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We develop a nanoscopy method with in-depth resolution for layered photonic devices. Photonics often requires
tailored light field distributions for the optical modes used, and an exact knowledge of the geometry of a device
is crucial to assess its performance. The presented acousto-optical nanoscopy method is based on the uniqueness
of the light field distributions in photonic devices: for a given wavelength, we record the reflectivity modulation during
the transit of a picosecond acoustic pulse. The temporal profile obtained can be linked to the internal light field
distribution. From this information, a reverse-engineering procedure allows us to reconstruct the light field and
the underlying photonic structure very precisely. We apply this method to the slow light mode of an AlAs/GaAs
micropillar resonator and show its validity for the tailored experimental conditions. ~ © 2017 Optical Society of America
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1. INTRODUCTION

Photonic nanostructures, in which light can be guided or con-
fined, are fundamental for a wide range of applications ranging
from information communication to cavity quantum electrody-
namics and optomechanics. The geometry and the constituting
materials of the structure define the optical resonances and the
spatial profile of the associated photonic modes. In the case of
optical cavities, for example, photons are slowed down or trapped
in localized modes to obrtain lifetimes of up to milliseconds [1].
The light—matter interaction with an optically active material is
drastically enhanced, provided that it is placed at a maximum of
the light field distribution of such a long-lived mode. There are
manifold challenging applications in the strong coupling regime
such as bright single-photon sources [2], entangled photons [3],
or polariton lasing [4], for which the exact knowledge of the res-
onator’s geometry and photonic field inside the nanostructure are
crucial. Information about the surface of the fabricated structures
is usually obtained with a high resolution by scanning electron
microscopy (SEM) or atomic force microscopy. When in-depth
information is desired, transmission electron microscopy and
x-ray diffraction are used. The first one is destructive due to the
required cross-sectional cuts. Often these techniques are not easy
to access or to handle. In this case an established technique is to
record the optical reflectivity spectrum and fit simulations based on
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a transfer matrix approach to the experimental data [5]. The draw-
back of this method in complicated multlayer structures is that it
offers ambiguous in-depth information, since the reflectivity spec-
trum is an integrated measure determined by the whole structure.

For nanoscopy of buried films and interfaces, picosecond ultra-
sonics provides a suitable tool [6-9]. A picosecond acoustic pulse
is optically generated and detected in a photonic nanostructure
and allows one to derive information about the position of the
internal interfaces. The success of this technique is due to the
short wavelengths (down to 10 nm) of the coherent phonons
forming the acoustic pulse, which have made it possible to inves-
tigate buried optical microcavities [10], superlattices [11,12],
hetero-interfaces [13], quantum wells [14], and defects in con-
tacts [15]. Most of the picosecond acoustic experiments in pho-
tonic devices were carried out to study specific phononic features
arising from the acoustic mismatch between the constituting ma-
terials, while their optical properties were considered mainly for
the purpose of understanding the generation or detection of tera-
hertz and subterahertz phonons [7,16,17].

The efficiency of picosecond ultrasonics relies on a mismatch
of the acoustic properties of the constituting materials, which is
not necessarily given. However, the proposed method of this work
is based on obtaining information about the unique light field
distribution in the device under study. It only requires contrasting
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dielectric functions, which is an intrinsic feature of most photonic
devices. The difficulty arises from the complex interplay of a pico-
second acoustic pulse and the light field in a photonic device. This
interplay has been comprehensively described in a number of
publications [18,19]. It turns out that the properties of (i) the
acoustic pulse, namely its duration, the phonon spectrum, and
the phonon dispersion in the photonic device, the (i) light field
distribution, and (iii) the different mechanisms of light—matter
interaction, like phonon—photon and phonon—electron scatter-
ing, need to be considered for a complete understanding.
Previous works have so far not been aimed at deducing unam-
biguous information about the light field from the overall re-
sponse [17,20]. The way to achieve this is to know all other
parameters exactly so that they can be eliminated from the re-
sponse. How this condition can be fulfilled for a practical pho-
tonic device by the proper design of the acoustic pulse and choice
of the studied light field is discussed in the present paper.

