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ABSTRACT: Azo-modified photosensitive polymers offer the interesting a7
possibility to reshape bulk polymers and thin films by UV-irradiation while el EEr ' '/
being in the solid glassy state. The polymer undergoes considerable mass (= .. ¥ .., .| 88| % ‘ ” '
transport under irradiation with a light interference pattern resulting in the ' -
formation of surface relief grating (SRG). The forces inscribing this SRG

pattern into a thin film are hard to assess experimentally directly. In the
current study, we are proposing a method to probe opto-mechanical stresses
within polymer films by characterizing the mechanical response of thin metal
films (10 nm) deposited on the photosensitive polymer. During irradiation, the metal film not only deforms along with the SRG
formation but ruptures in a regular and complex manner. The morphology of the cracks differs strongly depending on the
electrical field distribution in the interference pattern, even when the magnitude and the kinetics of the strain are kept constant.
This implies a complex local distribution of the opto-mechanical stress along the topography grating. In addition, the neutron
reflectivity measurements of the metal/polymer interface indicate the penetration of a metal layer within the polymer, resulting in
a formation of a bonding layer that confirms the transduction of light-induced stresses in the polymer layer to a metal film.
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1. INTRODUCTION

Azobenzene-containing polymers belong to a class of functional
materials exhibiting a strong coupling between an external
radiation field and the mechanical response of the polymer film.
These materials comprise two molecular components, one of
which constitutes a polymer matrix and the other an ensemble
of azobenzene (azo) moieties that are attached to the polymers
as side chains. It is now well-established that the azobenzene
molecules can undergo a reversible trans—cis photoisomeriza-
tion process when excited with a polarized light beam, leading
to a quasi-permanent molecular reorientation in a direction
perpendicular to polarization of the incident light. As a result,
the photosensitive film exhibits a strong topographical response
upon irradiation with light.'~* During this process, the polymer
film follows the distribution of intensity or polarization within
the interference pattern and deforms, resulting in formation of
surface relief grating (SRG).>~® The mass transport of polymer
occurs in macroscopically regular and periodic fashion across
the polymer surface.””'* This is very promising for applications
in data storage, diffractive optical elements, micro- and
nanofabrication of complex periodic structures for plasmonic
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studies, trapping of light in solar cells, and deformable
electronics.”*~"®

From an academic point of view, the question about the
physical origin of the SRG formation remains still open. What
one could say with certainty is that the electric field induces a
local, spatially varying alignment of azo molecules.’”™>* Most
probably the mechanical response on the macroscale is a
multiscale chain of physicochemical phenomena, including
small scale motion of azo molecules due to the local change in
their chemical potential upon isomerization, the collective
alignment of azo molecules and their coupling to the polymer
backbone that they are connected to, and finally the changing
elastic properties of the polymer.>3™3?

Recently, we have solved experimentally a very important
question: how does the local state of polarization of the
impinging light interference pattern relate to the change in
topography and the orientation of the azobenzene molecules.
Here, a homemade setup combining an optical part and an
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Figure 1. (a) Scheme of the homemade setup combining AFM and a Mach—Zehnder interferometer to inscribe SRG in photosensitive polymer and
to record the grating growth kinetic: M;, M, M3, My, and M; are mirrors; BS is a beam splitter; H,, H, are 1/2 plates; P, P, are polarizers; WP,,
WP, are A/2 or A/4 wave plates; I, I, are intensities of beams; and S is a computer-controlled shutter. (b) Spatial distributions of polarizations along
the grating vector (x-axis) of the interference pattern used in the current investigation, for small interference angle (). The positions of the maxima
and minima of the SRG are related to the electrical field distribution as shown by the red curve. (c) Grating growth kinetics for a polymer film using
an RCP:LCP interference pattern (blue curve), for a polymer film using a +45° pattern (green curve), and a polymer film with a 10 nm metal film
deposited on top for both patterns (red curve). The inset scheme describes the grating profile parameters.

atomic force microscope has been established as described
elsewhere.”® Using this setup we have also reported on
deformation of the metal layer placed above the photosensitive
polymer film.>* The fact that even with the strong constrain by
the metal layer the polymer film still deforms indicates
development of strong mechanical stress within the polymer
films.

