Sensors & Transducers, Vol. 233, Issue 5, May 2019, pp. 1-5

T
"

www.sensorsportal.com

Sensors & Transducers

Published by IFSA Publishing, S. L., 2019
http://www.sensorsportal.com

Deterioration of Graphene Nanocoated Optical Taper
Saturable Absorber at High Power

L"Meriem KEMEL, ?Paul MOUCHEL, * Georges SEMAAN,

!Mohamed SALHI,?Marc LE FLOHIC, *Frangois SANCHEZ
!'University of Angers, Laboratoire de Photonique d’Angers, E. A. 4464, 2 Boulevard Lavoisier,
49045 Angers, France
2 Lumibird, 2 rue Paul Sabatier, 22300 Lannion, France
'Tel.: +33607058035
" E-mail: meriem.kemel@univ-angers.fr

Received: 30 March 2019 /Accepted: 30 April 2019 /Published: 31 May 2019

Abstract: We experimentally investigate the loss of nonlinear transmission of graphene nanocoated optical taper
(GNOT) saturable absorber at high input average power. Above a certain threshold of incident average power, the
component experiences an irreversible modification of its nonlinear properties. This leads to a permanent
deterioration of saturable absorption characteristics of this component. Such behavior is discussed and analyzed.
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1. Introduction

Graphene is a two-dimensional (2D) atomic crystal
consisting of carbon atoms arranged in a honeycomb-
like structure. After monolayer graphene was isolated
in 2004 [1], this 2D material has attracted much
attention because of its unique properties such as
elasticity and mechanical strength [2], impermeable
properties to any molecules [3], electrical [4] and
thermal [5] conductivity, etc. Thanks to this several
properties, graphene is widely studied in numerous
domains for several applications like biomedicine
[6-7], energy storage [8], electronics [9-10], aerospace
[11], etc.

Particularly, we are interested by its saturable
absorption characteristics for nonlinear optics
applications. Indeed, graphene is widely used in mode-
locked fiber lasers in order to produce ultrashort
pulses [12-15].

http://www.sensorsportal.com/HTML/DIGEST/P_3075.htm

Different methods have been proposed to realize
graphene based saturable absorbers (SAs) such as
direct deposition of graphene nano-sheet between two
fiber connectors [16] or collimators [17], deposition of
nano-flakes on a D-shaped side-polished fiber [18] or
along the waist of a tapered fiber [19], etc. In our case,
we use graphene nanocoated optical tapers (GNOTS).
These latter are fabricated by reducing a single mode
fiber’s diameter to approximately 20 um over 5 mm
waist length. Graphene nano-flakes are then
deposited on the taper waist thanks to optical
tweezers effect.

While graphene has demonstrated very good
saturable absorption properties for low power
applications, there are very few results concerning its
use in high power fiber lasers [15, 19-20].

In this communication, we point out the
deterioration of graphene nonlinear optical properties
under high average input power.
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2. Methodsand Materials
2.1. Fabrication of the GNOT

Graphene based saturable absorber used in this
experiment is Graphene nanocoated optical taper
(GNOT) which is consisting of optical taper on which
graphene nano-flakes are deposited.

The optical tapers are fabricated in Lumibird.

They are consisting of Single Mode Fiber
(SMEF28), for which the diameter of the tapered part of
the fiber is reduced to 20 pm, comprising the core and
the optical cladding initially measuring 125 um for
SMF28, along 5 mm of fiber. Fig. 1 presents the taper
profile obtained after tapering process.

120

100 1

=]
o
L

=]
o
f

Diameter (pm)

40 1

® Measurement
20 ~—— Exponential profile

-15 -10 -5 0 5 10 15
Position (mm)

Fig. 1. Measured profile of the fabricated tapers (blue dots)
compared to exponential profile (orange curve).

The profile of fabricated tapers is very close to the
exponential one used like model to obtain tapers with
needed characteristics.

As the dimensions of the fiber in tapered part are
significantly reduced, it is needed to be protected to
avoid breaking. Indeed, the next step to fabricate the
final component is to make graphene deposition on the
taper, so this latter is fixed on half glass mount u form
and fix the fiber in both sides by UV glue as shown on
the Fig. 2.

Half glass tube

Fiber taper

Fig. 2. Photo of taper fixed on a half glass mount.

After protecting the taper, the deposition of
graphene will be safe and efficient. The graphene used
is in form of nano-flakes in suspension in
water  (Sigma-Aldrich ~ 799092-50ML)  with
concentration of 1 mgxml ™.

The deposition of graphene is made by putting few
droplets of this solution on the taper as shown on the
Fig. 3. Thanks to optical tweezers effect, graphene
nano-flakes are attracted by the taper and they
surround all the taper waist while the water is
completely evaporated.

Graphene solution

Fiber taper Half glass tube

5 mm

Fig. 3. Photo of the deposited graphene droplet
on the taper.

After making sure that the graphene is deposited,
graphene nanocoated optical taper is ready to be used
as saturable absorber. Fig. 4 presents a photo of the
GNOT.

Fig. 4. Photo of the graphene nanocoated optical
taper (GNOT).

In the following, this component will be
characterized first at low power to study its
transmission in function of average input power and
then will be characterized at high average input
power to study its behavior in conditions of high
optical power.

2.2. Characterization of the GNOT

The experimental setup used to measure the
nonlinear optical properties of the GNOTs is shown in
the Fig. 5. The pulsed laser emits 5 ps pulses at central
wavelength of 1562 nm with a repetition rate of
12 MHz. The average power injected in the GNOT is
controlled by the variable attenuator. A 50 % -coupler
is used to split the beam into two parts. One part goes
through a component under study and the second one
stands as a reference.

