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Abstract

Optical methods to study the laser-matter interactions pre-
cisely is of utmost importance. Here, we demonstrate
a simple, collinear interferometer with minimum compo-
nents to study time-resolved thermal deformations induced
in solids/thin films with a picometer resolution. We have
measured sub-nm deformations in various samples, like
red acrylic sheet, when exposed to high-power CW laser
source. The displacement measurement from our inter-
ferometer was then used to calculate the change in tem-
perature of the solid sample. The minimum temperature
change recorded was (41.96 +5.78) mK. Precise temper-
ature change of solid materials is needed in many applica-
tions like in laser heating or cooling experiments. It will be
interesting to study the thermal deformation in solids due to
ultra-fast nano-second or pico-second laser pulses.

1 Introduction

Precise characterization of various materials and devices
has always been a basic necessity to revolutionize tech-
nology . Various physical quantities such as optical den-
sity, photo-thermal and photo-elastic response of materi-
als, magnetic susceptibility, thermal expansion coefficient
etc. rely on measurement of displacements of various ob-
jects caused by external fields. Existing techniques for sur-
face analysis of materials such as Scanning Electron Mi-
croscopy (SEM) [1], X-Ray Diffraction [2], Atomic Force
Microscopy (AFM) [3], Transmission Electron Microscopy
(TEM) [4], Raman Microscopy [5], are mostly invasive and
change the surface properties. Moreover, implementing
these setups in a laboratory is a hefty and a lengthy pro-
cess to carry out research. So, one requires non-invasive
techniques like interferometry [6] to measure the surface
displacements and deformations with real-time precision.

In industries [7], interferometry is widely used to measure
crystal growth [8], metrology [9],surface topography, sur-
face temperature measurements [10, 11] etc. Since the sam-
ple size (in mm or cm) is much larger than the laser spot
size (usually in um), direct measurement of change in sur-
face temperature due to laser heating is extremely difficult.
Here in this paper we discuss non-invasive interferometry
technique to measure the thermal fluctuations in solids due

to laser with better precision. Detection of sub-nm dis-
placement with interferometry was utilized to measure the
real-time change in temperature of solid samples. For this
method prior knowledge of coefficient of thermal expansion
and the thermo-optic coefficient of the sample is required.
This may find its application in studying laser cooling of
solids[12, 13, 14].
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Figure 1. Experimental setup: Schematic of the nano-
metric probing of solid samples.

2 Experimental Set-up

The schematics of our setup is shown in Fig.1. We used
a collimated He-Ne laser (10 mW, A = 632 nm, and 1/¢*
full waist ~ 1.0 mm) as probe and a high power CW green
laser as pump. We used a compact and versatile Michelson-
like interferometer to obtain fringes directly from the sam-
ple surfaces, viz. red acrylic sheet, dried blood drop, and a
thin graphene oxide film drop casted on a glass slide. For
the reference fringe signal the sample was placed on a 3-
axis piezo stage (Thorlabs 3-Axis NanoMax Piezo stage
MAX312D). This stage was then given a 5 V voltage corre-
sponding to a movement of ~ 2um for measuring the ref-
erence minima to maxima signal. The signal was obtained
on the oscilloscope via a photodiode with a pin hole. A fo-
cused 535 nm laser source of power 300 mW for different
shutter duration was overlapped with the probe laser on the
sample with a lens of 30 c¢m focal length to heat the sam-
ples. The corresponding change in the interference fringes
was then observed in the oscilloscope using a 650 40 nm
band pass filter to avoid the detection of the pump laser.
The physical properties of solids, such as sample length,
refractive index, etc., changes when heated or cooled due
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Figure 2. Time-resolved laser induced deformation for red
acrylic sheet for shutter duration of (a) 100 ms, (b) 1 s, (c)
2s,(d) 345, (e) 5.2 s. (f) net displacement in the sample
with shutter duration.

to change in temperature. The optical path displacement, x,
of the sample can be calculated using the equation:

x=nA/2 ey

Where, n is the number of fringes evolved and A is the
wavelength of the laser used to obtain interference fringes.
For the length of the sample, L and it’s refractive index, 7,
is related with the optical displacement as:

x=L(n-1). (@)

The change in optical path length with temperature change
of the sample is then given by,

dn dL dL
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With the prior knowledge of coefficient of linear thermal

expansion, @ = 13T and the thermo-optic coefficient, diT

of the sample, the change in temperature at the sample sur-
face can be calculated and rearranging the terms in eqn(3),
we get,
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Fig. 2(a-e) shows the deformation of red acrylic surface
when exposed to high power (300 mW) green laser for dif-
ferent time duration. We collected data at different expo-
sure times (40 ms to 30 s) showing larger deformation for
longer exposures. We observed that the fringes evolved
faster initially and slowed down gradually with time dur-
ing the shutter ON time. This can be seen evidently dur-
ing the large pump laser time in Fig. 2(d-e). Using eqn.
(1) the refractive index of red acrylic sheet of length 4 mm
was found to be 1.47, which is consistent with the litera-
ture. As the sample surface temperature increases its re-
fractive index decreases. For acrylic the values of « and
dn /dT (taken from literature [15, 16])is 7 x 107> K~! and
—8.5x 1073 K~ respectively, thus y = 8.36 x 107 K1 .
For the data shown in Fig. 2(f), using eq. (4), we found a
temperature change of (41.96+5.78) mK. The error bar in
the calculation corresponds to the fluctuations in the data.
Fig.2(f) shows the net displacement in the sample during
different shutter duration. We also observed that the net
displacement saturates after a certain shutter duration. At
this point the sample has attained its maximum temperature
and beyond this point a permanent damage to the sample
can be observed in the form of a dip (or bulge).
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Figure 3. Time-resolved laser induced deformation for (a-
b) a dried blood drop on slide, (c-d) a graphene oxide film
drop casted on a glass slide.

Similar experiment was then performed on a dried blood
drop and on a graphene oxide film drop casted on a glass
slide. We observed a displacement of 60 nm and 30 nm re-
spectively with a precision of 200 pm for each sample as
shown in Fig. 3. For the given values of the thermal expan-
sion coefficient and thermo-optic coefficient the change in
temperature of these samples can be calculated in a similar
way discussed above.

3 Results and Discussion

In conclusion, we report a simple and versatile optical tech-
nique to measure time-resolved optical displacement with
picometer resolution using high contrast fringes produced
by the michelson-like interferometer. By analyzing dynam-



ical fringes when the test surface is modulated we mea-
sured its displacement in self-calibrating way with a res-
olution of A /3000 = 200 pm. Application of our technique
to observe time-resolved fast dynamics occurring in bodies
and to measure reversible and irreversible dynamics of laser
heating (or cooling) and subsequent nano-scale mechanical
response of various solids is demonstrated. A temperature
change of (41.96+5.78) mK was observed on the surface
of red acrylic sheet.

It would be interesting to study the variations in the pro-
file of solid surfaces due to ultra-fast nano-second or pico-
second laser pulses. We can then investigate the change in
properties of the sample due to electron transition as the
pulse time duration will be of the order of electronic transi-
tion from the higher state to lower state. Furthermore, the
technique can be adapted to measure sub-nm deformations
and temperature changes on liquid surfaces subjected to ex-
ternal fields.
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