The basic experimental scheme of the method is presented in
Fig. 1(a): a laser beam is directed onto the nanostructure and
builds up the light field sketched in red. The device under inves-
tigation imprints a unique field distribution, which is exploited
for its characterization. A picosecond acoustic pulse is injected
into the structure from its back side and propagates with the
sound velocity along the z axis toward the surface of the nano-
structure. The temporal displacement profile #(z) can often be
modeled by a Gaussian [21] with a duration that depends on
the experimental conditions (excitation energy, temperature, non-
linear phenomena) and ranges from several picoseconds up to
~100 ps [21]. In our model we use an amplitude of several tens
of picometers and a full width at half-maximum (FWHM) of
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Fig. 1. Sketch of the technique. (a) A laser beam builds up a unique
light field distribution (red) inside the structure, while an acoustic pulse
simultaneously propagates along the z axis. The acoustic pulse locally
changes the optical properties of the photonic device, which is observable
in the reflected intensity of the laser beam. (b) Sketch of an acoustic
pulse, showing the acoustic displacement (solid line) and the mechanical
strain (dashed line).
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about 90 ps, as shown in Fig. 1(b) by the solid line. The derivative
of the displacement is associated with the strain #(#) and is shown
in Fig. 1(b) by the dashed line. The presence of the acoustic pulse
slightly perturbs the light field in the structure. For the incident
laser beam, this local perturbation leads to a change in the total
reflectivity that depends on the light field intensity at position z of
the acoustic pulse. The result for the simplest case of an optically
homogeneous material is well known and is described by the so-
called coherent Brillouin oscillations originating from the inter-
ference of two optical beams, one being reflected from the surface
and the other one in the depths of the material, where the acoustic
pulse dynamically modifies the optical properties due to the
photoelastic effect [22]. For periodic multilayered structures, like
distributed Bragg reflectors (DBRs), the oscillation spectrum is
more complicated [16,23] and is defined by the photon—phonon
momentum conservation, which also includes folded Brillouin
oscillations, which involve phonon Umklapp processes [12,24].

Our aim is to record the reflectivity modulation for more com-
plex photonic nanostructures, when the analysis cannot be based
on the momentum conservation only. In the paper, we first
present an analytical equation, which allows us to link the reflec-
tivity modulation to the internal light field distribution along the
propagation direction of the acoustic pulse. Afterward we dem-
onstrate that the information obtained can be used to reconstruct
the light field, which then in turn is exploited for the characteri-
zation of a model multilayer system. In the experimental part of
the paper, we apply this technique to a slow photonic mode in a
GaAs/AlAs micropillar resonator that falls into the high-energy
flank of the first optical stop band. We show that the experimen-
tally measured temporal evolution of the reflectivity allows us to
precisely calculate the underlying light field distribution and to
determine the geometry of the photonic resonator with in-depth
resolution and an accuracy of a few nanometers.

2. THEORETICAL BACKGROUND

The interaction of picosecond acoustics perturbation with the
light field in a photonic nanostructure is due to two fundamen-
tally different contributions, namely, (i) the photoelastic effect
and (ii) the interface displacement [18]. The photoelastic effect,
on one hand, is based on the fact that the strain 7(z, #) leads to a
local change in the refractive index Az In semiconductors, for
photon energies not far from the bandgap £, An can be approxi-
mated by

on OE
An=—"Cy
0E; on

It is dependent on the dispersion of the refractive index and on the
deformation potential constant linking the shift of the energy gap
E; to the applied strain [12,18]. On the other hand, the interface
displacement effect is related to the reflections originating from
the surface and the internal material interfaces of the photonic
nanostructure. The acoustic pulse modifies their interference
terms, since it moves such an interface when passing it, thereby
leading to a phase shift of the reflection originating from there.
For the description of the acoustic pulse, we consider a one-
dimensional case. Furthermore, we assume that the phonon
dispersion is not affected by the nanostructure and may be
described by a linear relation between the phonon frequency
and wavevector ¢,

