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Diffraction-free acoustic detection for optoacoustic
depth profiling of tissue using an optically transparent
polyvinylidene fluoride pressure transducer
operated in backward and forward mode
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Abstract. An optoacoustic detection method suitable for depth profil-
ing of optical absorption of layered or continuously varying tissue
structures is presented. Detection of thermoelastically induced pres-
sure transients allows reconstruction of optical properties of the
sample to a depth of several millimeters with a spatial resolution of 24
mm. Acoustic detection is performed using a specially designed piezo-
electric transducer, which is transparent for optical radiation. Thus,
ultrasonic signals can be recorded at the same position the tissue is
illuminated. Because the optoacoustical sound source is placed in the
pulsed-acoustic near field of the pressure sensor, signal distortions
commonly associated with acoustical diffraction are eliminated.
Therefore, the acoustic signals mimic exactly the depth profile of the
absorbed energy. This is illustrated by imaging the absorption profile
of a two-layered sample with different absorption coefficients, and of
a dye distribution while diffusing into a gelatin phantom. © 2005 Society
of Photo-Optical Instrumentation Engineers. [DOI: 10.1117/1.1891443]
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1 Introduction
In medicine, there is a need for noninvasive real-time moni-
toring of skin tissue, i.e., its layered structure, blood perfu-
sion, or pathological abnormalities. Besides, diffusion proper
ties of topically applied drugs are of major interest. Medical
optoacoustics~OA!, based on the generation of sound due to
absorption of light, combines the advantages of ultrasoun
and optics, and opens new perspectives in noninvasive diag
nostics and monitoring of subsurface tissue layers. Acoustica
waves are generated directly inside the tissue due to absor
tion of short laser pulses. Rapid local heating of the tissue
leads to a sudden pressure rise proportional to the volumetr
absorbed energy density. After heating, the resulting nonun
form pressure distribution propagates toward the surface
where it can be measured spatially and temporally resolve
with an acoustic receiver. From the obtained pressure signal
the original distribution of absorbed energy density can then
be recalculated using the relation between acoustic propag
tion time and distance. This method is suited for measuring
spatial resolved optical tissue properties~absorption, scatter-
ing!, and for imaging absorbing structures to a depth of sev
eral millimeters or even centimeters.
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In recent years, much effort in development of ultrasou
detection methods, including piezoelectric detection1,2 and op-
tical detection3–15 on one hand, and of image reconstructi
methods11,14,16–18on the other hand, has led to quite sophis
cated systems for 2- or 3-D imaging of tissue and tiss
phantoms.18,19 However, most of these methods show me
qualitative results in the sense that they focus on using tis
optical properties for imaging contrast and not on calculat
them quantitatively.

Sensitivity and resolution of acoustic detection partly co
tradict each other, and in the field of quantitative OA measu
ments, mostly a single sensor with low spatial resolution
high sensitivity was used for measurements of laye
samples, like skin tissue.2,7,10,20,21The OA signal was consid-
ered a copy of an absorption depth profile that is distorted
acoustic diffraction due to the finite lateral extent of the ill
minated sample region.20,22The drawback of a single pressur
sensor is that the interpretation of the measured signal is o
unambiguous if the actual light distribution is exactly know
which in a highly scattering sample like skin tissue isa priori
not the case.

In this study we introduce a new approach to quantitat
OA, in which the effect of acoustic diffraction is eliminated
Since source and receiver are in linear wave dynamics equ
lent by inversion of time, an acoustic near field can be

1083-3668/2005/$22.00 © 2005 SPIE
-1 March/April 2005 d Vol. 10(2)



e
e
e
f
u

l
i

d

s

n

-

d
-
f

t
l

-

-
-

ion
the

ran-
ane
sal-
s no
d it.
ral

n

be
sen-
eld
field
also
res-
ted

as
by

than
s of

ion

ge.
ec-
c-

Jaeger et al.
signed to the transducer. In the acoustic near field, the mea
sured pressure transients exactly mimic the shape of th
original pressure distribution, and consequently replicate th
depth profile of absorbed laser energy in the irradiated tissu
sample. This allows reconstruction of the optical properties o
layered samples without the need of basic assumptions abo
the light distribution inside the sample.