Ultrathin metal films (<10 nm) deposited on compliant
polymer substrates are particularly interesting due to the fact
that it is easy to achieve a continuously coated conductive metal
film on polymer surfaces without a seeding layer’>*® and with
an added advantage of deformability compared to the
deposition of metal film on conventional hard surfaces such
as SiO,. It is expected that physical deposition processes on
polymer substrate leads to the penetration of metal islands near
the polymer surface, creating a so-called bonding or sandwich
layer, and the failure of thin electronics is mainly related to the
quality of the bondmg/ sandwich layer at the interface due to
delamination effects.’” There are no clear reports on the nature
of this bonding layer except a recent depth profiling study of
100 nm thick aluminum film deposited on polymer substrate
analyzed via dynamic quadrupole secondary ion mass
spectrometry with only partial success due to the lack of
proper interface.*®

In this study, we used neutron reflectometry and a metal/
multilayered graphene/polymer interface system to probe the
bonding layer at the ultrathin metal/polymer interface and its
role in metal deformation. Moreover, we report on using the
deformation of the metal layer for probing opto-mechanical
stresses along the surface relief grating. To achieve a
comprehensive understanding of the distribution and magni-
tude of surface and volume forces during mass redistribution in
azobenzene-modified photosensitive polymer films, an appro-
priate and complete theory should be provided. We hope that
our experimental observations could spark interesting theoreti-
cal work.
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2. MATERIALS AND METHODS

2.1. Photosensitive Polymer. The azobenzene-containing photo-
sensitive polymer PAZO (poly{1-[4-(3-carboxy-4-hydroxyphenylazo)-
benzenesulfonamido]-1,2-ethanediyl, sodium salt}) is purchased from
Sigma-Aldrich with molecular weight of M, = 1.4 X 10* g/mol (ca. 40
repeat units). The polymer solution is prepared by dissolving PAZO in
a solvent mixture of 95% methoxyethanol and 5% ethylene glycol. To
prepare a 1 ym thick polymer film, a polymer solution of 250 mg/mL
concentration is spin-cast onto a glass substrate (thickness ~130 ym
from Carl Roth GmbH) at 10000 rpm during 1 min, followed by
drying with nitrogen flow.

2. In-Situ AFM Connected Two Beam Interferometer. A
simplified Mech-Zehnder interferometer (Figure la) is used to
inscribe the surface relief gratings in PAZO films. As a source, a
diode-pumped solid-state laser (Cobalt Calypso) operating in
continuous wave and single longitudinal mode with high coherence
at 491 nm wavelength is used. The polarization state of the output
beam from laser source is in the vertical linear state. The beam is
spatially expanded with a focusing lens (FL), passed through a pinhole
(PH), and collimated with a collimating lens (CL). The uniform
central part of the collimated Gaussian beam profile (S mm diameter)
is used further to generate the interference pattern. The beam is
allowed to pass through a 50:50 (T:R) nonpolarizing beam splitter
(BS) and split into two beams of equal intensities by the amplitude
division principle.

The polarization state of each beam can be controlled with a set of
retarders (/2 and/or A/4 plates) and polarizers. The polarizers (P,
and P,) are used to make sure that the two beams after splitting at the
beam splitter (BS) have only a vertically linear polarization state
without other polarization noise. The half-wave plates H; and H, are
positioned before the polarizers as shown in Figure la, for achieving
equal intensities (I; ~ L) in both beams after passing through the
polarizers based upon “Malus’s law” (I = I, cos’p). To achieve a
circularly polarized beam, it is well-known that any series combination
of an appropriately oriented linear polarizer and a quarter-wave plate
together perform as a circular polarizer. In our optical setup, quarter-
wave plates (WP; and WP,) are used for both beams with fast axes
oriented orthogonal 45° to each other and to the incoming vertical
linearly polarized beams to achieve right- and left-circularly polarized
beams. To achieve a +45° interference pattern, A/2 plates are used
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Figure 2. (a) Scheme of deformed metal film on polymer surface during SRG formation. (b) SEM micrograph of the periodically ruptured gold film
on a polymer during SRG formation. The inset shows a high-resolution SEM image of the metal film consisting of a well-packed metal network. (c)
Scheme of the sample shown as SEM micrographs in part d. The topography was formed by subsequent cross-irradiation with +45° interference

pattern.

instead of A/4 plates. These orthogonal polarized beams [+45° or
right circular polarized:left circular polarized (RCP:LCP)] are then
aligned to interfere at the surface of a polymer sample such that
simultaneous in-situ measurements of the grating formation with the
AFM setup can be carried out. The irradiation of sample is achieved
from the glass side (back side). The periodicity D of the optical
interference pattern can be adjusted by controlling the angle 26
between interfering beams as D = A/(2 sin ), where 1 is the
wavelength of the laser source. All in-situ AFM measurements are
performed using tapping-mode AFM (PicoScan, Agilent) with 1 Hz
scan speed. The growth kinetics of SRG are obtained by programming
the AFM scan cycle to maintain periodic up and down scanning during
in situ measurements. With this setting, topography variations running
upward and downward in the AFM images represent the topography
changes across the whole polymer surface with time.