(1)
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with the slope given by the longitudinal sound velocity 2. In one-
dimensional periodic nanostructures with a total length much
longer than the phonon wavelength, both contributions to the
light—matter interaction result in an optical reflectivity modulation
whose spectrum is governed by photon—phonon momentum con-
servation, including Umklapp processes:

g = 2lk % mG|. &)

Here, £ is the photon wave vector, G is the reciprocal lattice vector,
and 7 is an integer. In most periodic photonic nanostructures
for light in the visible to near-IR range, this corresponds to
phonon frequencies from zero to several tens of gigahertz, depend-
ing on & [12].

For nonperiodic multilayer structures, Eq. (3) is not valid and
transfer matrix calculations may be considered for numerical sim-
ulations. Our aim is to find experimental conditions under which
the treatment of the light—matter interaction is as simple as pos-
sible, e.g., by making one of the two interaction mechanisms
negligible. The photoelastic contribution can be turned off by
choosing a wavelength where the photoelastic constants are small
[25]. Another possibility in the case of a bipolar strain profile [see
Fig. 1(b)], like that typically generated in picosecond ultrasonics,
is to tailor the acoustic spectrum such that the spectral amplitude
for high-frequency phonons, which provide the largest contribu-
tion to the photoelastic effect, is small enough to consider only
interface displacements [22].

As soon as the photoelastic contribution is minimized by pur-
suing one or both of the proposed routes, the displacement effect
becomes the dominant contribution. In this case, the reflectivity
change for a fixed wavelength A may be expressed analytically as

AR(z)
Ry

EZ

e

7

= ko Im| > Se(z,)

where 4 is the vacuum photon wave vector and 7 is the complex
reflection coefficient of the whole structure (a similar expression
was derived in Ref. [18]). The sum runs over all interfaces denoted
by 7, where z; marks the position of the interface, de(z;) is the
difference of the dielectric constants at the interfaces, u(z, ¢) rep-
resents the temporal and spatial displacement profile, and E(z) is
the normalized, dimensionless, and complex electric field distribu-
tion of the considered photonic mode. The electric field has the
form E(z) = exp(ikz) + r exp(-ikz) at the front surface of the
structure at z = 0, which determines its phase and amplitude
[18]. From this starting point, the distribution £(z) in the whole
structure is calculated by a transfer matrix that also yields the re-
flection coefficient 7 [5]. For nonabsorbing materials, d¢(z;) is real,
and one can see that the reflectivity modulation is given by the
convolution of the displacement profile with a quantity closely re-
lated to the photonic field, p(z) = Im(E*(z)/r). This con-
volution is evaluated at discrete sampling points, namely the
positions of the interfaces, with a weight determined by the optical
contrast.