For the measurements, we designed a transducer that us
a transparent piezoelectric polyvinylidene fluoride~PVDF!
film, together with salt-water cavities instead of opaque meta
coatings as electrodes; thus detection can easily be done
reflection mode~sample is irradiated over the surface where
OA signals are detected!. Placing the sample in the transient
acoustics near field of this transducer, we measure depth
dependent absorption coefficients in layered structures an
time-resolved diffusion of dyes into tissue phantoms.

2 Theory of Diffraction-Free Optoacoustic
Detection
Illumination of a tissue sample with a short laser pulse lead
~due to fast heating! to the generation of a pressure transient
in the absorbing region. The absorbed energy is distributed i
the illuminated volume as energy densityu(x8) @J m23#,
which depends on the absorption coefficientma @m21# and on
the fluenceF @J m22#.

u~x8!5ma~x8!•F~x8!. ~1!

If the irradiation time is much shorter than the sound transi-
tion time through the illuminated volume~stress confine-
ment!, heating of the tissue leads to a pressure rise
Dp(x8) @Pa# that is correlated tou(x8) by the Grüneisen pa-
rameterG ~;0.1 Pa3m3/J in water!21:

Dp~x8!5G~x8!•u~x8!. ~2!

In consequence, a temporally varying pressure field
p8(x,t) @Pa# is generated, with the initial condition
p8(x,t50)5Dp(x85x).

By measuring the initial pressure distributionDp(x8), the
distribution of absorbed energyu(x8) can be determined and
optical properties can be derived according to Eq.~1!. The
initial pressure distribution can be measured indirectly by de
tecting the sound fieldp8(x,t) at the sample surface and in-
versely solving the wave equation. In the case of a layere
sample like skin tissue, differences between the optical prop
erties of the various layers are reflected in the depth profile o
absorbed energy. Also, the concentration of permeating drug
will characteristically change along the depth axis of the
sample and influence the depth profile of absorption. If a
depth profile of a layered structure like skin tissue is of inter-
est, the best detection method is one that maps the dep
distribution of original pressure onto the time-resolved signa
amplitude.

In harmonic continuous acoustics, an ultrasonic receiving
element is defined by its angular sensitivity, which also de-
pends on the acoustic wavelength. A receiver that integrate
pressure over a plane surface with infinite lateral size is per
fectly directional for all acoustic wavelengths, because only
harmonic waves with wave vectors parallel to the plane nor
mal are not canceled in detection. Detection with such a re
024035Journal of Biomedical Optics
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ceiver would be equivalent to perfect 1-D sound propagat
along the sample depth axis, and a perfect mapping of
depth profile onto the signal shape could be observed. In t
sient acoustics, this situation is possible even with a pl
sensor of finite size, because the principle of temporal cau
ity can be applied. This means that the edge of a sensor ha
physical importance until the acoustic transient has reache
Before, the sensor is equivalent to one with infinite late
size. No distortions due to acoustic diffraction~that belong to
the presence of a finite lateral aperture! are noticed in the
early part of the signal and the shape of the signals(t) per-
fectly mimics the profile of the original pressure distributio
along the axis normal to the sensor surface:

s~ t !}E E dxdy Dp~x,y,z5vt !, ~3!

wherev is the velocity of sound, andz is the distance of a
point inside the sample to the sensor surface.

The region from where such undistorted signals can
detected defines the acoustic near field for the ultrasonic
sor. In analog to continuous acoustics, where the near fi
depends on the acoustic wavelength, the size of the near
in transient acoustics not only depends on the sensor, but
on the sound source geometry. The extent of the original p
sure distribution defines the region from where undistor
signals can be detected. This can be derived graphically
depicted in Fig. 1. The lateral extent of the source, defined
irradiation cross section and scattering, has to be smaller
that of the sensor. The transients originating from the edge
the source need some time to travel the minimal distancedmin
to the sensor edge. The signal originating from the reg
between the sample surface and the depthzmax5dmin is de-
tected prior to the arrival of any transient at the sensor ed
This region is in the transient acoustic near field of the det
tion system, in which real depth profiles can directly be a
quired from the shape of the signal.