2.3. Neutron Reflectivity Measurements. The neutron
reflectivity curves were obtained at the time-of-flight reflectometer
REFSANS operated at the MLZ in Garching, Germany. The
instrument was operated with an incident wavelength spectrum
ranging from 2 to 10 A with a A/1 resolution of 3%. The opening of
the beam defining slits were selected as to keep the total AQ/Q = 6%.
Using three consecutive overlapping measurements at incident angles
0.3°% 0.6° and 1.4° the reflectivity was measured over the q range
extending to 0.2 A™".

3. RESULTS AND DISCUSSION

3.1. In-Situ AFM-Assisted Analysis of SRG Growth
Kinetics. The kinetic of polymer surface deformation with and
without a metal film on top during irradiation is recorded by a
homemade setup combining an atomic force microscope
(AFM) and Mach—Zehnder interferometer (Figure la). The
two orthogonal polarized laser beams are aligned to interfere at
the polymer sample positioned with the AFM for in-situ
measurements of the topography change. In this study we apply
two different polarization combinations of the interfering
beams: +45°:—45° or +45° and RCP:LCP. The distribution
of the electrical field vector in the resultant polarization
interference pattern at the point of interference along grating
vector (x-axis) for both combinations is presented in Figure 1b.
Using our experimental setup, we are able to measure a change

in the grating height, ie., the difference between the grating
maxima to the grating minima, during irradiation as a function
of time (Figure 1c). The periodicity of polymer grating is
chosen to be 4 ym for all experiments, since at this value one
gets the maximum achieved grating height of 970 + 50 nm after
12 h of irradiation.

By taking the arc length {s = /6’[1 + A (47*/N*)(cos(2mx/
A))*]1Y? dx} of the deformed PAZO surface (sinusoidal
profile), we estimated a maximum change in surface area, i,
strain, of 14% during grating formation. Additionally, using the
protocol introduced in our previous publications,z’3 we were
able to assign the positions of the maxima and minima of the
topography to the distribution of the electrical field vector
within the interference pattern (see the sinusoidal curve in
Figure 1b).

3.2. Periodic Rupturing of Ultrathin Metal Films on
Photosensitive Polymer. Ultrathin gold films of 100 + 10 A
are deposited on a photosensitive polymer film via the physical
vapor deposition process with an evaporation rate of 0.25 A/s.
The high-resolution scanning electron microscopy (SEM)
migrograph of the metal film is shown in the inset of Figure
2b. The film consists of closely packed interconnected metal
islands and possesses good conductivity with a resistance of 180
+ 20 Q compared to the polymer film of infinite resistance.
The conductivity of deposited metal film proves the good
continuity of deposited metal films on the polymer surface.

The polymer film constrained by a 100 A thick metal film still
deforms during irradiation with an interference pattern;
however, the maximum achievable grating height decreases to
780 + 40 nm (red curve in Figure 1c). This deformation results
in a 10.5% increase in surface area of the metal layer, i.e., strain.
During deformation the metal layer ruptures periodically
(Figure 2d), forming cracks of ~200 nm in width along the
grating minima through out the irradiated region. The cracks
start to appear only after several minutes of irradiation, when
the grating height increases to more than half of the maximally
attainable height (see Supporting Information, Figure S1). For
instance, if the irradiation proceeds 200 min (see red curve in
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Figure 3. SEM micrographs of the metal layers deformed on the polymer film during inscription of the surface relief grating using two different
polarization states of the interference pattern: (a) +45° and (b) RCP:LCP. The distribution of the electrical vector relative to the topography
variation is depicted by white arrows. For both cases, the schematical representation of azobenzene (depicted as blue ellipses) orientation in the

polymer film after irradiation is shown above the SEM micrographs.