3. MODEL CALCULATIONS

First we discuss simulations performed for a planar microcavity
structure as an intuitive example of the potential of our method.
The bottom and top DBRs consist of 30 periods of alternating
AlAs and GaAs layers with nominal thicknesses of 78 and 66 nm,
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respectively, designed for a center stop band wavelength of
925 nm at cryogenic temperatures. Between the two DBRs a
A cavity GaAs spacer is sandwiched. To show the sensitivity of
the proposed method to the geometry of the photonic device,
additional scaling factors of (1 - x) and (1 + x) are then applied
to the initial nominal layer thicknesses of the bottom and top
DBRYs, respectively. In Fig. 2(a) the calculated reflectivity spectra
for two microcavities with rather similar layer thicknesses in the
bottom and top DBRs are shown (x = £0.03). For a wavelength
of 2 =830 nm close to the stop band edge [indicated by the
arrow in Fig. 2(a)], the different layer thicknesses give rise to a
significantly different photonic field distribution |E(z)|?, plotted
in Fig. 2(b). Two features can be seen there: one is a fast oscil-
latory component determined by the optical wavelength, and
another is a slowly varying envelope function. While the period
of the fast oscillations is almost the same in the bottom and top
DBRYs, the periods for the slow ones are different: in the thicker
DBR, the envelope function varies on a longer length scale and
with a higher relative amplitude than in the thinner DBR. Such
striking differences cannot easily be recognized in the reflectivity
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Fig. 2. Simulations of two differently scaled planar microcavities with
x = -0.03 (blue curves) and x = 40.03 (red curves). (a) Calculated re-
flectivity spectra; the arrow marks the wavelength studied in the following
parts. The modeled structure and the influence of x are illustrated in the
inset. (b) Light field distributions | E£(z)|? in the two cavities for the wave-
length indicated in (a); (c) temporal reflectivity change during the transit of
a Gaussian displacement pulse with a FWHM of 90 ps through the device.
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spectrum shown in Fig. 2(a). One sees that the central stop band
looks almost the same, independent of whether the bottom
(x < 0, blue curve) or the top (x > 0, red curve) DBR is the
thicker one. Only in the sidebands do slight deviations occur,
so that it is hard to distinguish the two different structures from
their reflectivity spectra alone.

The specific features of the photonic field, which are not rec-
ognized in the reflectivity spectrum, become visible when calculat-
ing the reflectivity change induced by an acoustic pulse according
to Eq. (4). In Fig. 2(c) the temporal traces for AR(z) /R, are pre-
sented for a Gaussian displacement pulse with a FWHM of 90 ps
propagating in the structure with a mean sound velocity of
7 = 5230 m/s. Here, the time # = 0 ns corresponds to the injec-
tion of the acoustic pulse into the bottom DBR and the time 7 &
1.75 ns to the time when the acoustic pulse reaches the top surface
of the top DBR. Both curves show oscillatory behavior whose peri-
ods resemble the variations of the light field’s envelope function:
when the acoustic pulse propagates through the DBR with the
faster (slower) changing light field envelope, we observe a faster
(slower) reflectivity modulation. With these findings one can
clearly distinguish between the two differently scaled microcavities.

Note that the oscillations in the reflectivity modulation are not
directly proportional to the light field intensity. Although the peri-
ods of the oscillations in the thinner and thicker DBRs match the
periods of the corresponding envelope functions very well, which is
also important information, there is a nontrivial phase difference
determined by the complex reflection coefficient 7, the width of
the displacement pulse, and for absorbing media the dielectric con-
trast 8¢ (z) also. Furthermore, it is necessary to select a probe wave-
length A whose light field distribution is strongly controlled by the
parameters of the photonic device such that small variations in
these parameters lead to a strong change in the reflectivity modu-
lation. For the microcavity presented here, this means, for example,
a probe wavelength close to the optical stop band.

We have shown by transfer matrix calculations that for an
acoustic pulse with a width of ~100 ps, the contribution of
the photoelastic effect is negligible and the interface displacement
effect according to Eq. (4) governs the temporal evolution of the
reflectivity changes (see Supplement 1). Due to the relatively long
acoustic pulse, the small-period oscillating field does not contrib-
ute to AR(z)/Ry. Moreover, the wavelength A of the light field
considered is chosen to be in the transparency region of AlAs and
GaAs (at low temperatures), where the refractive index dispersion
is flat and the photoelastic effect is consequently rather inefficient
[26]. Although reflections of the acoustic pulse at internal inter-
faces have been included in the calculations, they do not play an
important role here, since the phonon spectrum of the modeled
acoustic pulse does not reach frequencies as high as the first pho-
nonic stop band at around 18 GHz [10].