Fig. 1 A sketch of the sensor-sample geometry is shown. After irradia-
tion at time zero, acoustic transients originating from the edge of the
illuminated sample region need to travel the distance dmin to reach the
edge of the sensor area. Signals originating from the illuminated re-
gion in front of vertical distances less than zmax5dmin are detected
prior to the first arrival of any transient at the edge of the sensor area,
thus they are detected as if the sensor would have infinite size.
Viewed from this region, the sensor seems to be perfectly directional,
and the signal is detected as if sound propagation was in direction
perpendicular to the sensor surface. As a consequence, the detected
signal exactly mimics the depth distribution of initial pressure up to
the depth zmax .
-2 March/April 2005 d Vol. 10(2)



-

n

a

t
e
n

ty,
sion

he
de-
-
d

a-

ity,
iam-

ngth

a

re

Diffraction-free acoustic detection for optoacoustic depth profiling . . .
These considerations are valid if sound propagation is lin
ear. This means acoustical mismatch on interface,1,21 causing
sound refraction and sound reflection, has to be avoided. I
our case, pressure is measured with a piezoelectric foil, em
bedded in water for acoustic coupling to the tissue surface
since water has acoustic properties close to soft tissue. As ca
be seen in Table 1, the PVDF of the sensor layer represents
significant impedance step to an incoming pressure wave. Fig
ure 2 shows a typical measurement situation where such
wave with wavelengthl hits a sensor layer~thicknessd! un-
der an incident anglew1 . The requirement of continuity of
pressure at the interfaces leads, for the case ofl@d, to the
conclusion that the sensor layer is acoustically transparent an
the amplitudep2 measured inside the sensor is identical with
the amplitudep3 transmitted into the backing layer. There-
fore, p2 only depends on the acoustic properties of the fron
and backing material. For this case, the detected amplitud
can be calculated using the well-known acoustic transmissio
formula:

p2

p1
5

p3

p1
5

2Z38

Z181Z38
, where Zi85

Zi

cosw i
,

~4!

sin
w i

/v i
5sin

w1

/v1
,

Table 1 Acoustic properties of used materials.

Material Z @106 kg m22 s21# v @103 ms21#

Water 1.5 1.5

Soft tissue 1.36 to 1.66 1.48 to 1.57

PVDF 4.2 2.3
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whereZi , v i , andw i are acoustic impedance, sound veloci
and propagation angle in the various layers in their succes
of sound propagation.

This formula shows that if the acoustic properties of t
media before and behind the sensor foil are identical, the
tected amplitudep2 is additionally independent of the inci
dent angle and equals top1 , as in the case of linear soun
propagation.

Additionally, the signal could be influenced by the excit
tion of lamb waves in the sensor foil. Bacon23 discussed the
influence of lamb wave excitation on the angular sensitiv
depending on the product of frequency and sensor slab d
eter, and reported that above 5 MHz3mm, this influence can
be neglected.

3 Material and Methods
A piece of piezoelectric polyvinylidene fluoride~PVDF! foil
was used for the sensor. Assuming an acoustical wavele
longer than the foil thickness, the total chargeQ @C# induced
by a pressurep over the thin foil with the areaA is:24

Q~ t !5d33E
A
dA p~x,t !, ~5!

whereA @m2# is the foil area, andd33 @C/N# is the piezoelec-
tric charge constant.

Charge conducting covers on both sides of the foil build
capacitorC. The open-circuit voltageU @V# over this capaci-
tor equalsQ/C and is therefore proportional to the pressu
averaged over the foil surface:

U~ t !5
Q~ t !

C
5

d•d33

A•ee0
E

A
dA p~x,t !

5d•g33•
1

A E
A
dA p~x,t !, ~6!

whered is the foil thickness;e, e0 is relative permittivity and
permittivity; and g33 is the piezoelectric voltage constan
which is 200 to30031023 Vm21 Pa21 for PVDF.

In most cases, the conducting covers are metal coati
For medical applications, an optically transparent press
transducer would, however, be preferable to measure
laser-induced acoustic signal at the same position where
tissue was irradiated. Therefore, we replaced the metal c
ings by two thin layers of salt water. They are optically tran
parent, provide an almost perfect acoustic coupling to the
sue surface, and additionally decouple possible ther
effects caused by light absorption at the sample surface.

Thus, our transducer consists of a thin disk-shaped piec
PVDF foil ~diameter of 15 mm, thickness of 25mm!, which is
clamped by two brass rings used as electrodes. The brass
form chambers that are filled with salt water~Fig. 3!. The
distance between the sensor foil and measuring sur
~Mylar-foil ! was 2.260.1 mm.