Figure 1c), the metal layer with inscribed SRG topography
stays intact. Since in the azobenzene-containing photosensitive
polymer films, opto-mechanical stress can be induced in
repeated irradiation stages, we performed cross-irradiation in
the subsequent step with the +45° interference pattern by
turning the sample 90° to the direction of the first irradiation.
In the second step, irradiation was conducted up to a grating
height of 800 nm. Again the metal film was ruptured at the
topography minima, where uniform cracks of 200 nm in width
appear (Figure 2d).

When the SRG is inscribed by an interference pattern of a
different polarization state, for instance RCP:LCP, the metal
layer is again ruptured at the topography minima (Figure 3b).
However, at the same change in the height and periodicity of
the surface grating, ie., the same induced strain, the
morphology of the deformed metal layer differs significantly.

Thus, when comparing the metal layer deformed by
irradiation with +45° (Figure 3a) and RCP:LCP (Figure 3b),
one immediately recognizes that in the first case the metal
between the wide cracks is almost undamaged with only
subnanoscopic riffles at the topography maxima. In the case of
RCP:LCP deformed metal, at the slopes of the SRG there are
densely spread cracks progressing from grating minima toward
maxima at an angle of 65° with respect to the grating vector.
Additionally, metal wrinkles at the topography minima are
detected (see for instance the enlargement in Figure 3b). SEM
images of cracks spread across larger scan area are included in
the Supporting Information (Figure S2). From this observation
one can conclude that at the same applied strain and kinetics of
the deformation (compare curves in Figure 1c) the local
distribution of the strength and direction of the opto-
mechanical load should be different for different polarization
states of the interference patterns.

The periodic crack formation phenomenon presented in
Figures 2 and 3 should be an imprint of localized stress
developed within the polymer film during SRG formation. In
addition, features like the convenient adaptability of the metal
film on the deforming polymer surface implies the existence of
a strong bonding layer at the metal/polymer interface.

To address this question, we performed neutron reflectivity
measurements on plain Au/PAZO/glass sample (without
grating) as described in the following section.

3.3. Analysis of the Metal/Polymer Interface Using
Neutron Reflectivity. To understand the Au/PAZO interface,
we performed neutron reflectivty measurements on 10 nm thin
metal films deposited on a micrometer thick PAZO film spin-
coated on glass substrate (further experimental details are
provided in the methods section). For the modeling of neutron
reflectivity curves from the given set of parameters, we used the
so-called matrix formalism described in detail elsewhere.***

The boundary conditions at every interface allow one to
obtain the system of linear equations in matrix form, which
connects the Fresnel coeflicients above the sample surface with
the coefficients in the substrate. Generally, due to random
roughness, the interface between two neighboring layers is
described as a random Gaussian variable z(x, y) with standard
deviation 6. The description works correctly only in the case
when ¢ < t, where t is a layer thickness. When o is too large,
one considers graded but smooth interfaces, where the
scattering length density is a function of z. The interface is
divided into thin slabs with a maximum thickness t; < 27/ Q.
where Qp,, is a maximum scattering vector in the experimental
data.

In order to simplify the analysis of the experimental data, we
performed neutron reflectivity measurements on a pure glass
substrate, PAZO/glass sample, and Au/PAZO/glass. We
present in particular the modeling procedure applied to the
data from all three samples and the obtained parameter.

Pure Glass. The experimental reflectivity curve and fitting
result for the pure glass substrate are shown in Supporting
Information (Figure S3). Fitting of experimental data led to the
following optimized values of glass SLD and roughness,
respectively: (3.565 x 107°) + (0.001 x 107%) A and o =
8.00 + 0.02 A.

PAZO/Glass. Simulations of the data from the PAZO/glass
sample (Supporting Information, Figure S4) has shown that the
profile of the rough air—polymer interface tends effectively to a
form of square root gradient with the following parameters:
scattering length density of PAZO film at z = 0 ppy0 (2 =0) =
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(1.135 x 107%) + (0.005 X 107°) A™% gradient thickness
125.94 + 0.50 A, and mean SLD of PAZO = (2.246 x 107°) +
(0.003 X 107°) A™% The scattering length density of glass
substrate and its roughness were taken from a previous fit of the
data for pure glass sample.