4. EXPERIMENT

Experiments to demonstrate the validity of the method in prac-
tical photonic devices are performed on micropillar lasers with
two DBRs consisting of 33 and 26 periods of alternating AlAs
and GaAs layers for the bottom and the top mirror, respectively.
The nominal thicknesses of the AlAs and GaAs layers are 74 and
69 nm, respectively. In between the two DBRs a 266 nm thick
A cavity GaAs spacer is sandwiched such that the nominal total
thickness of the structure is about 8.7 pm. An ensemble of
Al 09Gay s5lng 36 As quantum dots is placed in the cavity layer
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center and serves as the active medium of the laser.
Micropillars with different radii ranging from 1.5 to 7.5 pm
are studied, because they offer stronger light field confinement
than planar structures [27]. We use a time-resolved pump—probe
setup to generate the acoustic pulse with the pump and detect the
reflectivity modulation with the probe laser beam. Both originate
from a pulsed laser with a central wavelength of 800 nm and a
spectral width of 10 nm, which falls into the high-energy flank of
the sample’s first optical stop band [see Fig. 3(a)]. The acoustic
pulse is generated on the back side of the sample and injected
from there into the micropillars [28]. To ensure a lossless transfer
through the 220 pm thick GaAs substrate [29], the sample is
placed in a flow cryostat and attached to a cold finger kept at
a temperature of 8 K. More details about the sample and the ex-
perimental setup can be found in Supplement 1.
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Fig. 3. Experimental measurement of the reflectivity change in an AlAs/
GaAs micropillar resonator with a radius of 7.5 pm. (a) Calculated reflec-
tivity spectrum of the micropillar resonator (black) and probe laser
spectrum (red area). The inset shows a SEM image of a similar, but thinner,
micropillar. (b) Measured reflectivity modulation (black) and simulated
curve (red). The arrows mark the specific delays at which the acoustic pulse
leaves and enters the DBRs. (c) Light field distribution |E|? for the central
laser wavelength of 800 nm and for the wavelengths shifted by half the
FWHM at 795 and 805 nm.


https://www.osapublishing.org/optica/viewmedia.cfm?URI=optica-4-6-588-s001.PDF
https://www.osapublishing.org/optica/viewmedia.cfm?URI=optica-4-6-588-s001.PDF

Research Article

In Fig. 3(b) the measured reflectivity change AR(z)/R, ob-
tained for a micropillar with a radius of 7.5 pm is presented
as a black curve. At a delay of 7, the acoustic pulse reaches
the foot of the micropillar. Here we record a peak and a sub-
sequent dip, since the beam spot is approximately larger than
the micropillar’s diameter, and we also collect light that is reflected
from the surface next to the micropillar. For increasing delays 7,
the acoustic pulse advances toward the micropillar’s top surface
and is located in the bottom DBR for 7, < 7 < 7;. As for the
curves in Fig. 2, oscillatory features are recorded. The temporal
separation between the two peaks appearing right before 7; is
220 £ 6 ps. After leaving the bottom DBR at 7y, the acoustic
pulse passes through the cavity layer within about 50 ps and en-
ters the top DBR. We observe a phase jump in the signal, and
afterward the reflectivity clearly starts to oscillate with a stronger
amplitude. The temporal interval between neighboring peaks in
the oscillations is 230 &= 6 ps here. These oscillations persist, until
the acoustic pulse reaches the top surface of the micropillar at 7,.
Taking the temporal difference between 7, and 7, of 1.47 ns and
the averaged sound wvelocity in the layered structure of
7 = 5211 m/s, we conclude that the micropillar has a height
of about /# = 7.7 pm, which corresponds to several double layers
not etched away in the bottom DBR [see Fig. 3(a)]. At the top of
the device, the acoustic pulse is reflected and redirected into the
micropillar. In the temporal reflectivity trace this leads to a phase
jump at 7 = 7,. Following the reflection of the acoustic pulse, the
reverse sequence is recorded, including the second transit through
the cavity layer at 73 and so forth. Finally, the acoustic pulse leaves
the micropillar at 74. The signal at delays 7 > 7 is assigned to
reflections of the acoustic pulse inside the layered structure
and is not considered further.