For irradiation of the tissue, an optical parametric oscil
tor ~OPO, GWU VisIR! pumped by the third harmonic of a
Q-switched Nd-YAG laser~Quantel Brilliant B! was used.
The laser system delivered 5-ns pulses at a repetition rat
10 Hz. The OPO allowed tuning the wavelength between 4
Fig. 2 Model for wave propagation through the sensor layer. The sen-
sor layer violates the supposition of acoustic homogeneity. Neverthe-
less, if the sensor thickness d is smaller than the characteristic acoustic
wavelength l, mainly the front and backing material determine acous-
tic reflection and transmission. In the special case where the imped-
ances Z1 and Z3 are equal, transmission to the sensor layer is one,
and pressure is detected as without acoustic discontinuity.
-3 March/April 2005 d Vol. 10(2)
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Fig. 3 Design of the pressure transducer. A piezoelectric PVDF foil is
embedded in saline water. The water cavities work at the same time as
electrical capacity and as electrodes. Because PVDF is optically trans-
parent, the transducer can be transilluminated by the laser light.
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and 2600 nm. The pulse energy was measured with a gente
ED-200 joule meter. The light of the OPO was guided via a
400-mm core multimode fiber to the pressure transducer an
imaged onto the Mylar foil, producing a top-hat illumination
with diameter of 5 mm. The pulse energy measured at th
fiber output was typically 0.1 mJ. The optoacoustic voltage
signal was recorded and displayed on a LeCroy 9354 AL digi
tal oscilloscope. The chosen geometry of the setup yielded
maximum measuring depthzmax of 3.3 mm or a maximum
measuring time of 2.2ms ~according to Fig. 2 and assuming a
nonscattering sample!. The maximum frequency for lamb
wave excitation given by the sensor slab diameter is 0.36
MHz, corresponding to 2.7ms. This means that regarding the
maximum permissible measuring time, lamb wave excitation
is neglectable.

A first set of experiments intended to show that the ampli-
tude of the pressure signal accurately replicates the depth
resolved absorbed energy density.

If the absorption is strong and all light is absorbed within a
thin sample layer parallel to the sensor surface, the signal i
expected to show a narrow peak representing the narrow pro
file of absorption along the depth axis of the sample. The time
of occurrence of this peak should correspond to the depth o
the absorbing layer. We checked the behavior of the signal i
such a situation with a layer of strong absorbing dye~penetra-
tion depth smaller than 10mm! that has been put on the mea-
suring surface of the detector.

If the absorbed light is spread over a deeper range, th
signal slope mimics its depth distribution. To check this, a
layer structure of two different aqueous dye solutions on top
of a water layer was used. To avoid diffusion of the dye be-
tween the different layers, thin~4 mm! transparent Mylar foils
were embedded at the interfaces. Such a sample can be ch
acterized by the absorption coefficientsma,1 , ma,2 of the dye
solutions, and by the layer thickness. To simplify theoretica
calculations, we considered a nonscattering medium in whic
the absorption coefficientma varies only along thez axis, and
approximated our illumination by a collimated monochro-
matic light beam~radiant exposureH0) parallel to z. The
solution for the absorbed energy densityu(z) @J m23# yields
according to Eq.~1!:
024035Journal of Biomedical Optics
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u~z!5ma~z!•F~z!, with
~7!

F~z!5H0•expF2E
0

z

dz8 ma~z8!G .
Following Eq.~7!, the absorbed energy density distribution
a layered sample is characterized by an exponential de
within each layer with constant absorption coefficient~Beer’s
law!, and discontinuities at the layer interfaces. We det
mined the absorption coefficient of each layer from the ex
nential slopes in the optoacoustic signals measured at var
laser wavelengths, and compared them to the absorption
efficients obtained by transmission spectroscopy.

Additionally, Eq. ~7! can be used to reconstructma(z)
from the absorbed energy densityu(z) if the radiant exposure
H0 is known:10,20,25

ma~z!5
u~z!

H02*0
zdz8 u~z8!

. ~8!

We used this formula to reconstruct the depth-depend
absorption coefficient of the two layered dye samples.