Au/PAZO/Glass. The model of PAZO in the above section
shows that the surface of the polymer is not perfect and its
profile tends to a square root gradient. The AFM surface
roughness analysis of S X S um* demonstrates a much smaller
surface roughness of around 1 nm. However, a neutron beam at
low angles covers a larger surface given by the opening of the
beam and gives more averaged information compared to AFM.

To simulate a profile of a gold layer and gold/PAZO
interface, we used the following procedure. The first 200 A of
the scattering length density profile including the Au layer and
the interface between the gold layer and PAZO film were split
into 10 slices. The parameters of every slice were optimized
independently with physical constrains for the slice thickness
and SLD; the former could possess the values in the range from
0 to 25 A, defined by the maximum experimental scattering
vector Q. and the latter was limited from the upper side by 5
X 107 A™2, which is larger than the calculated value of the
scattering length density of gold, 4.5 X 107 A% The result in
Figure 4b shows perfect agreement between the curves. The
final density profile is presented in the inset of Figure 4b.
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/ metal film <10 nm
~4.5 nml . >
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Figure 4. Neutron reflectivity analysis of the bonding layer at the
metal/polymer interface. (a) Scheme of bonding layer. (b) The final
scattering length density profile (embedded image) and fit results of
the corresponding calculated neutron reflectivity curve. SLD and
thickness of the sublayers were optimized by the Levenberg—
Marquardt algorithm. (c) SEM image depicting the metal polymer
interface (cross-sectional view of air/Au/polymer). The xy-plane
indicates the gold film topography, and the z-axis indicates the normal
to the sample surface.

The scheme in Figure 4a shows the gold/polymer/glass
interface and the estimated diffused layer to be ~4S A. In
addition to neutron reflectivity, we performed SEM imaging of
bisected Au/PAZO/glass sample (breaking pressure applied
toward the gold layer to avoid particles from the gold layer
being distributed within the polymer). The SEM image in
Figure 4c shows a few single metal grains diffused deep into the
polymer film. Metal particles are observed up to 500 nm deep
in the polymer film; however, these small grains of metal
particles are invisible for detection using neutron reflectivity
due to the lack of significant particle density.

3.4. Effect of Metal/Polymer Interface on Crack
Formation. The neutron reflectivity results presented in the
above section clearly indicate ~45 A thin diffused Au layer into
the PAZO surface, resulting in a good bonding/adhesion layer
at Au/PAZO interface. To investigate how this bonding layer
influences the crack formation within the metal layer, we
performed experiments in which the metal and polymer are
separated by a nanoscopic thin graphene layer.

Highly oriented pyrolytic graphene (HOPG) layers from the
graphite substrate are transferred onto 1 um thick photo-
sensitive polymer film surface using the method of mechanical
exfoliation. During this procedure, pieces of multilayered
graphene (G-ML) of arbitrary shape, size, and thickness are
transferred on the polymer surface. Afterward, the metal layer
of 10 nm in thickness is deposited on top (scheme in Figure
Sa). The morphologies of the gold layer on the G-ML and the
polymer surface differ significantly, allowing us to track exactly
the position of the G-ML piece (Figure Sc). The average
thickness of the graphite pieces spread across the polymer
surface in a definite area before gold deposition was analyzed
using AFM and found to be around 10 nm, indicating the
multilayer structure of the graphene. From the literature it is
known that there is no penetration of the gold through the
graphene multilayer,*"** so we can be sure that on the places
covered by G-ML there is no metal/polymer bonding interface.
The SEM analysis after grating inscription in Au/G-ML/
polymer sample is presented in Figure Sd. From the AFM
cross-sectional profile (scheme in Figure Sb), one can see that
the G-ML layer is centered at the topography minima and
bends together with the underlying polymer surface. The
presence of the G-ML piece of a width smaller than the SRG
period does not alter the height of the grating topography.
However, the Au layer on G-ML remains undisturbed and
cracks appear only in the regions where the gold layer is in the
direct contact with PAZO. This observation clearly supports
the fact that the bonding layer at Au/PAZO interface serves as
a transducer of the local stress distribution in the polymer film
to a metal layer.