We compare the measured signal with the simulations accord-
ing to Eq. (4). The spectral width of the laser pulse of 10 nm
needs to be taken into account, which is done by calculating
the field distributions for all wavelengths occurring in the laser
emission and weighting them by their spectral amplitude [see
Fig. 3(a)]. For the acoustic pulse a displacement input profile
given by a Gaussian with a FWHM of 90 ps is used. The curve
is fitted to the experimental data by scaling the layer thicknesses,
and the best result is shown as the red dashed curve in Fig. 3(b).
The excellent agreement between the simulated curve and the ex-
periment underlines the validity of our approach. Deviations oc-
cur mainly when the acoustic pulse reaches the foot of the
micropillar and the reflection from the area next to it is modulated
(z = 13), which is not included in the model. After the reflection
of the acoustic pulse from the micropillar surface (z > 7,), we
observe in the experiment an asymmetric profile around 7, in
contrast to the model expectations. This indicates a rough top
surface resulting in diffuse scattering of the phonons in the acous-
tic wave packet. The field distributions for three wavelengths used
in the reverse-engineering calculations are displayed in Fig. 3(c).

Ultimately, the simulation allows us an analysis of our pho-
tonic device. We consider three quantities to be extracted from
the experimental data: the cavity layer thickness and the mean
periodicity in the bottom and top DBRs. Each DBR is assumed
to possess its own uniform periodicity, which for simplicity is ob-
tained by rescaling the nominal parameters. The central cavity
layer is found to be 2% (=5.3 nm) thicker than the nominal
value of 266 nm by adjusting the relative phase of the oscillations
in the top and in the bottom DBR. The periods of the oscillations
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in the bottom and top DBRs precisely provide the DBR perio-
dicity. Each GaAs/AlAs DBR layer is found to be about 3.9% and
4.1% thinner in the bottom and in the top DBR, respectively.
The precision of the found layer thicknesses corresponds to a spa-
tial resolution of a few nanometers for single layers, like in the case
of the cavity spacer, where a deviation of 5 nm from the nominal
value is found. An even higher resolution is achieved for the mean
period in periodic structures. Here, the possibility of resolving the
different mean layer thicknesses in the bottom and top DBRs cor-
responds to a subnanometer resolution. In the experiments, the
error for the period of the oscillations is 6 ps and is determined by
the time resolution of the setup, which is governed by the step size
of the mechanical delay line rather than by the shorter laser pulse
duration. How this error limits the accuracy of acousto-optical
nanoscopy depends strongly on the sensitivity of the probed light
field to structural changes in the device; i.e., the accuracy is a
function of the chosen probe wavelength, and it is hard to provide
an analytical expression for the formal error of the individual
layers. Figure 4(a) shows the simulated reflectivity change for dif-
ferent cavity layer thicknesses to get an impression of the method’s
precision. The phase jump at delay 7, indicates the passage of the
acoustic pulse from the bottom DBR into the top DBR. While
the reflectivity modulation for delays larger than 7, is barely
affected by the cavity layer thickness, pronounced phase shifts
of the oscillations in the bottom DBR are observed. One can
see that the chosen curve for a 2% thinner layer fits much better
than the other ones. In the bottom DBR the width of the peaks is
too narrow in all simulations. This issue cannot be solved by in-
creasing the duration of the acoustic pulse. Anyway, since the
agreement is much better for the top DBR, the width of the peaks
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Fig. 4. Error and validity of the method. (a) Simulations for the AlAs/
GaAs micropillar for different cavity layer thicknesses. The experimental
curve (black line) is vertically shifted for clarity. (b) Experimental mea-
surement of the reflectivity change in a thin AlAs/GaAs micropillar with a
radius of 1.5 pm (top) and beside a micropillar (bottom). Next to the
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is obviously related to the DBR and not to the acoustic pulse.
Maybe the quality of the bottom DBR is a bit lower and the
thicknesses of the layers are not homogeneous across one oscil-
lation period. Another possible explanation for the broader
width of the experimental oscillations might be related to the
Al 09Gag s5Ing 36 As quantum dots, whose interaction with the
optical field is not included.