In a second set of experiments, we measured the temp
behavior of a dye concentration diffusing into a gela
sample. On top of an undoped gelatin sample, a thin film
aqueous orange-G solution was applied. Using the optoac
tic technique and the formula in Eq.~8! for reconstruction, the
dye distribution was measured at various times after appl
tion, assuming that the absorption coefficient is proportio
to the dye concentration in the gelatin. The results were co
pared with calculations based on diffusion theory. The the
predicts a depth distribution described by half of a Gauss
profile with a radiusz0 , which grows proportional to the
square root of the diffusion time:

r~z!}
2

A2pz0

•expS 2
z2

2z0
2D ,

Fig. 4 Signal generated when the irradiated light is totally absorbed by
a highly absorbing dye solution in a layer thinner than 10-mm parallel
to the sensor plane. The shape of the signal corresponds to the depth
profile of absorption in a thin layer. The time of occurrence of the
signal peak corresponds to the layer location at a depth of ;2.2 mm,
and the width shows the depth resolution of about 24 mm. The signal
was averaged 128 times.
~9!
-4 March/April 2005 d Vol. 10(2)
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Diffraction-free acoustic detection for optoacoustic depth profiling . . .
Fig. 5 Signals obtained from layered dye samples, representing the
depth profile of absorbed energy: (a) a layer with lower dye concen-
tration followed by a layer with higher dye concentration, (b) in re-
verse order. The slopes represent the depth profile of absorption char-
acterized by exponential light attenuation and by the quick change in
the absorption coefficient at the layer interfaces. Apart from 128 times
averaging, no other signal processing (e.g., deconvolution) was ap-
plied.
n
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256Dt,

whereD is the diffusion coefficient@m2 s21#.
The (12e21)-quantile of dye distribution~depth that has

been trespassed by thee21 part of dye quantity! was used as
definition for the penetration depth. In the case of a Gaussia
distribution, the penetration depth in this definition is atz
50.34z0 . Thus, in the diffusion model, it also grows propor-
tional to the square root of time.

4 Results and Discussion
A pressure signal obtained in a situation where all light is
absorbed in a thin absorbing layer~thickness smaller than 10
mm! is shown in Fig. 4. The width shows the approximate
temporal resolution of our setup of about 16 ns or accordingly
the depth resolution of about 24mm. The time of occurrence
~;1.47 ms! corresponds to the distance between the senso
and measuring surface~;2.2 mm!.

Pressure signals obtained from the layered samples, onc
with the high absorbing layer on top and once in reverse or
der, are shown in Fig. 5. The slopes of the two peaks in the
pressure signals illustrate the exponential attenuation of th
024035Journal of Biomedical Optics
r
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irradiated light as predicted by Beer’s law. The steps in
signal amplitude correspond to the fast change of absorp
coefficients at the layer interfaces. The reconstruction of
sample with the weaker absorbing layer on top~Fig. 6! shows
the depth profile of the absorption coefficient. The time a
of the original signal has been converted into the depth axi
the sample, considering the speed of sound and the positio
the measuring surface. In each layer, the absorption co
cient remains constant, and shows a step at the interface.
ure 7 shows the comparison of optoacoustically and spec
scopically measured absorption coefficients as a function
wavelength. All three methods, the determination of the de
profile of absorption coefficient using the formula in Eq.~8!,
the exponential fit to the slope of the recorded pressure sig
and the spectroscopic technique show excellent agreeme

Figure 8 shows a diffusion series of optoacoustic press
signals recorded at different times after application of the d
film on the gelatin phantom. The reconstruction of the abso

Fig. 6 From pressure signals as shown in Fig. 5, depth profiles of the
absorption coefficient ma can be reconstructed according to Eq. (8). In
this figure, the depth profile of the sample resulting in the signal
shown in Fig. 5(b) is shown. The time axis of the signal has been
converted to the depth axis of the sample. The absorption coefficients
are 1.30 mm−160.08 mm−1 in the first layer and 2.46 mm−160.14
mm−1 in the second layer.

Fig. 7 Optoacoustic measurements of ma for the two dye concentra-
tions at various wavelengths by signal fitting (filled markers) and re-
construction (empty markers), compared with data obtained by trans-
mission spectroscopy (solid and dashed line).
-5 March/April 2005 d Vol. 10(2)
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Fig. 8 Signals from dye diffusing into a gelatin block, at various times
(1, 5, 10, and 40 min) after application of a thin dye film on the
gelatin surface.
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tion coefficient profile using Eq.~8! is shown in Fig. 9 for two
diffusion times together with Gaussian profiles calculated for
comparison of the signal slope with the behavior predicted by
Eq. ~9!. To follow the dye concentration in time, a series of
OA signals was recorded. Based on such a series, the tim
dependent penetration depth of the dye solution was calcu
lated as shown in Fig. 10 for two series. The dashed line
depicts the behavior described by diffusion theory~square
root of time law!.

