of resolution, from the impulse response
function h(x, y) the resolving power of the probe  can be found. This resolving
power should be equal to the diameter of a circle on which the function h assumes
the value equal to 0.81 of the value of this function in the point (x =0, y=0). The
resolution found in this way equals the resolution denoted as the value of coordinate
(x2 + y?)¥'2 for which the function h would assume the value zero for the first time, if
the calculations for the distribution of type J, (x)/x were used instead of the Gauss
function.

5 = 0.92(a>—b?)'2. (5)

To find the numerical values of the resolving power, the pressure distribution in
the lens focus has been found with the use of the microprobe. In the measurement the
system of an acoustic microscope working at the frequency of 40 MHz and at the
impulse length 0.5 ps [4] was used. The investigated object (lens) has been connected
to the emitting system. The signals received by the microprobe were transmitted to
the receiving system of the microscope. Between the lens and the probe there was
water. After finding the lens focus the microprobe has been shifted in the focal plane
with the mechanical shifting system of the microscope, and the received signal has
been recorded with the XY plotter.

_:g 101_
g |
|

] |
g 16um
c J6pm
25 |
S noar sy |

I | |
2 1 | |

! I
5’ ! l I
S | | |
E a 0 a (P + yz)r/z

FiG. 2. Distribution of the pressure amplitude in the focal plane of an acoustic microscope lens, measured
with the microprobe. Lens dimensions: radius of curvature 3.1 mm, half-angle «/2 = 50°. The lens radiates
into water with the frequency 40 MHz
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The value of a found from Fig. 2 has been substituted to Eq. (5), what resulted in
finding the resolving power of the microprobe to be equal about 25 pum.

In the measurements at the surfaces of solids the liquid is applied to wet the
surface (e.g. oil). The measurements are carried out at the moment when the probe
touches the surface or when it is just above the surface (about 5 pm). In both cases
due to the application of a liquid coupling medium, the resolution of the microprobe
should be comparable with the one found for the measurements in liquid.

4. The directional response pattern of the microprobe

The measurements of the relation of the signal received from the microprobe to
the angle of incidence of the wave on the spike have been carried out. Measurements
were always made in the same point of the surface relatively to the transducer which
emitted the wave. The results are shown in Fig. 3, together with the theoretically
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FiG. 3. Directional response pattern of the microprobe: measured points (o) and calculated from Eq. (6)

(x)

calculated directional response pattern of the microprobe. Dimensions of the active
surface of the probe are about 0.12 4 (A — wave length in the material of the probe).
Therefore, in the investigations of the relation of the signal from the probe to the
incidence angle of the measured wave, the results obtained in the paper [5] can be
applied. These results concerned the directionality of the longitudinal wave source,
with dimensions not greater than the wave length radiating into an elastic semispace.
They enable to describe the directional response pattern of the microprobe by the
following formula

v? cosf (1 —2v*sin? 0)
1 —2v?sin? )+ 4v*sin?Ocos 0 (1 — vZsin? 6)'/%’

where v? = (cp/c;)?, and ¢, ¢, are the velocities of the transverse and longitudinal
waves, respectively.

b(0) = ( (6)

4 — Arch. of Acoust. 1-2/88
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The calculated directional characteristic is presented in Fig. 3. The similar,
cosinusoidal relation of both curves to the angle supports the statement that the
active spike of the probe can be considered as a nearly point-type source which
radiates into an elastic semispace.

For growing angles 0 the experimental curve departs more and more from the
directional response pattern of a source. It seems that this is caused by the fact that
the values resulting from the directional characteristic for the given angle 0 are
greater than the pressure in the transducer plane, averaged by the transducer. The
spike end radiates into the cone-shaped region rather than into a semispace, what
also influences the above mentioned discrepancies.

5. Measuring capability of the microprobe

When defining the resolving power of the probe its measuring performance in
fluids was also presented. The below described examples prove the possibility of
pressure amplitude measurements at flat and spherical surfaces of solids.

The measurements at the surface of a glass cylinder with an ultrasound
transducer glued on have been carried out. ‘

In the Fig. 4 the influence of the connection of an electrode on the operation of
the transducer is clearly seen.

With the use of the experimental results (Fig. 3) the correction factor which
compensates for the influence of the directionality of the probe (Fig. 5) has been
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electrode connection

FiG. 4. Pressure amplitude distribution measured with the microprobe at a flat surface of a glass plate of

thickness 20 mm. On the other side of the plate a piezoelectric transducer have been glued on. In the figure

the position of the transducer and the point of connection of the cable to the transducer is marked. In the

amplitude distribution the influence of the connection can be seen. The measurement was carried out at
frequency 36 MHz
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found. In the correction factor the influence of transverse waves emerging in the
spike has not been taken into account because generation of such waves hadn’t been
noticed in the measurements. The surface waves arising at the spike surface have
been damped by applying a wax layer on the spike. The measurement of pressure
amplitude distribution at the surface of spherical acoustic lenses used in acoustic
microscopy have also been carried out. It has been found that optimal signals were
obtained when the lens cap was filled with machine oil. Two lenses with different cap
position in the transducer field have been tested. The first, with diameter of 4.5 mm,
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FiG. 5. Plot of the correction coefficient of the microprobe found on the basis of the experimental curve
from Fig. 3, used to correct the results of measurements at non-planar surfaces
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Fi1G. 6. Distributions of pressure amplitudes at the surface of an acoustic microscope lens of curvature

radius 3.1 mm, measured for diverse lens positions in the transducer field: a) z — distance lens—transducer

= 042 d*/A, where d — transducer radius, 1 — wave length in the medium between the transducer and

the lens; b) z = 1.21 d%/4; c) z = 0.47 d*/4; d) z = 1.38 d*/4. Correction according to the plot from Fig.
5 has been applied
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was placed in the region between the near and far field (z ~ d?/2); the second with
diameter of 6 mm was in the middle of the near field (z = 1/2d%/4). By using the
capabilities of the electronical system of the microscope to change the operating
frequency within the range of 30-40 MHz it was possible to change the pressure
distribution at the lens surface [4]. The results obtained with the correction factor
taken into account are shown in Fig. 6.

6. Conclusions

The spike-type microprobe is capable of measuring pressure distributions in
liquids and at flat surfaces. In the case of experiments with non-flat surfaces the
necessity emerges of correcting the results according to the previously found
directional characteristic of the probe. The obtained resolving power of the probe
which is better than about 25 um provides for exact reproduction of wave pressure
distribution up to 40 MHz. There exists a possibility of applying the microprobe in
place of the receiving lens in the transmission acoustic microscope in forming the
microscopic images of surfaces or planar specimens irradiated by a plane wave
(analogically to the one-dimensional case, Fig. 4). In this second case it is necessary
first to obtain the image of the surface without the specimen to eliminate the
influence of the structure of the wave falling on the specimen.

Measuring distributions of pressure at the surface of lenses (Fig. 6) is a very
important application. With the use of the results of such measurements it is possible
to eliminate the defects of the focusing systems. In acoustic microscopy the
knowledge of pressure distribution at the lens surface enables to find the reflection
coefficient exactly (with the method ¥(z)) [6] and to investigate the oscillation of the
V(z) curve [4] as a function of amplitudes of component waves. ;

The microprobe gives also rise to the possibility of testing the quality of
transducers applied in acoustic microscopy (Fig. 5). Analogically, using a phase
detection system the phase distribution measurements as well as specimen visualiza-
tion can be carried out to obtain the fields of velocity or thickness distributions.
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