We briefly discuss the mechanical eigenmodes supported by the
micropillar resonator to exclude the possibility that they lead to the
observed reflectivity modulation. The pillar’s extensional ground
mode can be calculated from the height 4 and the mean sound
velocity # and is found to have a frequency of 0.15 GHz [30].
The frequency of the radial modes scales inversely with the radius
[31]. Such a dependency of the modulation frequency on the radius
was not found when a second micropillar with a smaller radius of
1.5 pm was studied [see the top curve in Fig. 4(b)]. The basic shape
of the reflectivity modulation does not depend on the radius of the
micropillar; however, the smaller the radius, the higher the noise
and the more pronounced the peak at 7, associated with the sample
surface surrounding the micropillar. Finally, calculations show the
first phononic stop band arising from the DBRs at 18 GHz [32], so
we conclude that the observed modulation is not related to any
mechanical resonance.

Comparison of the experimental results with the simulations
shows that our model is valid for probing interfaces in photonic
structures with acoustic pulses. The response can be modeled solely
by the interface displacement effect according to Eq. (4) for a rel-
atively long acoustic pulse. Shortening the strain pulse obviously
brings high-frequency phonons into play, and the photoelastic
effect should be taken into account, too. When the reflectivity
modulation in the bulk GaAs beside the micropillar is recorded,
42 GHz Brillouin oscillation is clearly observed [see the inset in
Fig. 4(b)]. However, no oscillations with frequencies corresponding
to the GaAs/AlAs DBRs, which should be about 41 GHz, are ob-
served when the micropillar is probed. This indicates that there are
no high-frequency phonon components in the acoustic pulse
propagating in the micropillar. A possible explanation might be
a strong scattering of high-frequency phonons at imperfections
in the micropillar walls and its foot. The reflectivity modulation
does not depend strongly on the shape and the duration of the
modeled acoustic pulse. The simulations are independent of
whether a Gaussian displacement profile or a shockwave acoustic
pulse, whose high-frequency components have been filtered by the
micropillar, is assumed (see Supplement 1).

The proposed method is applicable to manifold kinds of multi-
layered photonic devices, where in-depth information is of inter-
est. If a transparent probe wavelength is chosen, the maximum
available depth is limited only by the penetration depth of the
acoustic pulse. This length is governed by the acoustic mismatch
at the internal interfaces, if the structure is cooled down and pho-
non attenuation becomes negligible. It is favorable to work with
long acoustic pulses containing no high-frequency phonons,
which lead to coherent Brillouin oscillations. Unlike micropillars,
most photonic devices do not suppress these phonons, and a more
sophisticated generation process is necessary. One might employ a
pump wavelength with a longer absorption length, for example.

In conclusion, we presented a method for the characterization
of a photonic device based on in-depth sensing of the internal
light field distribution with a picosecond acoustic pulse. We have
established experimental conditions under which we can treat the
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response of a given photonic mode to the acoustic pulse in a sim-
plified and analytical way. From the recorded reflectivity modu-
lation for the selected optical wavelength, we can deduce
information on the internal light field distribution. In the final
step, we reconstructed the original photonic device in a
reverse-engineering procedure from the information we obtained
about the light field. The technique was discussed in simulations
of a planar microcavity as an intuitive model structure and after-
wards validated by experiments performed on an AlAs/GaAs
micropillar resonator. From the simulation we were able to
determine the layer thicknesses with a high precision of a few
nanometers.
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