These results confirm that the OA signals acquired with
our detector mimic the depth profile of original pressure dis-
tribution and of the absorbed energy density. In fact, acousti
diffraction does not affect the temporal slope of the optoa-
coustic signal, as predicted. But still, all signals show a sligh
negative shift of the zero absorption line~see Figs. 4 and 5
especially!, whereas the theory predicts that this base line
should keep exactly the same level wherever zero absorptio
is reached. As stated in the theory part, the acoustic effect o
the sensor foil on the signal can only be neglected for wave
lengths larger than the foil thickness. This could affect the
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signal on a time scale in the range of the acoustic transi
time of the sensor foil, which is about 10 ns, and can theref
not explain the rarefaction effect, since it occurs on a mu
larger time scale~somems!. Possible explanations could b
searched in the field of nonlinearity and anisotropy of piez
electric effect. Slight inverse filtering of the signals led
better results. However, we considered the unprocessed
shown to be more illustrative, and a deeper analysis of
point goes beyond the scope of this work.

The major two advantages of OA according to our pr
ciple are that signals can be interpreted straight forward a
replication of the absorption depth profile without the need
acoustic back projection, and that reconstruction of opti
properties can be done using a simple 1-D adding-doub
algorithm.26 This allows real-time application even with a low
power computer and preserves a high amount of lucidity. T
major disadvantage of methods violating the principle of ne
field sensing is that for the reconstruction of a depth profi
the effect of sound diffraction has to be taken into accou
This can only be done calculating the lateral distribution
absorbed energy from a model that is still incomplete, u
the depth dependent optical properties of the sample are
rived from the depth profile. Because only an iterative proc
can solve this problem, reconstruction lacks lucidity, and m
suring errors can have a strong influence on the result. A
tionally, it is more time consuming because illuminatio
needs also to be calculated for the radial dimension.

Our method gives a depth profile by averaging absorpt
on a plane parallel to the sensor surface over the cro
sectional area of the lateral sample illumination. This defin
the lateral resolution of the detector: if it is scanned over
sample surface, lateral changes on a scale smaller than
region of lateral sample illumination can hardly be detect
In the case of skin tissue, such changes include the irregu
ties in the interface of the papillary dermis with the epiderm
melanocytes, the vascular network, sweat glands, hair bu
or lateral size of pigmented moles. Instead, our method is v
sensitive to depth-dependent changes of bulk absorption

Fig. 10 For every time after the application of the dye film, a depth
can be found that has been trespassed by the e21 part of the dye
quantity. This depth is calculated as the 12e21 quantile of dye dis-
tribution and used as a definition for the diffusion penetration depth. It
is plotted for two diffusion series for various times after dye applica-
tion, and the traces are compared with the slope expected from diffu-
sion theory (dashed line).
Fig. 9 Reconstruction of absorption coefficient ma of a thin dye film
penetrating into a gelatin block, at various times (2 and 10 min) after
application, using Eq. (8). The transformed signal curves are assumed
to be proportional to the depth profile of dye concentration and are
shown together with Gaussian profiles (as expected from diffusion
theory) for qualitative comparison.
-6 March/April 2005 d Vol. 10(2)
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Diffraction-free acoustic detection for optoacoustic depth profiling . . .
duced, e.g., by blood perfusion, or concentration of permeat
ing substances, since they influence the absorption on a wid
cross-sectional area. Advantage of the full potential of the
method presented can be taken, if irradiation of the sample i
done over a wide surface area, since this guarantees the po
sibility of using higher pulse energy still fulfilling radiant ex-
posure safety standards. Consequently, the lateral resolutio
of our method given by the cross-sectional area of sampl
illumination will always be in the range of some millimeters.

5 Conclusions
We show that a flat pressure sensor is well suited for nonin
vasive depth-resolved OA measurements on layered stru
tures. The important advantage of such a pressure transduc
is that acoustic diffraction does not play any role if the senso
fulfills the transient acoustics near-field condition. Therefore
it gives real depth profiles of flat layered targets, and allows
reconstruction of samples in the easiest way. Furthermore, th
transducer presented is optically transparent for the excitin
laser light; thus OA measurements can be done in reflectio
mode.

We demonstrate the use of the OA method to characteriz
absorption in layered samples and to monitor diffusion of ab
sorbing substances in a tissue model.
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