On the macroscopic level, during irradiation with an
interference pattern the glassy photosensitive polymer film
deforms strongly without significant photoinduced softening.*
This implies that the stresses generated within the films during
irradiation should be quite strong, at least larger than the yield
point of the polymers.*”*® Moreover, with the additional
mechanical constrain in the form of the metal layer adsorbed on
top, the deformation of the metal/polymer system still takes
place under irradiation, indicating that the opto-mechanical
stresses are even larger and can do quite an amount of work.
During material mass transport the polymer film exerts forces
on the metal layer adsorbed on top. The bonding interface
between the polymer and metal layer serves as a transducer of
the applied opto-mechanical forces. Utilizing a standard model
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Figure S. Schemes of Au/G-ML/polymer interface before (a) and after irradiation (b). (c) SEM micrograph of 10 nm thin gold layer deposited on
polymer and G-ML surface. The micrograph is recorded on the area marked by a dotted white line in part d, where the SEM image of gold film
topography deposited on a region covered with G-ML and on a polymer surface after SRG inscription is depicted. The piece of graphene is marked

by the dashed white line.

frequently used for metal laminated polymer substrates that are
put under tensile strain, one can estimate the stresses that the
polymer exerts on the metal film.** From a standard equation
(6 = KeV), we may estimate local stress to be ¢ = 0.11 GPa.
Here we use values for the strain, € = 0.105, calculated as
described above; for the prefactor, K = 114 MPa, and the
hardening exponent, N = 0.02, which are typical for a weakly
hardening metal.*> The continuous cracks observed in the
metal layer at grating slopes and near maxima (Figure 2d,f) are
difficult to decipher due to the combination of complicated
mass transport and molecular reorientation processes in
photosensitive material as well as bending and bulging
phenomena in metal film during SRG formation.

On the molecular level the radiation field acts only on the
azobenzene molecules that orient themselves perpendicularly
with their main molecular axis to the direction of E field vector
during multiple trans- to cis-photoisomerizations.'”*® An
external, spatially varying radiation field given by an
interference pattern introduces gradients in local ordering of
the azobenzenes and/or chemical potential.'"”'**” Since the
azobenzenes are tied to the polymer chains, the reorientation of
azobenzene molecules perpendicularly to the polarization of
light causes the reorientation of polymer backbones and, thus,
the macroscopic deformation of a sample due to the strong
mechanical coupling between the two phases: azobenzenes and
polymer matrix. Depending on the E field vector distribution
within the interference pattern, one might expect a different
magnitude and local direction of the opto-mechanical stresses.
Indeed, when inscribed with a different polarization pattern, the
kinetics of the SRG formation changes significantly,” as well as
the maximally attainable height of the gratings. But even when
the height, periodicity, and the kinetics of the polymer film
deformation are the same for two types of interference patterns,
there is still significant local difference. In this study, we show
that when the metal/polymer sample is irradiated with two
different interference patterns (+45° and RCP:LCP), the
morphology of the metal damage, ie., shape and direction of
the cracks within the metal, differs significantly. Since the gold
layers are tightly bound to an upper layer of the polymer film
and even partially penetrate inside, the considerable relocation
of gold material along with the mass transport within the
polymer implies that on a local, nanoscopic scale the
distribution of the opto-mechanical stress is not uniform. In
future studies small gold nanoparticles immersed within the
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film could be used as local probes for forces and polymer flow,
thus probing transport properties with high spatial resolution.

4. CONCLUSION

In conclusion, we report on ultrathin metallized photosensitive
polymer films and their response to irradiation with an
interference pattern. Using neutron reflectivity, a 45 A thick
diffused metal layer into the polymer surface was found to form
the bonding layer between the polymer and metal layers. The
bonding or adhesion layer at the interface serves as transducer
for opto-mechanical stresses that polymer material exerts on
the metal layer during surface relief grating formation. The
forces developed in the polymer layer under irradiation are
quite strong and result in not only significant deformation in
the glassy polymer material but also in a deformation and
rupturing of the metal layer. When separated by the graphene
multilayer, the metal film still deforms due to the increase in the
surface area, but no rupturing appears within the layer. We state
here that the periodic metallic cracks observed along grating are
the direct imprint of opto-mechanical stress developed in the
skin of the polymer layer during SRG formation. Moreover, we
have shown that the distribution of the electrical field vector
within the interference pattern significantly changes the local
distribution of the opto-mechanical stress, even when the
kinetics and value of the surface area change are kept constant.
To our knowledge, this is the first reported experimental
observation of a local probe of the opto-mechanical stress
distribution within photosensitive polymer films.
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Ex-situ SEM analysis of crack formation with characteristic
strain features, SEM images of periodically ruptured gold films
on polymer during SRG formation, the Levenberg—Marquardt
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