The transmitted power of each arm is measured by
using integrating spheres (Thorlabs S145C and
S146C respectively).
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Fig. 5. Experimental setup. ATT: variable attenuator.
GNOT: graphene nanocoated optical taper.

Different models of transmission are proposed to
fit the experimental transmission curves according to
specific cases [13, 21-25]. Here, we propose a general
and suitable formula to study our GNOTs. The
transmission coefficient T in function of input average
power P can be fitted by the equation:

as

GEe o
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T(P)=1-

where a; is the modulation depth of the transmission,
Qs 1s the non saturable (linear) losses and Py, is the
saturaion power. The free parameter n has been
introduced to take into account the switching region.
It permits to control steepness of the slope for a
better fitting.

3. Resaultsand Discussion

of various
behaviors

The transmission measurements
GNOTs were made and different
were observed.

Fig. 6 presents the transmission of a GNOT for
increasing incident average powers.
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Fig. 6. Transmission of a GNOT. Dots represent measured
values and lines are the fitted curves.

For the first measurement (blue dots), the
transmission is the usual one for a standard SA: it is
low at low powers and then becomes progressively
higher for increasing incident power. After this first
measurement, the same GNOT has been used to make
a second measurement (orange dots). Surprisingly, the

resulting transmission is completely independent from
incident power and remains nearly constant.

Similar measurements with different GNOTSs have
been done to confirm this observation.

In order to determine if the incident power causes
the deterioration of the components, the stability
of the transmission of a GNOT over the time is
measured at different incident powers (between
10 mW and 166 mW). These measurements are
presented in Fig. 7.
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Fig. 7. Transmission evolution of a GNOT over time
for different incident average powers. Transmission is
measured each second during 20 min.

For the first three measurements corresponding to
10 mW, 78 mW and 97 mW of incident powers, the
transmission remains relatively stable over the time as
expected for a usual SA. For higher input powers,
related to 123 mW, 152 mW and 166 mW, the
transmission increases over time and this process is
irreversible. By repeating this measurements on few
other GNOTs, the damage threshold is determined
around 150 mW of incident average power.

We assume that this unusual behavior of
transmission is a consequence of a degradation of
graphene nano-flakes deposited on the taper. Indeed,
due to high power, graphene generates heat. This latter
can cause a damage if it is not well dissipated. To
verify this hypothesis, a temperature evolution of a
GNOT in function of incident average power (between
10 mW and 400 mW) is measured. Fig. § presents this
evolution which is measured with a thermal camera
(Chauvin Arnoux C.A 1882 DiaCAm).

We note that, below damage threshold (determined
around 150 mW), the temperature increases up to
124°C. Above 150 mW, the temperature continues to
increase before stabilizing at 180 °C. Taking into
account the random deposition of graphene nano-
flakes on the taper and the low resolution of the
camera, it is worth mentioning that this temperature
values are most likely averaged over the surface
represented by a pixel. Consequently, the peak
temperature of the GNOT is certainly higher than
values reported here.
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Fig. 8. Temperature evolution of a GNOT in function
of incident average power.

In parallel, in previous studies [26-28], it was
reported that defects appear on the edges of crystal

Structures of graphene flakes when their
temperature reaches 200 °C and in the center of the
flakes for temperatures up to 500 °C. In our case, as
the flakes are randomly deposited on the taper waist
and interact with the evanescent field of clad modes
propagating in the taper, the absorption takes place
mostly on the edges.

At low temperature (for low average input power),
graphene behaves normally as the structure of the
flakes is not disrupted by the heat. When the
temperature increases, defects appear and the edges
stop to absorb the light. For the better understanding
of our results, the analysis of the GNOTs (before and
after damage) by Raman spectroscopy is needed.
Indeed, the damaged GNOTs presented no visible
damage and the nano-flakes were still surrounding the
taper waist. This implies that the modification of the
absorption is a result of structural modification of the
graphene rather than of disbonding of graphene from
the taper.

4. Conclusion

To conclude, we have reported the deterioration of
graphene nanocoated optical taper saturable absorber,
while exposed to high incident average power. At low
power, the GNOT behaves like a usual saturable
absorber. For powers above a certain threshold,
determined around 150 mW, the GNOT undergoes an
irreversible damage and lose its saturable absorption
properties. We assume that this damage is due to the
bad cooling of graphene nano-flakes which causes the
deterioration of its saturable absorption properties.
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development of new and advanced materials and

nanosensors. Exampies of such materials are ferrocen

as mediators, ionic liquid crystals, self-assembled monolayers on macro/
nano-structures, perovskite nanomaterials and functionalized carbon
materials. The emphasis of the book will be devoted to the difference in
properties and its relation to the mechanism of detection and specificity.
Miniaturization on the other hand, is of unique importance for sensors
applications. The chapters of this book present the usage of robust, small,
sensitive and reliable sensors that take advantage of the growing interest in
nano-structures. Different chemical species are taken as good example of the
determination of different chemical substances industrially, medically and

environmentally,

The book will be useful for scientists and researchers, doctors and students
working in medical research, engineers and students working in
environmental research, professionals working in industrial field.

http://www.sensorsportal.com/HTML/BOOKSTORE/Designing_Nanosensors.htm



http://www.sensorsportal.com/HTML/BOOKSTORE/Designing_Nanosensors.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/Designing_Nanosensors.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/Designing_Nanosensors.htm

